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SUMMARY

Formation and propagation of fractures in solideriats are main topics in the
discipline of Fracture Mechanics. The study of pihepagation of fractures is also
vital in Structural Mechanics as an important iadlic of the level of damage of a
generic structure. When focusing on metal materibiglrogen embrittlement
(HE) is one of the most relevant factors making riiederial itself more sensitive
to propagation of cracks. This is a remarkabledsalgo in metallurgic processes.
Moreover, any environment rich in hydrogen is & fisr the metal: for instance,
either electrolytic environments or any situatibattleads to an increment in both
cathodic and anodic polarizations. The effect of tdBuces the threshold stress
intensity factor as free Hydrogen (H) atoms hostethe metal lattice cause the
solid to become more brittle and less resistagtack formation and propagation.
As regards to Ni- and Fe-based alloys, H absorptim the crack tip fracture
process zone increases the stress intensity aruleble growth rate.

The knowledge of such features is the key to sthdytopics reported in this
thesis. In fact, the first part of Chapter 1 willsdribe useful details about HE. The
aim of this work is to investigate the mechanicehtires involved in crack
propagation and arguing in what terms they are ecea to nuclear effects
observed during compression experiments and o#ileré phenomena involved
in electrolysis. The second part of Chapter 1 rspaome literature of
experimental results about nuclear emissions detesiiring compression tests on
brittle rocks, carried out in the Fracture Mecharliaboratory at the Department
of Structural, Geotechnical and Building EnginegriDISEG) of the Politecnico
di Torino (Turin, Italy). From the experimental datollected and the nuclear
emissions detected a hypothesis of piezonuclesiofisreactions is drawn. Such
would be the idea of specific nuclear reactionggired by stress relief caused by
cracks and fractures in the material under commmesd®Results of chemical
composition analyses on external and fracturedasasgf of the specimens are
reported. Comparing the proportions of the chematalinges measured on the
specimens to the evolution of the abundance of Ehgh Crust elements, a
connection between the laboratory scale and thth Baale is presented. From a
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different perspective, the piezonuclear effect ddog interpreted as an original
experimental proof of nuclear reactions inducedswlid materials through
mechanical processes. Features like this one adgedtin the research field of
Nuclear Science of condensed matter, also knovaolasfusion research. That is,
nuclear reactions are induced by means of procdssesving relatively low
energy, such as chemical electrolysis.

In Chapter 2, part of the literature concerningleaic effects in condensed
matter is presented. Various experimental datacatitig the occurrence of
anomalous nuclear reactions at relatively low eesrgare mentioned.
Accordingly, the author of this thesis followedvaotyear laboratory campaign,
investigating possible nuclear effects occurringrdyelectrolysis experiments.

Chapter 3 and 4 describe the experimental actigédyried out using an
electrolytic cell with different metal electrodds.details, Chapter 3 describes the
laboratory experiments conducted on nickel-iron den@nd cobalt-chromium
cathode. Chapter 4 reports details of the secortdopahe laboratory campaign:
nickel anode and palladium cathode were used. &hapsof the laboratory rig is
described as well as the equipment for the measmsmThe measures were
taken focusing on alpha particle and neutron eonssis well as on the chemical
composition of the electrodes before and afterelketrolysis. The appearance of
micro-cracks on the surface of nickel and palladelectrodes is one of the key
aspects observed after the experiments. Aftertidting the results of the
laboratory research, a strict connection betweetravdracks, neutron emission
and compositional changes is considered as thems@dof non-traditional nuclear
reactions implicating the fission of nickel and ladlum into lighter elements.
Numerous are the hypotheses behind the jungle pérarental data in the
literature, nonetheless, a unified theory has eenkestablished yet.

In the attempt of providing a contribution to thieedretical explanation,
Chapter 5 focuses the attention on describing tihdens of an atom through a
lattice model. The model described in this chaptas proposed by Professor
Norman D. Cook of the Kansai University (Osaka,aigpln the latter the author
of the thesis spent five months of his PhD coursestudy and broaden his
knowledge of the model itself. Also numerical siatidns are reported



considering the fission of different lattices cepending to different elements.
The results of the simulations provide a first mipé to predict what fragments
would form from the geometrical rupture of the macl lattices investigated: that
is iron, nickel, and palladium. Such prediction hiigoe in support of the

experimental activity related to fracture and efmthiemical processes, when
trying to reproduce nuclear effects in condensetiana

This thesis intends to pose a closure to the relkadeveloped in a three year
PhD course; thus, the conclusions outlined at tltkage drawn under the light of
what has been experienced by the author in thetlpas years. On the other hand,
one of the purposes of what is written below isptovide the support to any
further research intended to be developed in #ld ©f Fracture Mechanics and
Nuclear Science of Condensed Matter. For this reas@lausible mechanical
interpretation to nuclear-like effects observefracture and electrolysis processes
is considered.
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CHAPTER 1

1 INTRODUCTION

The work and the topics proposed in this thesistarbe considered in the
context of Structure Mechanics and in particularFiracture Mechanics. The
research here developed finds its roots in the rempatal work of professor
Carpinteri and his research team [1]. Curious atefésting results came out from
simple compression experiments carried out on abttock specimens. They
confirmed an energy release during the fracturepluing different forms of
energies. In other words the fracture energy digsgpon the surface of a crack is
not the only one involved in the process of cramkrfation and propagation. In
fact, there is a release of energy due to the gadn of elastic waves, thus
acoustic emissions (AE) and a release of electtbos, electromagnetic emissions
(EME). Most surprising is the release of neutroesedied from the specimen
during the process of fracturing. The team of redeas, well aware of the very
complex nature of fracturing and cracking procedsad to face a new aspect they
have never considered before in their “milieu”: leac effects were studied in
structural mechanics or in general in civil engnireg It is a very difficult path
trying to study diverse effects that belong to wsrbf such a big scale difference.
The study of the mechanics of solids and nucle@nse come together to a
multifaceted science: the nuclear science of cosetbmatter. It is about the study
of nuclear effects in materials in their ordinaojid state. Also it is about studying
how to induce nuclear effects without involving eoassible energies: here the
chemistry comes to assist. Thus numerous casebecéound in the literature of
scientist attempting to reproduce nuclear effegtsmeans of electrochemical
processes.

1.1 Scope of the thesis

The previous paragraph was a brief introductioth® origin of the research
developed in this thesis. The present chapter dedlua description of the HE
effects in different environments. It also providegetailed description of the
compression tests carried out in the Laboratory Fodicture Mechanics at
Politecnico di Torino focusing on the results olutnen emission detection and
chemical analysis of both the undamaged and crasiddces of the specimens
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by means of the Energy Dispersive X-ray Spectropd@DX) technique. The
following chapter will provide the reader with atstorical description of the
literature of the most remarkable facts relateth&éo“Cold Fusion” research. Such
knowledge is essential in order to establish a eoton between two worlds of
different scale and characterized by very diffegroaches: Fracture Mechanics
and Nuclear Science. This thesis aims to providefulisinformation and
experimental data that could contribute to achi@w®mmon answer to the many
questions concerning cold fusion. In the following,is proposed to study
particular phenomena, say nuclear, from a diffeqgaspective and through a
different approach. The research presented hetteege pages find its roots in an
experimental milieu and it is approached througmethodology that strongly
depends on the author background. The perspediiviat of the Structural
Mechanics environment that comes to face the yealit a deep connection
between scales of different order of magnituderethie a relationship between
what is labelled as “macro” or “meso” and whatss'micro” or “nano”.

1.2 Fracture propagation and hydrogen embrittlement

In case of formation or propagation of microcracttgnamic effects in the
form of longitudinal waves of expansion and corticac (tension and
compression) occur in addition to transverse oash&ves. Generally known as
pressure waves, they travel at a speed stricthtaélto the medium: that is, for
most of the solids and fluids the order of magretigl1G meters per second. The
wavelength appears to be of the same order of matgf crack size or crack
advancement length. Therefore, the wavelength ef glessure waves cannot
exceed the maximum size of the body in which ttelcris contained. In actual
fact, it may vary from the nanometer scale up te kilometer one, whether
defects of a crystal lattice such as dislocationvarancies are considered, or
rather tectonic faults of the Earth’s crust. Hencensidering the well-known
relationship between frequency, speed and wavdienghocracks would involve
a pressure wave frequency of‘46scillations per second (TeraHertz), while large
scale tectonic dynamics implies frequencies of fshe oscillations per second
(Hertz) [2] [3].

Although the research of this thesis draws its sdodbm a study of rocky
natural materials, interesting phenomena relatethéopropagation of fracture in
metal material will be also considered. For theesakunderstanding the features
studied in this thesis, it is crucial to be awafeone of the most important
phenomena that favor the propagation of fracturen@tals. Such process, well-
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known in Metallurgy and Fracture Mechanics, chaarés metals during forming
or finishing operations [4]. During such activitigs unintentional introduction of
hydrogen into the metal is often likely to occurydrbgen effects are largely
studied especially in metal alloys, where the preseof H free atoms in the host
lattice causes the metal to become more brittlel@sslresistant to crack formation
and propagation. In particular, hydrogen generatemternal stress that increases
the fracture stress of the metal so that brittleckrgrowth can occur under a
hydrogen partial pressure below 1 atm [5].

Hydrogen presence is known to assist cracking doogrto numerous
phenomena: such as stress corrosion cracking S@@roden-environment-
assisted cracking HEAC, internal hydrogen-assistedking IHAC, hydrogen-
enhanced decohesion HEDE, etc. The mechanisms aagneters involved in
such processes are numerous. What all the mechamiserack growth have in
common is that they are localized at the cracKitijs. not always necessary for the
entire material to become embrittled, even thougirdgen is often generated as a
product of the crack tip corrosion reaction andckrgrowth may occur in
correspondence of a HE process [5].

There are three important types of conditions fo€CS to occur:
electrochemical, mechanical, and chemical. Furtbegmit is known that, for
metal alloys in high temperature water, the forovatf oxides rich in Chromium
(Cr) also allows, by hydrolysis reactions, to obthigh hydrogen fugacity at the
crack tip, which make hydrogen-assisted cracking@Hmechanisms viable [5].

Slip dissolution is another phenomenon connecteHAE. This mechanism
depends on chemical and physical factors such iae oMpture, passivation, and
liquid diffusion rates. They are very important,they affect the charge transfer
per unit time in the slip dissolution model and thwedrogen adsorbed atom
coverage and hydrogen evolution rate in hydrogsrstesl cracking [5]. In
particular, the oxide rupture plays a fundamentak rin hydrogen-assisted
cracking models, since it directly helps hydrogentrye into the metal.
Unfortunately there is lack of quantitative knowgedof events such as hydrogen
coverage at the crack tip, hydrogen diffusion ahefaithe crack, preventing us to
obtain a full comprehension on the matter [5].

The oldest of the HE mechanisms is the hydrogemsscdd decohesion
(HEDE) mechanism, which proposes that high, loedlizconcentration of
hydrogen can weaken the interatomic cohesive faxtes ahead of crack tips [5].
According to this mechanism hydrogen is thougrddoumulate in regions of high
triaxial stress ahead of the crack tip at a disgtaadmout twice the crack tip opening
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displacement (CTOP). Moreover, high concentratibmyalrogen can form also
within a few atomic distances of crack tip or atesal tens of nhanometers ahead
of the crack, where dislocation shielding effeetsult in higher stress. As the bond
between metal atoms can be weakened by hydrogent®fbn electron-charge
density, crack growth can then occur along cleavplzmes or along grain
boundaries, weakened by segregation of metallopliities or by segregation of
particle-matrix interfaces.

With particular attention to metal alloys, we wodikle to focus on Nickel-
based environment. Although, nickel and nickel-das¢loys are generally
resistant to SCC, crack growth can occur in padrcoconditions. For instance, in
high temperature water and gaseous hydrogen emv@on cracking is
predominantly intergranular [6]. Having said thids important to emphasize that
hydrogen uptake may occur in nickel-based alloyd #merefore, crack growth is
possible. Also, hydrogen-assisted crack growth esn observed at ambient
temperature up to ~100 °C in a number of hydrodemging conditions [5].

Both nickel-based and iron-based superalloys aomepto severe hydrogen
cracking. This was revealed by initial studies ué effects of exposure to high
pressure kKlon metals and by later research on H-assistedtiogao nickel alloys
[7]. Additionally, ensuing results have shown tRatbased alloys are susceptible
to both IHAC and HEAC in high-pressure F3]. The tensile yield strengths of the
materials, examined with regard to H cracking, iarthe range from 800 MPa to
1100 MPa; however, yield strengths approaching 140Pa are possible.
Hydrogen-free superalloys crack by microvoid prgessat high I, but IHAC
and HEAC progress by a mixture of intergranularasafoon and transgranular
cracking [4]. It is important to understand thatlearacking mode depends on
different variables, such as metallurgical factagsin size, H concentration,
temperature, CMOD-control mode. For instance, imesd-e-based alloys it has
been proven that if H is introduced to the cragk zbne process, the stress
intensity for H cracking is substantially reduc@&q. In other words, I changes
to a specific ke due to predissolved H interacting with the ris@gOD. This is
also valid for both IHAC and HEAC in Ni-based sugdiys [9].

With particular focus on IHAC, one of the most imamt chemical variables
when studying the HE related phenomena is the Iggiracconcentration in the
material. Hydrogen is known to be trapped at varimicrostructural features in a
complex alloy. Also, high tensile strength and Bjpping are correlated because
nanoscale features that strengthen an alloy midgd arovide sites for H
segregation. Thus, the concentration of H, pretlissoin a high-strength alloy
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microstructure, critically affects the thresholdess intensity. In particular H
concentration is defined either as total H conegiuin G,.ror or diffusible H
concentration Gpre[5] [10]. The former is the sum of (i) H dissolved hetalloy
lattice, (i) H in dynamic equilibrium with one @nore reversible trap states and
(i) H strongly trapped in irreversible sites.,&r depends on temperature
exponentially through the energies of H-latticeusioh Hs and H-trap binding &
[11]. Numerous studies show thafic increases as Gorincreases for low-
alloy steels [5].

In relationship with the experimental activity cenging electrolytic cells, it is
important to investigate what roles electrolytiddagaseous environments play.
For both gases and electrolytic solutions, we nuostsider that the amount of
atomic hydrogen absorbed on crack surfaces clogbedip affects HEAC as
much as the predissolved H concentration does A€CIHn gaseous environment,
it is proven that increasing,Hbressure promotes HEAC, thus, the stress intensity
factor increases while the crack growth rate rj5gs

In electrolytes, cathodic polarization, decreagiffyand temperature variations
have deleterious effects on high-strength alloysorddver, all the aqueous
environmental conditions that favour increased biddpction and absorption into
the crack tip fracture process zone increasesttbgsssintensity factor and increase
the crack growth rate.

One of the worst mechanisms in electrolytes istedlao the effect of applied
electrode potential. In particular, for HEAC in higtrength alloys, such as steel,
the stress intensity factor increases with bothreiasing cathodic and anodic
polarization resulting in a decrease of the reststato cracking [5] [12]. As
mentioned in the previous section, accounting fgdrbgen concentration,
temperature, electrolytic environments and cathpdierization effects represents
a very important requirement for investigating antgrpreting the results of the
experimental campaign described in chapter fourfised

1.3 Energy release from fracture processes: acoustic,
electromagnetic, nuclear

When a solid material with specific boundary coiodis is under compression
or subjected to external forces strong enoughddyme cracks, the failure process
occurs. It is known that the fracture energy is actually distributed over the
entire volume of a body; it is, instead, localizzdund a specific zone or stream
that turns into a fracture or crack. For instartigtile materials behave as such
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when “necking” occurs [2]. Part of the strain eneagcumulated is released when
the crack forms and propagates. Carpinteri etugdpased also that shock waves
due to compression rupture induce particularly ghstrain localization in the
solids and then material interpenetration accongzhby an analogous formation
of a high-density fluid or plasma [13] [14].

It is generally known that the brittle failure plo@emena occur with mechanical
energy release. However, they emit additional fowhsenergy related to the
fundamental natural forces. The literature repiras different forms of energy are
emitted during compressive failure of brittle matk. Three types of emissions
have been identified: acoustic, electromagnetic m@gtron emissions [14]. The
most common energy release is the acoustic emis&nThis is a type of
phenomenon due to transient elastic waves propagiatia medium and generated
by rapid release of energy from localized soureeh @s developing cracks. The
AE mechanism is equivalent also at different scafesm the micro-crack
propagating in a rock to the large scale earthqoakine Earth crust. Specifically,
crack growth is accompanied by acoustic emissitnasdnic waves [15]. The AE
has been for the past five years and more incrglgsinosed in Structural
Engineering for non-destructive monitoring techmigiuto assess the damage
progression. Monitoring structures by means ofABetechnique proves possible
to detect the occurrence of stress-induced cratks is possible thanks to
transducers applied to the surface of structueinehts. The transducers exploit
the capability of certain crystals to produce elecsignals whenever they are
subjected to a mechanical stress. The damage dfuatse is assessed by
considering that the released energy is proportitm#éhe number of AE events
detected during the monitoring. In details, for imeg specimerr, known its
volumeV, it is possible to calculate the critical numbémooustic emission Ny
that the structure is able to bear before reacthagritical condition according to

the equationN, ., = N, ., (V/\{)D/S; D is a fractal exponent comprised between

2 and 3, that accounts for a size-scaling effes}. [lhvestigating brittle materials,
the AE technique allows one to characterize fracand damage growth through
the b-value of the Gutenberg-Richter law. This parametdrased on a statistical
model and can be related to the value of the expowé the power-law
distribution of the crack size in a damaged mediurhe b-value changes
systematically during the evolution of the failyme@cess and allowing to identify
the modalities of energy dissipation in a strudtetament. The extreme cases of
the b-value correspond respectively to D=3 (b=ar) D=2 (b=1) [14]. That is,
the critical condition occurs when b is equal t& and the energy dissipates
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thanks to small defects distributed throughoutdinectural element; on the other
hand when b is equal to 1 the energy dissipatethersurface of the material.
Carpinteri and his research team reported thaggmetease obeys a time-scaling
law expressing the direct proportionality amongeasked energyV, cumulative

number of AE eventN and a time parametéﬁ , Wherep, is a time-scaling
exponent of the released energy and it is comphbstdeen 0 and 3, edge values
included [14] [16] [17]. The AE technique implieet collection of many data
throughout the monitoring procedure, such as AEeeeunts, event magnitude
and event source localization. These data are imsptbcedures to calculate the
fractal dimension of the damage domain. Considetirggsize and time scaling
laws and the data drawn from the monitoring itdasgible to use th& parameters
to predict critical conditions, while thb-values can be used to describe the
damage level.

As mentioned above, crack growth is accompanied elBctromagnetic
emission also referred to as EME. This is due #odlectric charge redistribution
when the material failure occurs. Thus, moving gkarproduce a magnetic field.
In 2010, Carpinteri, Lacidogna et al. reported tthating compression tests on
different brittle materials, they measured magnéélds with a frequency range
from 10 Hz to 400 kHz. The EME was investigatedimans of an isotropic probe
calibratedad hocwith a measurement capability range comprised &stwinT
and 80mT. It is interesting that in all specimeastéd EME was detected only
when sharp drops in stress occurred. The tests garied out in displacement
control conditions with a constant rate of disptaeat since, during the loading
process, the stress sharply drops when there epia decay of the material
mechanical properties due to formation of new miumacks. In general, the mode
of energy release, say AE, EME, etc. of a specime&ompression depends on its
intrinsic brittleness, dimensions and slenderndsy [19]. Carpinteri and his
collaborators found that remarkably AE behavesrastidire precursor since it
precedes EME followed by stress drops relatedatctidre propagation [14].

The neutron emission (NE), on the other hand, wahk first time associated
to fracture phenomena investigated in compressets tby Carpinteri et al. [1].
Analogous NE was found by Cardone et al in expeniswevith fluids subjected to
cavitation [20]. It is worth considering the analdgetween experiments carried
out by Cardone and those conducted by Carpintasi. what concerns the
compression tests on rock specimens, as mentioeéareb pressure waves
propagating in the solid material are caused byiquéarly brittle fracture events
during the loading process. Nevertheless, in cheitaexperiments, an external
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source of ultrasounds is the cause of the procadscing the implosion of
bubbles. The NE detected during experiments cordumbth on liquids and solids
were named piezonuclear since they appeared tdriotysrelated to pressure
waves propagation, thus to the mechanical causmdée¢he catastrophic events
observed in cavitation and in fracture formationisl necessary to state that a
worldwide accepted theoretical explanation doesaxidt and what is provided
here is only one of many plausible interpretatithrad is under research and might
provide directions for future work.

1.4 Evidence of neutron emission related to fracture
phenomena: from the laboratory to the earth crust sale

In the Fracture Mechanics Laboratory of the depantnof Structural, Building
and Geological Engineering of Politecnico di Torigdurin, Italy) uniaxial
compression tests on different materials have lbaemed out by Carpinteri et al.
investigating the relationship between the charities of the specimens and the
neutron emission detected [1] [14]. Specimens dfeint materials such as
concrete, Syracuse limestone, Carrara marble, aeeénGLuserna granite were
crushed. NE was detected by means of helium-3 eeuletector and bubble
dosimeter detectors [21].

It is worth spending a paragraph to describe thasmement equipment used
for the detection of neutrons. Since a neutrongargicle with no electrical charge
it does not produce direct ionization in a detecidrerefore, neutron detectors
rely upon a conversion process where an incideufrow interacts with a nucleus
to produce a secondary charged particle. Suchclmiti then detected providing
the information necessary to deduce the neutrosepe. ThéHe type (Xeram,
France) detector used has electronics of pre-aiegtibn, amplification and
discrimination directly connected to the tube conitey the gas. It is powered by a
high voltage power supply of about 1.3 kV througmadule known as Nuclear
Instrument Module (NIM). The logic output of thetéetor is connected to the
NIM, produces transistor-transistor logic (TTL) pe$ and is enabled for analog
signals exceeding 300 mV. Such threshold is dubdasensitivity of the detector
to gamma rays ensuing NE in ordinary nuclear pseEesnd it is determined
measuring the analog signal of the detector exptsedCo-60 source of gamma
radiation. The detector is calibrated for measurthgrmal neutrons with a
sensitivity of 65 counts per second per thermatneawcps/mnerma (£10% declared
by the factory); that is, a flux of thermal neutron/s-chrcorresponds to a count
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rate of 65cps

The bubble detectors are a set of passive neutngsiméters insensitive to
electromagnetic noise and with no gamma sensitivitiiey are based on
superheated bubble detectors (Bubble Technologysinds BTI, ON, Canada)
calibrated at the factory with an Americium-Bemytth source [22] [23]. They
provide instant visible detection and measuremérnth® dose of neutron. Each
detector is composed of a polycarbonate vial filkéith an elastic tissue equivalent
polymer, where droplets of a superheated Freoragadispersed. When a neutron
hits a droplet, the latter immediately vaporizesmiog a visible gas bubble
trapped in the gel. The number of visible bubbles/idles a direct measure of the
equivalent neutron dose with an efficiency of ab@086. By means of these
dosimeters the dose of both thermal and fast nesitican be measured. In
particular BDT type detectors are suitable for ither neutrons (energy E=0.025
eV), while BD-PND type ones are suitable for fasttnaus (energy E > 10Ke\).
The same types of neutron detectors described abave been used for the
measurements conducted during the electrolytic raxgats followed by the
author and they are described in details in Chapserd 5 of this thesis.

For the crushing tests, choosing specimens ofrdiftematerial is important
because each material (e.g. granite, basalt, nmitgyreetd marble) has different
brittleness index and different composition, sdfedént minerals or iron content.
The more brittle the material is, the more catgdtio the failure of the specimen
is. Additionally, the content in iron appeared te &nother important feature
involved in the occurrence of NE. As a matter aftfa&rushing tests conducted in
2009 on marble and granite specimens showed deledtde only during granite
failure [1]. Figure 1 and Figure 2 report resultciushing tests conducted on two
prismatic 6x6x10 crhspecimens of marble (labeled as P1 and P2 in €ijuand
two of Luserna granite (P3 and P4 in Figure 2). €axh specimen, the load (kN)
versus time (min) curve is presented associatdulitgitelevant NE measurements
in terms of count rate (count per second cps) tgitout each loading process. The
neutron emission background level measured wad ém3s8: 1¢ + 0.2- 1 cps.

It is clear that only catastrophic failures, thustemials with brittle behavior
(granite) are accompanied by neutron emission alibee background level.
Therefore, brittleness is a discriminant factoobserve NE when cracks occur.
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As what concerns the machinery used for the expmarisy a servo-hydraulic or
servo-controlled press working by means of digitahtrol unit was adopted. The
management software is TESTXPERTII by Zwick/Roekigk/Roel Group, Ulm,
Germany), while the mechanical parts are manufedtiby Baldwin (Instron
Industrial Products Group, Grove City, PA, USA) eTdpplied force is determined
measuring the pressure in the loading cylinder bams of a transducer. The error
in the determination of the force is 1%, which makea class 1 mechanical press.
The stroke of the press platen in contact with tés specimen is controlled
through a wire-type potentiometric displacememsducer [1].

For granite specimens (P3 and P4) the figures slotear NE peaks
corresponding to the sharp drops of the applied.|¥dhen specimen P3 failed,
the count rate of neutron emission was 283+0®.-10° cps [1]. This
corresponds to an equivalent flux of thermal nengrof 43.6- 16+0.3- 10" Nipermal
(s cn¥). With regards to specimen P4, at the time of #ilere the count rate was
found to be 27.2-10-2+0.2- 10eps which corresponds to an equivalent flux of
thermal neutrons of 41.9-460.3- 10" nyema(s cnt). However, crushing marble
specimens did not produce NE above the averageghmakd level that was
3.8-10%+0.2- 107 cps corresponding to an equivalent flux of thermal tnens of
5.8-10'+0.3- 10" nemal(s cnt).

In 2011 and 2012, new results of three differepesyof tests were published;
that is, quasi-static and cyclic-fatigue testsoat (2 Hz), intermediate (200 Hz)
and high (20 kHz) loading frequencies were caroatl [21] [24]. Specimens of
brittle rocks of Green Luserna Granite of varyimgesand shape were tested to
monotonic displacement control compression, cydbading and ultrasonic
vibration. Table 1 shows geometry and charactesisif the cylindrical specimens
used for displacement control monitoring testsprditer, height and slenderness
are indicated respectively as D, H and H/D.
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Table 1 Geometric characteristics of the Green tnsgs6&ranite specimens.

Granite Geometry of the specimen
specimen

D (mm) H (mm) A=H/D
Pl 28 14 0.5
P2 28 28 1
P3 28 56 2
P4 53 25 0.5
P5 53 50 1
P6 53 101 2
P7 112 60 0.5
P8 112 112 1
P9 112 224 2

It is worth mentioning that while the compressiopperiments were conducted
at Politecnico di Torino, the ultrasonic test wasried out at the Medical and
Environmental Physics Laboratory of the UniversifyTorino (Turin, Italy). In
Figure 3, Figure 4 and Figure 5 are presented th& significant results in terms
of neutron emission detection count rate associatdtieir relevant load curves
for three specimens subjected to uniaxial displacgncontrol compression.
Carpinteri et al. reported that, when failure ocedr only three (P6, P8, P9) out of
nine specimens were associated to NE correspodiagcount rate one order of
magnitude higher than the natural background lezemission measured between
(3.17+0.32)- 18 cpsand (4.74+0.46)- Ibcps In details, specimen P6, P8 and P9
failed with peaks of NE count rates of (25+6.01) &ps (30+11.10)- 18 cpsand
(30+£11.00)- 18 cpsrespectively.
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Figure 3 Green Luserna granite (specimen P6): ¢éoade and NE count rate.

The failure of two specimens (P1, P5) was acconguhiiy a count rate
between two and almost four times the backgrourdewour specimens showed
no significant results. It is evident from the figa that dimensions and geometry
of the specimens are, along with the brittleness¢risgninant factors for the
occurrence of the NE when fracture takes place.

Interesting results were obtained also from thdicyompression test (Figure
6), where the dose of neutrons was measured thootighe entire process by
means of bubble detectors [21]. Figure 6 showsdrdred of the measured dose as
increases above the natural background level thvauigthe test.
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Figure 4 Green Luserna granite (specimen P8): ¢oade and NE count rate.

According to what has been described above, thdtsesoncerning neutron
emission measurement reported by Carpinteri girale to be the evidence of a
strict dependence of a nuclear phenomenon on dletufing process. Specifically,
the neutron flux appears to depend, as mentionfmtdyeon the iron content, on
the brittleness of the specimen and is affectethbysize effect: larger sizes imply
a higher brittleness, a more relevant strain enedgase [2] [25]. It is an
interesting finding that gamma rays have not beetealed so far in the
experiments.
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Figure 5 Green Luserna granite (specimen P9) loackcand NE count rate.

In order to understand such complex phenomenarsfiveneasurements were
made by the research team of Professor Carpirdealyses of the chemical

composition of the specimens tested under commmessn particular, as the

hypothesis implied that the whole failure procesthe material is involved, then

cracked areas of specimens have been investigetedefore, fracture surfaces of
the material were analysed and their compositicaradterized through a Field
Emission Scanning Electron Microscope (FESEM) appglythe technique of the

Energy-dispersive X-ray Spectroscopy (EDX or ED3}][[26]. The average

composition of fracture surfaces was compared &b @h non-cracked surfaces of
the same specimens to investigate the iron confém.general outcome was that
the specimens seemed to have higher iron condemntran non-cracked surfaces
than they had on fracture surfaces. Additionalighbr contents in aluminium and
magnesium were found on the fractured areas wipees to the non-damaged
surfaces [21].
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Figure 6: Green Luserna granite: equivalent neutiase in cyclic compression test.

In detail, analyses were conducted on two crysilfihases present in Luserna
Granitic specimens used for the crushing testsngite and biotite [26]. These
two minerals are common in the Luserna stone, Bpaity, 20% phengite and 2%
biotite. The EDS technique showed again interestingrage differences when
comparing the composition of the external non-dadagurfaces to that of
fractured ones. The phengite analysed on the fimswrface had on average 2.2%
(mass concentration) less iron than that on thereat surface had. Analogously,
the biotite on the fracture surface had on avef#geless iron than that on the
external surface. Nevertheless, the average mam®wwation of the aluminium
was 2% higher in the phengite of the fracture sarfénan it was in that of the
external one. Similarly, considering the biotitee taverage mass concentrations of
aluminium, silicon and magnesium were respectitebpo, 1.2% and 0.7% higher
on the fracture surface than they were on the eatesurface. Although the author
of this thesis did not include any reference in Hieliography, he assisted in
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analyses of the composition that were also conduatespecimens of magnetite
before and after crushing tests. The iron decrenmentagnetite was found to be
of 27.9%, compared to an overall increment of 27.iPolighter elements.
Although the percent variations might seem rel&ivew and coincidental, they
might represent important indirect evidence, ifraghed from a specific point of
view. Considering such compositional differencesoamted to the NE flux
measured during the crushing of the specimensdale could be interpreted as
“two faces of the same coin”: the neutrons and amsitjpnal variations can be
interpreted as direct and indirect proofs of piemd@ar reactions triggered by
brittle fracture in solid materials. Under the ligbf this new approach and
consistent with the experimental data, new typesfisdion reactions were
proposed by Carpinteri et al. Two of the most iny@alr involve iron, aluminium,
silicon and magnesium as follows:

Fee - 2 ALY + 2neutrons 11

Fes » Mg’ + SE+4 neutron 1.2

Recent studies showed that there is a connectitveba what Carpinteri and
his research team found in the laboratory and ¥b&ugon of the Earth, especially
in terms of the composition of the crust [27] [289]. In the history of our planet
the composition of the Earth crust changed oveetifh is known from the
literature that 3.8 and 2.5 billion years ago samishl changes occurred in
correspondence with an intense period of activitieotonic plates [27]. Figure 7
shows the evolution of concentration of most imaotrtmetals composing the
Earth’s crust: iron (Fe), nickel (Ni), aluminium IjAand silicon (Si) [29]. A
stepwise pattern of variation of the metallic cosifon in Hadean and Archean
Earth’s protocrust and in Earth’s continental cigstepresented. Considering the
entire life of our planet and all the most abundememical elements [30] [31]
[28], it can be seen how ferrous elements have aliaally decreased in the
Earth's Crust (-12%), whereas at the same time ialum and silicon have
increased (+8.8%) (Figure 7) [32].
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Figure 7 Metallic composition evolution of the Hestcrust.

Observing Figure 8, it is not just a remarkablencimience that the largest iron
mines and reservoirs are distributed on the contédd=arth’s crust in areas with
low seismic risk and relatively far from fault limeOn the contrary, the largest
reservoirs of aluminium are located relatively elos fault linesFigure 9Figure 9
[32].
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Iron reservoirs:
A more than 40 Mt/year
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Figure 8 Distribution of iron reservoirs on the tinantal Earth’s crust.

Figure 9 shows such aluminum reservoir distributtonEarth with respect to
andesitic formations, subduction lines and plagadhes on the continental Earth’s
crust. The evolution of most important alkaline (K&, alkaline earth metals (Ca,
Mg) along with the oxygen concentration on the Eartrust follows a stepwise
pattern as it is illustrated in Figure 10. Masscpatage concentration patterns in

Hadean and Archean Earth’s protocrust and in Eartiontinental crust were
studied [29].
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Figure 9 Distribution of aluminium reservoirs onrtsa

An increment in magnesium (+3.2%), which then tfamsed into carbon, may
be assumed as the origin of carbon-rich primordithospheres. Similarly,
alkaline-earth elements have strongly decreased7%B whereas alkaline
elements (+5.4%) and oxygen (+3.3%) have increaBed.appearance of 3.3 %
oxygen represents the well-known Great Oxidationeriv (Figure 10), a

phenomenon that led to the formation of oceanglamarigin of life on our planet
Figure 10 [29].
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According to what has been discussed above retattite experimental data
and knowledge about the evolution of the Eartherées of piezonuclear reactions
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was conjectured by Carpinteri et al. (Table 2). SEhdission reactions were
hypothesized from proofs obtained from EDX analysefsactured specimens and
also contribute to explain the changes of the caitipn of different
environments on Earth throughout its long evolumgrprocesses.

Table 2 Piezonuclear reactions hypotheses.

Earth’s Crust Evolution

(1) Fes — 2AE+ 2 neutron

(2) Fe: » Mg, +SFE + 4 neutror
(3) Fes » Cd) + G’ + 4 neutror
(4) Coy — AlZ +SiZ + 4 neutron
(5) Ni%s — 2 SiZ?? + 3 neutron:
(6) Nijs — NaZ’ + CI% + 1 neutror

Atmosphere evolution, Ocean Formation and Origin of

Life
(7 Mgy, - 2C¢
®) Mgy, — Naj +H;
9) MgZ; - Og + 4H; + 4 neutron
(10) Capy — 3G +H¢
(11) Cayy » Kig +H)
(12) ca} - 20° + 4H + 4 neutror

1.5 Chemical evolution in the solar system

Even in the case of the other planets of the ®yatem there is experimental
evidence that can be interpreted in the light ezpnuclear fission reactiofi8].
In particular, the data coming from different sywen the crust of planet Mars,
made available by the NASA space missions oveptst 15 years, suggest that
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the increase in certain elements (iron, chlorimg argon) and the concomitant
decrease in others (nickel and potassium), togetiterthe emission of neutrons
from the major fault lines in the planet, shouldl la¢ considered as strictly
correlated phenomena [33] [34] [35]. These dataigma clear confirmation that
seismic activity has contributed to the chemicabletion of the Red Planet.
Similar experimental evidences are concerning Mwgrcdupiter (its Great Red
Spot emits considerable fluxes of neutrons), anel 8un itself [28]. The

piezonuclear phenomena are triggered by earthquakescky planets and by
storms in gaseous planets. In the Sun, for exartidedrastic decrease in lithium
appears to be due to the fission of the same fithinto helium and hydrogen.
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2 BRIEF HISTORY AND LITERATURE OF COLD FUSION

Before starting from the event leading to the demeient of the research of
cold fusion, it is worth mentioning the vast worlf the Los Alamos
experimentalist, Edmund Storms, as described invwisbooks on Cold Fusion.
He introduces his first book, in which his expedermn the cold fusion research is
summarized, saying that after reading all thatlesesy published on the matter, he
IS certain the basic claims are correct and areezhbby a previously unobserved
nuclear mechanism operating in complex solid stinast [36]. Storms is one of
the most known and accredited researchers of caklord, which gives
significance to his statement. This means that eaucleffects occurring in
condensed matter are somehow real. However acgptdirStorms such novel
effects occur only in unique and very small locasiodefined as “nuclear active
environments” within the matter [36]. What is reéat to as Cold Fusion, is not
cold in absolute terms of course. It can be comsitieold when compared to Hot
Fusion, which involves high-energy physics, ang ihot normal fusion as it is
based on solid state physics and chemistry [36hiA&torms states that what is
taught and thought to be true in nuclear physiaslg partially correct and, in the
preface of his book his words are: “A totally unkxpd environment, in which
nuclear interaction can take place, apparentlyewghin solid materials” [36].

2.1 Origins and facts about cold fusion

The origin of the research of Cold Fusion couldcbaveniently fixed to a
specific date: March 23, 1989. That day Profesddestin Fleischmann and
Stanley Pons announced publicly that they founéva process to induce nuclear
fusion [36]. In particular, they described an alechemical process to induce the
nuclear fusion of deuterons [37]. After this numerascientists and researchers
started working on reproducing what was calledRtleeschmann and Pons effect.
In time, new and interesting results came out: reafde heat production, traces
of new elements and also occasional neutron emisditat had to be interpreted
as consequences of some nuclear phenomenon. Rlg/sacid chemists started
guestioning what was traditionally known about eaclquantum mechanics and
the relationship between chemistry and nuclear iphy{88]. The study of Low
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Energy Nuclear Reactions (LENR) became the keyhw ihterpretation and
understanding of the massive amount of experimeddtd. If nuclear reactions
occur in condensed matter, say ordinary matter,etiergy involved had to be
lower than those related to fission and hot fu§8gj.

Several proofs of anomalous nuclear reactions doguin condensed matter
have been observed in phenomena of electrolysispiiethe great amount of
experimental results coming from the so-called Qéictlear Fusion and LENR
research activities, a full comprehension of thesenomena is yet to be achieved.
However, as reported by most of the articles del/tieCold Nuclear Fusion, there
are some common particular features: the exceds theaneutron emissions and
the appearance of micro-cracks on the metal hoshgldoading processes,
especially when palladium was used [36].

Kaliski, Winterberg and their co-workers [28] prded some interesting data
about fission-fusion processes. Kaliski et al. stigated neutron emission from
explosive compression and implosion fracture preegsApparently, the pressure
involved in the different phenomena favoured théssion of neutrons. This could
be interpreted as a support to the idea of piedeaucreactions occur in
radioactive solids [40] [41]. Winterberg et al. posed to implode dense
thermonuclear plasma by a shell of fissile matetila¢ ignition of the plasma
would release neutrons that caused fission reactiothe imploding shell [42].

Professor Yoshiaki Arata of the Osaka Universityaleped a “solid fusion”
reactor carrying out experiments on the so-calleddQusion [43] [44]. He
experienced that Palladium nano-particles were @blabsorb deuterium atoms
from D2-pressurized gas. Stimulating the deuter&édarticles with ultrasonic
waves resulted in simultaneous excess heat “kted emission without any
hazardous rays. Arata stated that this was thdt refsintense deuterium fusion in
the host metal lattice, which he referred to agldakion.

As regards to other nuclear effects, R.P. Taleyarkteported observations of
tritium decay and neutron emission associated with collapse of bubbles in
deuterated acetone [45]. In details, such obsemnativere considered as due to
deuterium-deuterium fusion reactions occurring ime timploding bubbles
generated by acoustic cavitation. Hydrodynamic khaadculations indicated that
highly compressed bubbles formed in a temperatanglion range from 10to
10’ kelvin, and the neutron emission was about 2.5anieV.

Other most relevant papers on the so-called Coldlddn Fusion describe
broad experimental activities conducted on elegtiolcells powered by direct
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current and filled with ordinary or heavy watergains [36]. Considering what
Fleischmann and Pons proposed in 1989, apparemyPalladium electrode
reacted with the deuterium coming from the heavyewaolution [37]. Later
works reported that Pt and Ti electrodes had a&snhelectrolyzed with heavy
water (DO deuterium oxide) to produce extra energy and atenelements
previously absent [36]. Extra energy has been misasured during electrolysis
with Ni cathodes and JD-based electrolyte. Furthermore, it was affirmieal &
voltage sufficient to induce plasma electrolysimegates a large variety of
anomalous nuclear reactions when Pd, W, or C cathatk adopted [46]. In many
of these experiments conducted in electrolytic 'emrihents, the generated heat
was calculated to be several times the input enengy the neutron emission rate
was measured to be more than twice as high asattieahbackground level [36].

In 1998, Dr. Tadahiko Mizuno presented in his b&idkclear Transmutation:
the reality of cold fusion” a wide list of brighhd dark side aspects related to the
topic of cold fusion [47]. Together with Storms, 2dho is one of the most
dedicated scientists to cold fusion. He documentgderous data concerning his
and his collaborators own daily research experielmcgeneral, he built his own
“cold fusion cell” experimenting on it and describi the results of various
measurements he conducted. Neutron (2.45 MeV) Was detected to be a
million times smaller in proportion to the heatrihiais in hot fusion. Heat was the
main feature and neutrons appeared sporadically [Mizuno electrolytic cell”
with its anode, cathode and electrolyte operatetDat°C and 10 atmospheres of
pressure. Dr. Mizuno documented proof of tritiumd amuclear transmutation
effects involving the metal lattice [47]. In lateorks, Mizuno reported that most
evident excess heat was obtained through the donditf plasma electrolysis
achieving simultaneously electrolysis and pyrolysis water with KCO;
electrolyte [48]. Conducting EDX measurements, rd@ments such as Ca, Fe,
Zn, In and Ge where observed. Also in his previexperiments, Mizuno
observed isotopic changes of reaction products P&Jadium cathodes were used
and subjected to electrolysis in heavy water. Ressihowed that the isotopic
distribution of certain elements measured on thieocke surface differed from the
natural distribution. Elements such as N Pb, Fe (¥j and Pd were investigated
noticing that the isotopic distribution of Pd, PidaPt on the surface and in the
electrodes deviated from the natural isotopic abnnds. More important, it was
noticed that cracks formed on the surface of palladelectrodes during
electrolysis. These results suggested that nudleamsmutation reactions took
place during the electrolysis process.
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Later, in 2002 Dr. Philipp M. Kanarev and Mizungoeted other results about
transmutation of atomic nuclei during many hoursptisma electrolysis [49].
They investigated alkaline and cathodic materiatafse using iron cathodes
(99.90% of Fe) immersed in KOH and NaOH solutiodthe chemical
compositions of the surface of the iron cathodeevamalysed and new elements
appeared after the experiments. EDX spectroscoated the presence of Si, Cr,
and Cu on the electrode that operated in KOH smiytnd Al, Si, Cl, Ca, Cr and
Cu on the one in NaOH. These findings are imporéadence of compositional
changes due to nuclear phenomena related to pklsetaolysis of water.

In 2007 and later on, Dr. Pamela A. Mosier-Bossilefpresented interesting
anomalous results related to detection of energetigrged particles emitted
during Pd/D co-deposition experiments [50] [51]. d#w-Boss and her
collaborators used plastic polymer CR-39 (not Chuomy as a solid state nuclear
track detector of the charged particles. In the 3BRdetector, they observed pits
generated during the co-deposition that had feataoasistent with those of pits
that are of nuclear origin.

It is, now, necessary to focus the attention orséhstructural and physical
alterations observed on materials and metals adaptell laboratory experiences
mentioned so far and other related to them. Thergbtion of a wide range of
surface damages such as holes, pits, cracks amdangicks in metal cathodes and
other electrodes after hours of testing is well ufoented [36] [47] [52].
Specifically, the presence of cracks is to be actmli thoroughly. In fact,
formation of crack and microcrack is one centrakdee that connects cold fusion
research to piezonuclear effects. Above all, piagtgar fission reactions, as
illustrated in the first chapter of this thesisy@abeen specifically investigated
considering fracture mechanics-related effects.elbeless, numerous related and
remarkable data arise from nuclear physics. Chdragsisted phenomena like the
ones related to the electrolytic environment mergtabove, represent the perfect
case study. Electrochemical and nuclear phenomeret fracture processes in
such a complex environment. Thence, concepts likehanical stress relief and
metal embrittlement cannot be left aside when itigasng crack formation and
stress propagation processes.

There are cases in literature where scientista@yressociated nuclear with
pressure-like conditions: in fact, the term “pieaclear” was used when referring
to particular nuclear fusion conditions. For insnback in 1986, Van Siclen and
Jones referred to piezonuclear fusion when invastig variations of the density
of collection of hydrogen isotopic molecules [53]hey calculated a rough
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theoretical estimate of the rate of fusion of nudie a deuterium molecule
predicting an increase in fusion rate as the dgmditcollection of molecules is
increased.

In 1990, Professor Giuliano Preparata reportedtéhes “fractofusion” and
“fractoemission” as referring to emission of chatgearticles of both signs and
electromagnetic radiation ensuing mechanical psesesf formation of fractures
in solids [54]. Preparata suggested that crack$édcgenerate sufficient voltage
gradient and/or temperature to initiate a hot faswithin a crack itself.
Furthermore, neutrons detected from fractofusionhmaisms-related studies have
energies close to those relative to hot fusion.

Nevertheless, Storms suggested that cracks couds beell considered as the
locations of LENR processes in a material, becagpecific nuclear active
environments appear to form when cracks are prat[88] [55]. It was proposed
that resonating structures in crack processes wodlete fusion nuclear reactions
between hydrogen isotopes trapped in microcracks.

It is, however, important not to confuse hot fusiith LENR; they are
mechanisms substantially different from one anotReeparata once wrote that
“the mechanisms occurring in the condensed matmaich more subtle and
powerful than it has been hypothesized and stuged until now” [38].

Very recently, in actual fact, a theoretical intetation about disintegration
and fission of nuclei has been proposed by Profegsitan Widom and Yogendra
Srivastava. They have been investigating neutrois®oms as a consequence of
nuclear reactions taking place in iron-rich rocksimg brittle fracture and micro-
cracking [56] [57]. Widom and Srivastava presentata of iron nuclear
disintegrations observed when rocks containing sumetlei were crushed and
fractured. The resulting nuclear transmutationsewgairticularly evident in the
case of magnetite rocks and iron-rich materialggémeral. The same authors
argued that neutron emissions might be relatedidmoplectric effects and that
fission of iron may be a consequence of the phstoidigration of the same nuclei.

As it was presented above, numerous former andtltgsts appeared to have
various analogies to Cold Fusion research: newtnghalpha particle emissions as
well as excess heat. Additionally, specific presstonditions were often involved.
In general, for what concerns the products, traweéHe were found to be
produced when deuterium or hydrogen isotopes wergept. Proofs of a variety
of nuclear reactions were investigated and led leeove that some of those
reactions occurred at a rate sufficient to generagasurable excess heat.
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Although hazardous radiation might be produced,réfteoactivity did not reach
harmful level [36]. At the same time, appreciablriations in the chemical
composition of the materials involved in brittle @mracture processes were
detected.

2.1.1 Nuclear anomalous effects and Piezonuclear fission

According to the data reported in the previousisecit is evident that plenty
of metal materials were in strict contact to expemtal electrochemical
environments. The latter are rich in hydrogen bimniden. Therefore, hydrogen
embrittlement of the metals composing the elecsdékel, Ni, Fe, Ti, etc.) has to
be taken into account. Such phenomenon is striethted to crack processes as it
was mentioned in section 1.2 of Chapter 1. It $saanatter of fact, an important
aspect of a much larger mechanical interpretationuclear effects observed and
investigated as of now.

Taking Considering the many data collected by Qaepi et al. about NE and
compositional variations on the crust of the Eaathd considering also what is
known about cold fusion, the ensuing question cdddwhether a mechanical
interpretation of LENR and chemical assisted nucteactions (CANR) effects
can be provided according to the piezonuclear igsis. Recent studies have
been considering piezonuclear reactions relategatthquake and also triggered
by them [24]. Therefore, according to what has bstadied by Carpinteri and his
research team, piezonuclear phenomena could beveldsat different scales, in a
number of various environments that present, thpugpecific analogue
conditions. As it will be described in more detailthe next chapter, a specific
experimental campaign has been conducted by therot this thesis for the very
reason of investigating the repeatable and comroaditions that are involved or
are thought to trigger mechanisms of piezonucleactions.

However, before going further, it is necessary tersl some words
summarizing what is known and believed about pieztar reactions. The
conjecture that can be drawn from the data isfibsibn nuclear reactions occur in
solid material whenever they are subjected to nchhloading and brought to
failure. Not any failure would do the trick thoudgbbservations suggest that brittle
fractures must occur and the bigger the specimeahaanore evident the NE is. In
fact, size alone is not enough; there is a depexdem the slenderness and
brittleness index of the specimen or solid bodyengding rupture. Specifically,
given that formation and propagation of microcraeksl nanocracks in solid
matter induce pressure waves at very high frequéhesaHertz), anomalies of the
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nuclear structures, say neutron and alpha emissimuld be triggered by such
dynamic phenomena.

Needless to say, investigating structures of nuofeielements composing
materials where anomalies such as those mentidima dsee also Chapter 1) are
observed, is of great importance. Even small diriat from conventional
assumptions concerning the condensation densitydéar matter, the concept of
an average binding energy per nucleon [39] coulek hegnificant implications.
Based on the experimental evidence concerning pietear fission, it would
suffice to assume that a nuclear structure faiho@urs along weak lattice planes
within the nucleus, similar to the cleavage fragsuknown to occur in very hard
and strong rocks. A subsequent question would newhat if the nucleus is
studied as a structure that under the right amolioad cracks?”

Briefly anticipating what will be thoroughly desioeid in Chapter 5, the nucleus
could be studied from a geometrical perspective tisdimensional lattice, where
the bonds between nucleons are struts and tiestranchucleons themselves
occupy the nodes. Most of the models in nuclearctire theory do not provide
particular details predicting fission fragment sj28]. Generally, the liquid-drop
model (LDM) predicts symmetrical fission (the matimeicleus divides into two
equal daughter-fragments).Only by adding an asymyme@rameter LDM
predictions are made to agree with experimental (@incerning for example the
fission of U*). The shell model predicts fragments containingsel shell
(*magic”) numbers of nucleons, but detailed fragingimes are not predicted. In
contrast, a lattice model would focus more on fragts resulting from the
mechanical rupture of a structure. Also a varietyfragment sizes can be
predicted, depending on what fracture (fissionnplés considered through the
lattice. For this reason, Chapter 5 will show hbe fattice model has been used to
compare theoretical predictions with the experirakfindings concerning the
piezonuclear effects observed at different scales.
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3 MECHANICAL INTERPRETATION OF NUCLEAR
EFFECTS IN ELECTROLYSIS EXPERIMENTS WITH
NICKEL -IRON ELECTRODE

As mentioned in the introduction to this thesise tAuthor conducted an
experimental activity focused on the use of antedggic cell. Relevant results
were already presented to the Society of Experiateantd Applied Mechanics
(SEM) conference in 201[39] and in 2014 [60]. The aims were to investigate the
mechanical effects on the electrodes used in arretdhemical process and then
identify nuclear phenomena involved in the procesgarticular piezonuclear. In
this Chapter the first part of the experimental pamgn will be described. To
develop this part of the campaign it took a totabant of 38 hours. The activity
was conducted using a Ni-Fe (nickel-iron alloy) émcand a Co-Cr (cobalt-
chromium alloy) cathode immersed in a potassiurbaaate solution. Emission of
neutrons and alpha particles was monitored dutiegekperiments and compared
to the background level of the environment where #xperiments were
conducted. The composition of both electrodes wasyaed both before and after
the electrolysis. After showing the results of teperiments the author will
present an interpretation of the features obseried.attention will be focused on
those results suggesting that piezonuclear fissbogsir in the host lattice of the
material composing the electrodes. The symmetfission of Ni appeared to be
the main and most evident feature. Such reactiamdveroduce either two atoms
of Silicon or two atoms of Magnesium with additibrf@agments as alpha
particles. The results also suggest that piezoaudigsion reactions are likely to
occur in correspondence to micro-crack and maaaokcipropagation on the
electrode surfaces, that is, where the metal éisienore sensible to HE effects.

3.1 Experimental set-up

This section describes the equipment used for #perément. The circuits
providing the voltage difference to the electrode®e presented. The main
component of the equipment has the general chaisicie of a traditional
electrolytic cell as it is shown in Figure 11 andHigure 12.
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Figure 11 Equipment for electrolysis: power box foa left), electrolyte jars, electrolytic
cell (on the right).

Figure 12 Electrolytic cell: glass cylindrical cairter sealed with Teflon lids.
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First of all, it is necessary to mention Mr. Alesdeo Goi and his collaborators.
They constructed the electrolytic cell and its powapply circuit (Figure 11).
They have been experimenting on it over the pastrsgears and two years ago,
started collaborating with Professor Carpinteri.tA@ moment of the writing of
this thesis, he was the coordinator of the PhD ssattended by the author. Mr.
Goi provided Carpinteri with the cell (Figure 12) @rder to allow his research
team to conduct their tests on it. In such conti,author started following the
experimental campaign related to the electrolygit @he latter was built in order
to be appropriately filled with a solution madevediter and Potassium Carbonate
(K2CG,). The electrolytic phenomenon was obtained usimg metal electrodes
immersed in the aqueous solution. The solution ainat, named also reaction
chamber in the following, is a cylinder-shaped edamof 100 mm of diameter,
150 mm high and 5 mm thick. For the reaction chamtve different materials
were used during the experiments: Pyrex glass moxd AISI 316L steel. The two
metallic electrodes were connected to a sourceirettdcurrent: Ni-Fe based
electrode as positive pole (anode), and Co-Cr ba$ecirode as negative pole
(cathode). Figure 13 shows the electrodes useth&experiment: from the left
hand side of the picture to the right one, a Calltry cathode and a Ni-Fe alloy
anode. Figure 14 shows the dimensions of the elde$:; in particular, only one
electrode is represented as geometry is the santetio cathode and anode. In the
figure three different regions of the electrodes amarked to indicate where the
chemical composition was measured: the upper pasedo the tip, the middle
part and the lower part right above the threadefdse.
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Figure 13 Electrodes: Co-Cr alloy cathode (on #fg And Ni-Fe alloy anode.
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Figure 14 Electrodes geometry and dimensions.
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With regard to the experiment described in the ewesresearch, after
approximately 10 operating hours, generation ofksavas observed on the glass
container, which forced the author to adopt a nt@sistant reaction chamber
made of steel; this will be further discussed ictisa 3.4. Teflon lids were sealed
to both top and bottom cross sections of the chamb&o circular Inox steel
plates held insulated Teflon layer lids of the d¢Blimeans of four threaded bars.
The reaction chamber base consisted of a ceramie preventing the direct
contact between liquid solution and Teflon lid (§égure 12). Two threaded holes
hosted the electrodes, which were screwed to thiorhoof the chamber
successively filled with the solution. A valve &ettop of the cell allowed the
vapor to escape from the reactor and condense iex&érnal collector. The
inferior steel flange of the reactor is conneciedotur supports isolated from the
ground by means of rubber based material. Figureepbrts the scheme of the
power supply directly connected to the electrodes® cell through two poles. A
direct current reached into anode and cathoderetixs, provided by the power
circuit connected to the AC (alternate current) pbyp(220 V, 50 Hz) of the
national grid. The components of the circuit suppythe electrodes with a
voltage difference were linked in series as follpesergy meter measuring the
input energy provided by the AC supply grid, anctlenic variable transformer
(Variac) of the voltage, and a diode bridge reatifythe AC into direct current
(DC). Also a voltmeter and an amperometer were ected to the poles directly
linked to the electrodes in order to monitor inpottage and DC intensity. A
voltage control wheel was also present in the ditoox in order to regulate the
voltage provided to the electrodes (Figure 16).

Energy Voltmeter
R Variac Diode

| Bridge

AC supply
220 V ~
S0 Hz v

| Amperometer

Figure 15 Power circuit diagram.

Figure 16 illustrates the experimental set up aftrme measurement equipment.
From the figure it is visible the steel electratytiell (left), the neutron counter
(top) connected to the tube containing thé tgpe neutron detector (top right), the
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bubble neutron dosimeters, voltmeter and amperometer and the power box with
the small energy meter display and the voltage control wheel .

‘—Power circum

Figure 16 Experimental set up of the measurement equipment.

Different physical quantities were measured duting experiments, such as
voltage, current, neutron and alpha particle emmnssiElectric current and voltage
probes were positioned in specific points of theut as it is shown in Figure 15
and Figure 16. The voltage measurements were pagtbby a differential voltage
probe of 100 MHz with a maximum rated voltage 00Q4/olts. The current was
measured by a Fluke | 310S probe with a maximuredraturrent of 30 A.
Particular attention was paid to the data obtaifiech the current and voltage
probes positioned at the input line powering thactien chamber in order to
evaluate the power absorbed by the cell. From tag &witch on) to the end
(switch off) of the electrolytic process, curremdavoltage were found to vary
respectively in a range from 3 to 5 A, and fromtd0120 V. For convenience,
these values were considered as a benchmark toobwated to further
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measurements that could be undertaken in futusarels.

For the description of the neutron emission detdti® reader should check the
Introduction Chapter, section 1.4 “Evidence of nemtemission related to fracture
phenomena: from the laboratory to the earth creaes.

For what concerns the alpha particle emission,58D-k probe (Figure 17)
with a sealed proportional counter was used, wiichnot require refilling or
flushing from external gas reservoirs [61]. Thel@avas sensitive to alpha, beta,
and gamma radiation. An electronic switch alloweel dperating mode “alpha” to
detect alpha radiation only, such that in this mtue radiation recognition was
very sensitive because the background level washmower. A removable
discriminator plate (stainless steel, 1 mm) distisged between beta and gamma
radiation detection. An adjustable handle coulddo&ed to the most convenient
orientation. During the experiments the 6150AD-&lq@ was used in the operating
mode alpha to monitor the background level befokafter switching on the cell.

Figure 17 6150AD-k alpha and beta detector.

Finally, before and after the experiments EnergyspbBisive X-ray
spectroscopy had been performed in order to reseguirect evidence of
piezonuclear reactions that could take place dutiegelectrolysis. The elemental
analyses were performed by a ZEISS Auriga fieldssian scanning electron
microscope (FESEM) equipped with an Oxford INCA rgyedispersive X-ray
detector (EDX) with a resolution of 124 eV @ MnKEhe energy used for the
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analyses was 18 KeV.
3.2 Results of detection of neutron and alpha emissions

Above all, it is necessary to point out that besiffgha and neutrons, beta and
gamma rays were qualitatively investigated, howewer proofs whatsoever of
such radiation above save levels were to be founidgithe experiments.

Neutron emission measurements performed duringeiperimental activity
are represented in Figure 18.
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Figure 18 Neutron Emission cps measurements.

The main features observable from the figure akpef emissions measured
during the experiments and reaching values betwéeand 10 times the
background level. The average neutron emission draokd level of the
environment was measured and it is reported iffigluee. It corresponded to 5.17
+1.29 x10° cps. The measurements performed by thé Hetector were
conducted for a total amount of time of about 268reoThe background level was
measured during different time spans before swigghin and after switching off
the reaction chamber. Furthermore, during the aelivity, it was possible to
observe that after a time span of about 200 minoézdgron emissions about 4
times higher than the background level were recmghi After 650 minutes from
the beginning of the measurements, it was posgibtdserve a neutron emission
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peak of about one order of magnitude greater tharbackground level. Similar
results were observed after 1200 minutes (20 h@nd)1500 minutes (25 hours),
when neutron emissions respectively about 5 tinmeks 10 times higher than the
background were measured.

In Figure 20, the alpha particle emission measunesnare reported. The data
are related to an alpha emission level monitorechbgns of the 6150AD-k probe
set to the operating mode “alpha”. The measurensdrdan in figure are referred
to the data acquired for a time interval equal@®@®seconds (60 minutes).
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Figure 19 Alpha emission count rates during eldysis.

Such measures were taken when the reaction chawdseoperating. On the
other hand, the data in Figure 20 represent théwaalparticle emissions
corresponding to the background level. They wertiobd by measurements
acquired when the cell was not operating in a 3&fbnd window, in order to
detect a sample of the natural alpha emission [&vile environment.
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Figure 20 Alpha emission background level.

From these figures, it can be noticed that the rermnd§ counts per second
acquired by the probe increased considerably winen electrolytic cell was
operating (Figure 20). In addition, the averageueal of two alpha emission
incremental time series were computed, one whendhevas switched on and the
other when the cell was off. The first time serishpwed an average alpha
emission of about 0.030 c/s (cps count per secombgreas the second one
provided the background emission level in the latmyy with an average value of
about 0.015 c/s. It is evident that the averagbaalparticle emission during the
electrolysis is two times higher than the backgtblevel one. These results,
together with the evidence of neutron emissionntep in Figure 18, were
particularly interesting once having considered t@mpositional variation
described later on in this Chapter. In fact, theyvpd useful to corroborate the
hypothesis of piezonuclear fission of importantrofeal elements constituting the
electrodes.

In Figure 21, the cumulative incremental time serieshe alpha emission
counts are also reported.
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Cumulative alpha emission
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Figure 21 Cumulative alpha emission.

The data corresponding to the measures acquirédgdelectrolysis are reported
in black (Alpha emission), while the alpha emissiamcremental trend
corresponding to the environment background lesepriesented in red (Alpha
background). It is evident from the figure how thetal amount of counts
monitored when the cell was operating (10.91 cpas3$ approximately twice the
value measured for the background level (5.42 cps).
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3.3 Superficial chemical composition of the electrodesand
piezonuclear effect interpretation

The initial measurement phase implied the use @fhergy Dispersive X-ray
spectroscopy (EDX) technique to obtain measuremestessary to evaluate the
chemical composition of the two electrodes befbeedxperiments. In particular, a
series of measures were repeated in three diffesgions of interest for each
electrode in order to obtain a sufficient amountedfable data. Such regions are
the upper, the middle and the lower part of thglsielectrode (Figure 14).

In Figure 22, concentrations of each element faumdhe surface of the Ni-Fe
electrode used for the electrolysis is indicatechmsaverage mass percentage of
the total concentration measured by means of thé §iectroscopy.
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Figure 22 Chemical composition of the Ni-Fe anode.

The original composition of the un-used Ni-Fe gled¢ (anode) is as follows:
approximately 44% nickel (Ni), 30% iron (Fe), an@% oxygen (O). The
remaining percentage includes traces of silicor, (®anganese (Mn), calcium
(Ca), aluminium (Al), potassium (K), sodium (Na)agmesium (Mg), chlorine
(CI), and sulphur (S), observable only in tradégire 22).
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In Figure 23, the composition of cobalt-chromiudowlcathode is shown. The
percent average mass concentration of each elefoentl on the electrode is
displayed.
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Figure 23 Chemical composition of the Co-Cr cathode

The cathode was composed approximately by 44% tc@Da), 18% chromium
(Cr), 4% Fe, 25% O, and traces of other elemertis as Si, Al, Mg, Na, wolfram
(W), copper (Cu), and sulphur (S).

The solution as well, was analysed in order to iobt@ clear chemical
composition, thus deposited dry residue was exddacbm 500 ml of solution and
its composition was measured. Table 3 summarizesréisults of the EDX
spectroscopy compositional analysis conducted erdtiz deposited residue. The
aqueous solution of potassium carbonate sal€(@+H,0) had a solute (}CO;)
to solvent (HO) ratio of approximately 40 g/I.
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Table 3 Composition analysis of dry deposited rasiof the aqueous solution.

Element Weight% Atomic% Compound% Formula

C 13.02 22.05 47.72 CO
K 43.40 22.57 52.28 10
O 43.58 55.38

Totals 100.00 100.00 100.00

As already mentioned, Energy Dispersive X-Ray Spscbpy was performed
in order to investigate the surface of the ele@soand its changes throughout the
process of electrolysis. Proofs of connections betwsuperficial changes of the
electrodes and piezonuclear effects were expldneprticular, the powerful tools
of the FESEM were used to acquire a series of imagfethe surface of the
electrodes, in order to visually studying its at@n. As a matter of actual fact,
Figure 24, Figure 25, Figure 26 and Figure 27 shpecific images of the surface
of both Co-Cr cathode and Ni-Fe anode.

Figure 24 Portion of the Co-Cr electrode surfadetaethe experiment.

The images were taken both before the experimehatiar the exposure to the
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process of electrolysis. Technical details of timages are reported on the black
stream at the bottom of each figure.

In Figure 24, the image of the surface of the Coeléctrode was taken by
means of the FESEM prior subjecting it to the etdgsis process. In Figure 25,
the external surface of the electrode after sevsmats of exposure presented a
rougher conformation and more evident micro-craégure 24 shows a surface
generally smoother than that of Figure 25, withyvienww localized micro-cracks.
After the exposure to the electrolysis the surfateéhe cathode appears to be
strongly altered by the process: a trench with\adest micro-crack at its bottom
is displayed in Figure 25.

Figure 25 Portion of the external surface of the@electrode after electrolysis.

The Ni-Fe anode presented similar and more eviddterations that are
observable comparing Figure 26 to Figure 27. Aftany hours of exposure to the
electrolytic process the morphology of the Ni-Fefate was severely altered.
Moreover, evident microcracks were diffused over whole surface of the anode
(Figure 27).
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Figure 27 Surface of the Ni-Fe electrode aftertebdysis.
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The duration of the electrolytic process was brokea three different phases
in order to better investigate possible compositiorariations on the electrodes’
surface. Table 4 summarizes the average concemsatf the most important
elements identified on the surface of the anodmel phase.

Table 4 Average mass concentration of the eleneamgposing the Ni-Fe electrode.

Ni (%) Si(%) Mg (%) Fe (%) Cr(%)

Before the experiment 43.9 1.1 0.1 30.5 -
After 4h 43.6 1.1 0.4 30.7 -
After 32h 35.2 5.0 0.2 27.9 -
After 38h 35.3 15 4.8 27.3 3.0

Average concentrations of Ni, Si, Mg, Fe, and @& aported in detail: the
electrodes’ composition was investigated througtfiedint EDX measurement
sessions, that is, before the experiment, afteoutd) after 32 hours and after 38
hours of electrolysis. The first analysis was eafrout to evaluate the composition
of the electrodes before they underwent the ellysiso experiment (0 hours),
(Table 4). The second analysis was conducted afténitial operating time of the
electrolytic cell of four hours. After this, a tHimand a fourth step analyses were
performed. For these two steps, the cell operaie@8 and 6 hours respectively,
corresponding to a cumulative working time of 32h%28h) and 38 hours
(4h+28h+6h) (see Table 4).

Figure 28 summarizes the mass concentration pagestof nickel measured
on local spots of the surface of Ni-Fe anode. Teasures are displayed on the y-
axes as a percentage of the total concentratiaieofients measured on precise
spot of the Ni-Fe electrode. On the x-axes thessjpaestigated are labelled by a
numbers from 1 to 15, being the spots 1 to 5, 8Gcand 11 to 15 chosen in
regions of interest respectively around the tipthie centre and above the base of
the electrode. Two series of measures are showespmnding to the condition
before the experiment (in black) and after 38 hafuelectrolysis (in red): fifteen
points are indicated for each series along withrédevant average value M and
standard deviatioa.
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Figure 28 Local measures of nickel concentratiothenNi-Fe electrode.

Figure 29 shows the measures of Si concentratkentan local spots across
the electrode surface.
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Figure 29 Local measure spots of Si concentration.

Standard deviatios and relevant average concentration M and are atefic
with the latter displayed as a straight line. Alsathis case, the series in black
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corresponds to the points measured before the iexpetr; and the one in red to
those taken after 32 hours of electrolysis.

Figure 30 reports the Mg concentration measuretbcal points spread over
the surface of the anode.
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Figure 30 Local Measure spots of Mg concentration.

The measures are expressed in percent mass ca@tcemtiTwo series are
displayed: the black one comprising the spots aeduiefore the experiment and
the red one concerning fifteen measures condudted 28 hours of electrolysis.

Average concentration M of each series is represeagain as a straight line and
the standard deviationis indicated.

Analogously, Figure 31 shows the points with iram@entration acquired on
the surface of the electrode. Also in this caseblaek and red series were taken
respectively before and after the exposure to 8llh8urs of electrolysis. The
average M of each series is shown again togethbrtiné standard deviatian
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40 Fe concentration in Ni-Fe electrode
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Figure 31 Series of measures of Fe concentration.

Figure 32 reports the evolution of Cr concentrataken on the surface of the
Ni-Fe electrode after 38 hour of exposure to etdysis.
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Figure 32 Series of fifteen measures of Cr conediotr.

The measures from 1 to 5 were taken on the sudhdtlee upper part of the
electrode (close to the tip); from 6 to 10 wereetalon the central part of the
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electrode; the last five were acquired on the serfaf the lower portion, close to
the threaded surface.

In the APPENDIX, more detailed graphs of EDX measuents for each
element illustrated above are reported (FigureFegyre 65, Figure 66, Figure 67
and Figure 68). The evolution of their local (serigf 15 spots) and average
concentrations (histograms) with relative standdediations was investigated at
different stages of the electrolytic process: bethe experiment (0 hours), after 4,
after 32, and after 38 hours of electrolysis.

Considering the overview of the variation of cheshicomposition of the Ni-
Fe anode reported in Table 4, interesting obsematcould be made. Firstly, the
Ni concentration showed a total average decrea®:66b from 43.9% to 35.3%
after 38 hours (see Table 4 and Figure 28). Thiddyiletion is one fourth of the
initial Ni concentration.

Secondly, an average increment in Si concentradfter 32 hours of 3.9%
(Figure 29) and an average increment in Mg conagatr after 38 hours (Figure
30), starting from 0.1% up to 4.8%, can be obserfveth the data reported in
Table 4.

Similar considerations may be done also for Fe eotnations. The average Fe
content decreased of 3.2%, changing from 30.5%7®89% at the end of the
experiment (Table 4 and Figure 31).

On the other hand, one of the most evident featisrélse appearance of Cr,
before absent on the nickel-iron electrode, as rtegoin Figure 32. Cr
concentration appeared only in the last phaser;, @88ehours of electrolysis, with
an appreciable increase of 3.0% (see Table 4).

The decreases in Ni and Fe seem to be almost pggréecinterbalanced by the
increases in other elements: Si, Mg, and Cr. Irtiqdar, since the analysis
excluded any Ni content variations on the otherQZosathode, the following
interpretation of the data could be consideredelationship involving Ni, Si and
Mg was conjectured¥li (-8.6%) = Si (+3.9%) + Mg (+4.7%) Under the light of
the neutron and alpha emission detected, suchiorlaiould be reasonably
explained admitting a contribution from the follogi symmetrical piezonuclear
fission reactions:
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Ni% - 2SiZ + 2 neutron 3.1

Ni3 - 2Mg? + 2He} + 2 neutror 3.2

At the same time, another correspondence couldobereed:Fe (-3.2%) =
Cr (+3.0%). This could be explained either by consideringanic effect of the
electrochemical process, either associating ihédollowing reaction:

Fed - CL +Hé 33

It is very interesting to point out that reactioBd and 3.2 imply neutron
emission, whereas, reactions 3.2 and 3.3 implyaalpdrticle (nuclei of helium
He) emissions. Such implications result theordiicabnsistent to the neutron and
alpha emission events recorder throughout the ewpat. Thus, the nuclear
phenomena might have plausibly contributed to #mgation of the composition of
the Ni-Fe anode.

As far as the Co-Cr electrode is concerned, it passible to observe even
more evident variations in the concentrations @f thost abundant constituting
elements. Table 5 summarizes the average massntmataa of the most notable
elements identified on the cathode. The data redart the table correspond to
four different steps of compositional measurembafore the experiment, after 4
hours of electrolysis, after 32 hours and at the @rthe electrolytic process after
38 hours of experimentation.

Table 5 Average concentration of elements constijuhe Co-Cr electrode.

Co(%) Fe(%) Cr(%) K(%)
Before the experiment: 44.1 3.1 17.8 0.5

After 4h 43.7 1.6 17.8 2.2
After 32h 20.6 26.3 9.7 12.9
After 38h 34.4 6.6 5.1 4.4

Figure 33 shows in detail the evolution of Co caricaion measures before
the electrolysis (in black) and the after 32 hqursed).
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Figure 33 Series of measures of Co concentratiadh@Co-Cr electrode.

Figure 34 and Figure 35 show analogous resultseroimy the evolution of
concentrations of respectively Fe and Cr on the&C€oathode.
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Figure 34 Series of measures of the Fe concentratiacCo-Cr electrode.

In each figure the evolution of concentrations rmead before the experiment
and after various hours of electrolysis is reparted
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30 Cr concentration in Co-Cr electrode
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Figure 35 Series of measures of the Cr mass camatient on the Co-Cr cathode.

Figure 36 shows the presence of K concentratioer aftarious hours of
electrolysis.
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Figure 36 Measures of the K concentration befoeesttperiment and after 32 hours.

In the APPENDIX, details of the evolution of contration of elements
constituting the Co-Cr electrode at different stagkthe experiment are displayed
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(Figure 69, Figure 70, Figure 71 and Figure 72).

Considering the variation overview of the cathodenposition reported in
Table 5, also in the case of the Co-Cr electroderésting observations were
made. First of all, it was noticed that the aver@geconcentration decreased by
23.5%, from an initial percentage of 44.1% to acemtration of 20.6% after 32
hours (Figure 33).

At the same time an increment of 23.2% was obseirvékde Fe content after
32 hours, changing from 3.1% before the experinert6.3% at the end of the
second phase (see Table 5 and Figure 34).

It is rather impressive that the decrease in Co thadincrease in Fe are
comparable considering the following relationsi@o: (-23.5%) = Fe (+23.2%)
According to the compositional analysis on the HWi-electrode no Co
concentration was found on the anode that could Usato consider the chemical
migration to explain its depletion in the Co-Cratfede. Hence, the relationship
expressed above could be associated to the folipreiaction:

Co - Fe; +H + 2 neutror 3.4

This nuclear transformation contributes to explgie variation in Co and Fe
content on the cathode and it is theoretically =best to the neutron emission
peaks detected during the experiment.

Examining the data in Table 5, Figure 35 and Fi@@&git was noticed that Cr
and K local and average concentrations vary throughlifferent phases of the
experiment. The Cr average concentration decreaisablout 8.1% after 32 hours
of experiment. Such variation associated to thecagmce of Cr on the anode
could be explained as the result of a galvaniccefiéthe electrochemical process.

Additionally, the K concentration increased by ab®@.4% after 32 hours.
This could likely be an effect of deposition of®0O; constituting the aqueous
solution.

However, Cr and K variations could be studied flaomother point of view. The
decrease in Cr concentration (8.1%) on the catlpadially counterbalanced the
increment in K with an exceeding 4.3% variation.neke, the possibility of a
contribution of K coming from a nuclear transforioat was considered. The
following piezonuclear reaction involving Cr as tstarting element and K as the
resultant was conjectured:
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Cr2 - K¥ + Hel + 2HE + 4 neutrol 35

It is important to remark that both reactions 3dd &3.5 imply neutron
emission, while reaction 3.5 alone implies also ¢ngission of alpha particles,
which is theoretically consistent to the experinabmtroofs of nuclear emission
reported in the previous section. It is also imgotto reconsider the relationships
observed for Ni-Fe anode (associated to reactidhs32 and 3.3) and for Co-Cr
cathode (associated to reactions 3.4, 3.5). Thag wbetained considering the
values of the second or third EDX measure sessioresponding to the larger
variation for each element concentration (Tabled Bable 5).

Additional variations observed for some of thes&nts, such as Si, Co and
Fe, between the second and the third session ofures could be explained
considering other secondary effects and possil@eopiuclear reactions occurring
in the metal electrode lattice. Supplementary &Sfatevoted to evaluate the
evidence of secondary fission transformations wargrogress by Professor
Carpinteri research team at the moment of themgritif this thesis.

All the results and visual proofs listed upon umidw suggested that in
hydrogen rich environments such as electrolyticspribe host metal lattice of
electrodes was subjected to mechanical damagindractdring due to HE caused
by H atoms absorption and penetration in the mé&kdar proofs of a diffused
cracking were identified on the electrode surfdter dahe experiments (see Figure
24 and Figure 25, Figure 26 and Figure 27). Acewydd such considerations, the
author argued that hydrogen, favouring the crack&tion and propagation in the
metal, comes from the electrolysis of water. Irt,faeing the electrodes immersed
in a liquid solution, their surface is exposedtte formation of gaseous hydrogen
especially at the cathode due to the decompositiamater caused by the current
passage. More in detail, such cracking process nesgonsible for triggering
nuclear effects that were identified through véeiatof chemical composition and
nuclear emission detection.

3.4 Comments and experimental issues about equipment dn
measures

It is important for the sake of science to provadbrief overview of the issues
encountered regarding equipment and measurement.

First of all, after setting the rig and the instents, a particular problem came
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up during the initial hours of electrolysis. Spéasafly, the container of the cell

underwent cracking in the first 5 hours of useld tell and the liquid solution

inside started leaking. Such problem forced thé@uto disrupt the experiment

and substitute the container of the cell. The fiesiction chamber was made of
high resistance Pyrex glass. However, it seemesbnedole to assume that it could
not withstand the variation of temperature involuedhe electrolysis process and
so it cracked. Such outcome forced the author &mgé the reaction chamber and
use a more resistant one made out of steel.

Another minor issue was related to the procesdlioigfthe electrolytic cell. In
particular, the equipment was set so that the amild be filled only manually.
When the cell was powered and the voltage differénduced the electrolysis, the
temperature of the liquid gradually rose up to bleding point. Hence, gas was
generated due to the electrochemical process atitetohange of phase. As the
gas was collected in an external reservoir, thestalvly emptied. Thus, in order
to keep the electrodes always immersed in theisalaind keep the process going
it was necessary to manually refill the cell wituid solution when the level was
too low.

On the other hand, it is important to spend fewaneords on the difficulties
related to the acquisition of the chemical compasiof the electrodes. A slight
inconvenience was also encountered when elaborafieg numerous data
concerning the chemical analyses. The latter wenelucted measuring the local
composition of specific spots chosen all over thdage of the electrodes. The
first difficulty was related to the choice of thegions of interest that had to be
investigated on the electrodes surface. Specifemotal characterizations were
made on local spots spread on the surface. A sanondvenience was the choice
of how many spots were to be considered in orderotkect a statistical reliable
amount of data. For this reason series of fiftegintp were elaborated in order to
assess the local evolution of the concentrationeath noteworthy element
identified on the electrode. However, certain seniepresented in the graphs
reported in the previous section and in the appehaie less than fifteen points.
This is explained thanks to the fact that in sopecHic spots no concentration of
the element under investigation was detected.
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4 MECHANICAL INTERPRETATION OF NUCLEAR
EFFECTS IN ELECTROLYSIS EXPERIMENTS WITH
PALLADIUM CATHODE

The experiments described in Chapter 3 were chaiaetl by remarkable
neutron and alpha particle emission, together ajthreciable variations of the
chemical composition of the electrodes. Taken foanted the electrolytic
phenomenon and the relative effects, the resultse waxplored from the
perspective of the piezonuclear approach. A mechaméason for the so-called
Cold Nuclear Fusion was worth considering. The bgdn embrittlement due to
H atoms produced by the electrolysis played anngiséeole in the observed crack
propagation in the material of the electrodes.drtipular, it affected the nuclei of
the elements composing the host metals (Pd, Ni,. @gnsequently, the
hypothesis was that piezonuclear reactions occurrambrrespondence with the
micro-crack formation. In order to repeat the resobtained with Co-Cr and Ni-
Fe electrodes, electrolytic tests have been comductsing different metal
electrodes: 100% Pd cathode and Ni-Ti alloy anddein the first experimental
campaign, also in this second campaign compositichanges and traces of
elements before absent were studied on both Pilaelkéctrodes after the process
of electrolysis. NE was monitored once again by mseaf the same equipment as
it is described in Chapter 1, section 1.4 “Evident@eutron emission related to
fracture phenomena: from the laboratory to theheamist scale”.

It is necessary to mention that throughout thisssdeexperimental campaign
current intensity and voltage were not monitoredttes focus was not on the
energy consumption and production, but rather enntlechanical and chemical
alteration of the electrodes. Nor the alpha parteission was monitored as an
appropriate alpha detector was not available atntbenent of conducting this
campaign. Moreover, the analysis of the Pd cathveale given higher priority in
order to explore and broaden the hydrogen embméie effects connected to
nuclear products. This is also justified by thet fiwat during electrochemical
processes such as that one under investigation cttbodic polarisation
environment is the one region of interest wheregas hydrogen is formed.
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4.1 Neutron emissions measurements

Neutron emission measurements performed duringefperimental activity
are represented in Figure 37.
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Figure 37 Neutron Emission measurements.

Emissions between 3 and 10 times the backgrourel \eere observed during
the experiment. The measurements performed by ¢helétector were conducted
for a total time of about 24 hours. The backgrouedel was measured for
different time intervals before switching on andeafswitching off the reaction
cell. These measurements reported an average nebaokground of about
(3.23£1.49)x 10 cps. Furthermore, when the reaction chamber wiageait was
possible to observe that after a time interval 8 4ninutes neutron emissions
about 3 times higher than the background level weadgnized. After 545
minutes from the beginning of the measurementsjas possible to observe a
neutron emission level of about one order of mamglet greater than the
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background level. Similar results were observedr&f200 minutes when neutron
emissions up to 7 times the background were medsiitge detection of such
peaks of neutron emission suggested that alsdsrcéise nuclear phenomena were
involved during the electrolytic process.

4.2 Compositional analysis of electrodes: palladium chabde

In this section an analysis of chemical compos#itaken before and after the
experiments is considered. The author in collabmmatvith Professor Carpinteri
research team studied as well the evolution ofl land average concentrations of
each element identified on the surfaces of the w®lectrodes. Moreover,
observations of surface alteration of the cathddeé électrode) are presented
below as it was already done in the first experitmenampaign in Chapter 3.
Firstly, features and considerations concerningRHeelectrode were taken into
account. Subsequently, comments about the anod@&i(alioy electrode) were
elaborated as dealt with later on in next section.

Results of EDX analyses conducted on the Pd eletaye summarized in
Table 6. Average concentrations of elements founthe cathode before and after
the electrolysis (20 hours) were compared.

Table 6 Composition of Pd electrode.

Element AVERAGE CONCENTRATION AVERAGE VARIATION

Before the Experiment (% After 20 hours (%, (negative for decrease) (%)

O 0.0 18.5 +18.5
Na 0.0 0.2 +0.2
Mg 0.0 1.0 +1.0
Al 0.0 0.4 +0.4
Si 0.0 11 +1.1
K 0.0 15 +1.5
Ca 0.0 0.2 +0.2
Cr 0.0 0.5 +0.5

Fe 0.0 2.0 +2.0
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Co 0.0 0.2 +0.2
Cu 0.0 3.0 +3.0
Pd 100.0 71.3 -28.6

A detailed imaging analysis was conducted on tHiagiam cathode thanks to
the FESEM. Images and macro images of the surfceneo electrode were
acquired after the electrolysis and they are st in Figure 38, Figure 39 and
Figure 40.
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Figure 38 Image of the surface of the Palladiunotedele.

Proofs of cracking were particularly strong in ttese of the Pd electrode,
where a major fracture took place after the tés$sa matter of fact, a remarkable
longitudinal crack formed on the surface of thehode after more than 20 hours
of electrolysis. The crack opening was more thamtdOum wide and it was
visible to the naked eye (Figure 40).
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100pm

Figure 39 Longitudinal crack found on the cathode.

Under the light of neutron emission peaks measussduming hydrogen
embrittlement occurred at the cathode and on tlsshaf previous studies of
Carpinteri et al., the evident microcracking of tehode surface was accounted
for to explain the whole process through a mectanicterpretation of the
phenomena. The idea underlying such interpretatias that the damaging and
cracking of the palladium electrode triggered nacleactions contributing to the
chemical variations of the composition of the aledt itself. These considerations
found confirmation in the experimental resultsteé EDX spectroscopy analyses.
Proposed reactions are listed later on in thisi@eassociated to the chemical
variations of the elements found on the electrdti the electrolytic process.



Chapter 4 65

20dm

Figure 40 Magnified zoom of the microcrack.

Figure 41 reports the series of measures conductessess the evolution of Pd
local concentration measured in precise spots dpaeeoss the cathode surface.
Fifteen different points of the surface have betewlied. Pd concentration taken
before the experiment (in black) was compared &b thken after the electrolysis
(in red); the average concentration M (straight izwottal line) and the
corresponding standard deviatiemre reported in the figure.
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Figure 41 Series of measures of Pd concentrati®dialectrode.

Figure 42 shows that on the cathode no Fe concdiemtravas detected before
its use in this experimental campaign. Only aftérurs of electrochemical
process the EDX analysis revealed the presence ohFhe Pd electrode.
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Figure 42 Fe concentrations measured on the etirgorface after the electrolysis.

Other elements were detected on the cathode surfadg after the
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electrochemical process. These elements are cgloxygen, magnesium, silicon
and potassium.

Figure 43 summarizes some results showing verylddaehces of Ca revealed
on the cathode. Interesting peaks were detectedugh the average concentration
of Ca after the experiment is quite low.
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Figure 43 Traces of Ca concentration have beerc@et@fter the electrolysis.

The series of data represented in Figure 44, omtier hand suggested that the
oxygen deeply interacted with the Pd electrode. fitesence of the Oxygen was
remarkable after the experiments. Although, thedded deviation is quite high,

the average concentration of oxygen measured teefif local spots reaches
18.5 %.
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Figure 44 Series of measures of O concentration.

In Figure 45 it is possible to read the values @f dbncentration measured on
the Pd electrode. The magnesium presence on thedeatvas evident after the
experiment, while there was no trace of it beftiedxperiment.
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Figure 45 Series of measures of Mg concentratioR@electrode.

Traces of potassium and silicon were also founitliaslescribed in Figure 46 and



Chapter 4 69

Figure 47 respectively. EDX results of Si concemdraresulted in a value of
standard deviation higher than the average corat@ntrof silicon itself. This was
due the anomalous peak concentration corresponalipgint 15.
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Figure 46 Potassium concentrations have been ddtealy after the experiment.

Si concentration in Pd-electrode A

=

4 After electrolysis

—
%)

—
[=]

Concentration (mass%o)
o0

M=1.1
4 - G=3.6
2 -
A A A
0 & & & & & & & & ; : & & 2 : ‘
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

number of measure
Figure 47 Traces of Si concentration in Pd ele&rod

Analyzing the overview listed in Table 6, specifiansiderations were made in
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order to interpret the data. First of all, it waticed how remarkably the global
average concentration of Pd decreased86 %) throughout the electrolytic
process. Such variation was associated to theAwifpreaction:

Pd,>® - Calt+ Feg+10 neutron: 41

According to reaction 4.1 the average Pd decredsmld have been
counterbalanced by increments in Ca and Fe coratEmr corresponding
respectively to 10.8% of Ca and 15.1% of Fe accomgpaby a remaining
quantity of 2.3 % of the mass concentration eqeivilo the released neutrons.

Secondly, the whole iron increase, hypothesizedrdaty to reaction 4.1,
could be entirely considered as mother elementlwedoin a transformation for
the production of other elements. Hence, a secoteéar reaction was proposed
involving Fe as mother element and O as daughtetyst together with alpha and
neutron emission:

Fel - 30°+ Hel + 4 neutron: 4.2

According to reaction 4.2 the Fe depletion produabdut 12.9 % of O with
alpha particles (nuclei of helium He) and neutramssions that are theoretically
consistent with the NE measurements.

The average O concentration, before absent onat®de, increased after 20
hours of experimental activity up to 18.5%, (Tale Composition of Pd
electrode.), this quantity seemed to be partiablynterbalanced by the formation
of O coming from reaction 4.2. The remaining 5.6840concentration could be
explained considering other reactions involving (@aughter product of reaction
4.1) as mother element:

Cay — Mg+ O;f 4.3

Caje - 20;°+ 4H, + 4 neutron 4.4

The nuclear transformation 4.3 was associated talearease of Ca
concentration of 1.6% and to the formation of 1.00%6Mg and 0.6% of O.
Furthermore, reaction 4.4 justified a decrease aft@centration equal to 5.9%,
an increase of 4.7% in O concentration and 0.6%4, icorroborating the NE peaks
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measured considering neutron release equal to mérgdd.6% in mass.

It is necessary to point out that the total O iaseepredicted by reactions 4.2,
4.3 and 4.4 is equal to 18.3% in mass. This is sirperfectly comparable to value
of average O concentration equal to 18.5% expetiatignmeasured through EDX
spectroscopy on the Pd cathode at the end of duotrelytic process. Hence, the
proposed reactions are theoretically consistentth® relative experimental
evidence.

At the same time the Mg increase observed afteretteriments can be
explained by the results of reaction 4.3 (TableA&cording to reactions 4.3 and
4.4 the following relationships were consider€d: (-1.6 %)= Mg (+1.0 %) +O
(+0.6 %), Ca (5.9 %) = O (+4.7 %) + H (+0.6 %) + neutrons (+0.6 %)
Taking into account these transformations and cemsig the Ca increase
predicted by reaction 4.1 (10.8%) a concentratibd.8% of Ca was yet to be
counterbalanced.

For such purpose, additional reactions involvingaSanother element and Si,
K and C as the daughter products were proposed:

Ca - K¥+ H? 4.5

Cay ~ Sfy+ &’ 4.6

The following relationships were associated to ribxctions aboveCa (-1.6
%) = Si (+1.1 %) + C (+0.5 %); Ca{1.5 %)= K (+1.5 %)

Finally considering the formation of 0.2% of Ca m@@d after the experiment
the total Ca increase predicted by reaction 4.1dcbe perfectly counterbalanced.
In fact, the average Ca decrease measured was teq@l8% and the total Ca
involved by reactions 4.3, 4.4, 4.5 and 4.6 wa$%0which gave a difference
equal to 0.2 % equal to the final average Ca cdnaton measured. At the same
time the variation of other elements predictedh®y piezonuclear transformations
proposed was confirmed by the measurements obtaifted the experiments
summarized in Table 6. In fact, they are consistenthe measured values of
average variations of Mg (1.0%), Si (1.1 %) andlk6 (%) (see Table 5Figure 45,
Figure 46, Figure 47).

However, with regards to the iron, its average cosiifpnal increase (+2.0%)
measured on the Pd electrode could be interprédedha a galvanic effect, since it
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is similar to the compositional Fe decreas2.q %) measured on the Ni electrode
as it is described in the next section. The presefid concentration on the Pd

cathode could as well be explained as depositifactedf the solute. Nonetheless,
it is necessary to state for the sake of scienaethie presence of copper (Cu in
Table 6) measured on the Pd electrode after 20shafuexperimentation could not

be explained.



Chapter 4 73

4.2.1 Analysis of nickel-titanium alloy electrode

Let us consider the nickel-titanium alloy electrd@mode). Table 7 lists the
composition of the anode in terms of average magsentration percentage of the
elements found on the surface of the electrodeal$b summarizes the
concentration variations after the electrolysis.

Table 7 Composition variation of Ni-Ti electrode.

Element AVERAGE CONCENTRATION AVERAGE VARIATION

Before the Experiment (% After 20 hours (% (negative for decrease) (%)

C 0 0.8 +0.8
O 2.0 21.5 +19.5
Al 0.0 1.8 +1.8
Si 0.3 1.1 +0.8
K 0.0 2.7 +2.7
Ti 3.4 3.0 -0.4
Cr 0.2 0.1 -0.2
Mn 0.0 0.1 +0.1
Fe 2.4 0.4 -2.0
Ni 91.6 68.5 -23.1

It was observed that nickel diminished of aboutl23. while the most apparent
positive variation was that of Oxygen (+19.5%)wts worth noticing that the
average concentration decrease in F2.Q%) was comparable to the average
increase in Aluminum (+1.8%). Figure 48, Figure #ggure 50 and Figure 51
show the series of localized concentrations medsurefore and after the
experiments. In particular, when an element avem@ygentration is zero the
corresponding series is absent: for instance, @n Nh electrode surface the
Aluminum had not been detected before the eleci®fable 7, Figure 51).

In Figure 48, two series of fifteen points eachvsltioe measured concentration
before (in black) and after 20 hours of electray@n red). An average variation
between the two series of about 23.1% was observed.
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Figure 48 Series of measures of Ni concentratioNiehi anode.

A remarkable variation of the oxygen concentratwais observed after the
experiment as it is illustrated in Figure 49.
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Figure 49 O concentration local measures on Ninbide.

The average value of O concentration changed fromass percentage of 2.0%
before the experiment to 21.5% after 20 hours efteblysis.
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Details of local variations of iron and aluminumncentrations on the anode
surface are presented in Figure 50 and Figure 51.

16 o Fe concentration in Ni-electrode
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Figure 50 Local measures of Fe concentration.
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Figure 51 Series of measures of Al concentratiomdoafter the experiment.

The average value of Fe concentration changed éromass percentage of 0.4% at
before the experiment to 2.4% after it. The present aluminium was not
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detected on the electrode before the experimertobly after the electrolytic
process traces of it were found.

On the basis of the piezonuclear reactions conjectine Oxygen average
variation was assumed associated to nuclear effiectshe following piezonuclear
reaction was proposed involving the nickel as moghement:

Ni5; — 30,°+ 2He) + 3 neutron 4.7

A second hypothesis associated to the variatidfeiand Al concentration was
considered concerning the iron as mother elematiam aluminum as daughter,
thus the following reaction was proposed:

Fee — 2Al7 + 2 neutron: 4.8

A third hypothesis associated to the silicon cotegion variation was made
considering the silicon as daughter element:

Ni, — 2SiZ + 3 neutron: 4.9

Reactions 4.7, 4.8 and 4.9 implied emission of no&ist which was
theoretically consistent to the NE peaks measurad. main idea underlying the
hypotheses outlined above was that an averageadecd 23.1% in nickel was
associated to a reaction producing at least 18.B#xygen together with alpha
and neutron emissions.

Secondly, an average depletion of 2% in Fe prodabedit 1.9% of aluminum
accompanied again by neutron emissions.

Thirdly, another average decrease in Ni of about cthitributed to produce
silicon (+0.9%) releasing more neutrons. Considgrine standard deviations
corresponding to each average concentration mehdoeéore and after the
experiment (Figure 48, Figure 49, Figure 50, Figbt® the three considerations
outlined above were summarized according to théovidhg relationships:Ni
(—23.1%) = O (+18.8%) +Si (+0.9%) + alpha + neutrond-e (-2.0%) = Al
(+1.9%) + neutrons

Excluding the potassium increase (+2.7%), which Icobe explained

considering the deposition of the salt containethi solution, the variations of
other elements’ are lower than 1% and could belovked.
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Chapter 5

5 INSIGHT INTO NUCLEAR QUANTUM MECHANICS
THROUGH A LATTICE MODEL

The presence of diverse groups of models basedifteredt assumptions
explaining properties and characteristics of a ewsl strongly suggest that
knowledge of nuclear structure is not a “closed ptéd in Physics [58].
Moreover, recent studies on piezonuclear fissioacttens, occurring in the
Earth’s crust and triggered by earthquakes andebribcks failure, provided a
good opportunity for old questions concerning naclstructure to be addressed
once again in the light of new phenomena suggesiivéow-energy nuclear
reactions.

From a structural point of view, there is a needaomodel that can be
approached also in terms of geometry. Therefore Ghapter deals with a nuclear
lattice model that is used to approach the pieZeanceactions from a numerical
point of view. Such nuclear lattice model has beelvocated by Cook and
Dallacasa as a unification of the diverse modeéxlua nuclear structure theory
[62] [63], but, remarkably, the basic lattice structwas first proposed by the
originator of the well-established independentipkrtmodel, Eugene Wign¢64]
[65], in 1937 — work that was explicitly cited inshiNobel Prize notification. The
lattice model has previously been used to simul@tethe mass of fission
fragments produced by thermal fission of the adésj and (ii) the transmutation
products found on palladium cathodes after elegisl as reported in various
experimental studief66] [47] [67]. With regard to the underlying nuclear lattice
model, the antiferromagnetic face-centered-cubix)(flattice with alternating
proton and neutron layers is the most suitable inmdesarious reasons: (i) from
theoretical research on nuclear matter, it is kndavbe the lowest-energy solid-
phase packing scheme of nucleons (NE8J; (ii) the lattice structure reproduces
the quantum number symmetries of the independeniclgamodel (IPM) (the
entiren-shell and-Im-subshells of the shell model), while being basethe local
interactions of the liquid drop model (LDM); (iijecause of the identity between
the nuclear lattice and the IPM, the approximatelean build-up procedure is
known and implies a specific 3D structure for amyeg number of protons and
neutrons with known quantum numbers, which candpresented in Cartesian
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space.

Several decades of development of the lattice madejgested that the
gaseous, liquid, and cluster-phase models of cdioreal nuclear structure theory
can be unified within this specific lattice mod®loreover, the lattice lends itself
to straightforward application in explaining diféeit fission modes [58]. The
earlier simulation results were concerned withidigsfragments from uranium
nuclei and transmutation products from palladiunotdpes (experimentally
reported by Mizuno in 1998 and 2000 [47]). In ordercarry out simulations
strictly connected to concepts and contents withenresearch of this thesis, the
Nuclear Visualization Software (NVS) renamed as iuia Nuclear Dynamics
(QND) software [58] was used by the author. Suctwswoe is available and
downloadable for free fromvww.res.kutc.kansai-u.ac.jp/~caok

Anomalous nuclear reactions observed by Carpisterd'search team were
taken into account. Specific nuclear lattice sutes were modelled to
numerically reproduce the nuclear products obseféel fracture and fatigue
experiments. In addition, the lattice approachvedid to compute a probability
related to each possible fission reaction. The giooity values obtained for the
anomalous reactions could then be used to predattleast interpret the evolution
of the abundance of product elements in the Eathist, ocean and atmosphere
through the piezonuclear hypothesis drawn fromnatooy experimental proofs.

5.1 Geometric Reproduction of fission reactions throughthe
lattice model

As mentioned before, the nuclear lattice model psed by Cook and
Dallacasa was used to simulate the piezonuclesiofiseactions by constructing
individual isotopes, in accordance with the lattiméld-up procedure, and then
simulating the cleavage of the lattice along vasidaitice planes. The starting
points for the simulations were therefore the narcktructures of the elements and
those known to be abundant in the Earth’s crusaytaghd in previous eras (see
Introduction, section 1.4 “Evidence of neutron esiua related to fracture
phenomena: from the laboratory to the earth crestey). Although other nuclear
structure models have been developed since thes1880fcc lattice was the most
suitable to simulate the anomalous reactions riceligcovered because of its
clear structural implications. Generally, the siatidn begins with a 3D lattice
structure of specific isotopes based on the taiatlver of neutrons N and protons
Z. By simulating the fission of the nucleus asacfure occurring along a certain
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section plane across the lattice, “fragments” apelyced, and correspond to the
post-fission daughter nuclei.

The quantum mechanical foundations of the lattiogl@hand its relation to the
Schrédinger wave-equation have been discussed lsewbut, for the purposes
of the simulation, it is sufficient to describe th#tice structure in Cartesian space.
That is, the mean position of each nucleon can dietl in relation to its
quantum numbers by means of the following equa{it8k

x=2m(-1)(m+ 12 5.1
y=(2j+1-x)(-3"" " 5.2
2= (2n+3-x | y)(-1 " 5.3

n, m j, s, i are the quantum numbers that describe the enéatgy/ for a given
nucleon [39]. Equations 5.1, 5.2 and 5.3 are datidcem a rigorous, self-
consistent representation of the IPM in three-disie@mal space. In accordance
with the known quantum mechanics of nuclear stateach nucleon is
characterized by a unique set of five quantum numbehich define the precise
energy state of the nucleon, as described by thed8mger equation [39]. The
spatial origin of this wave is a function of theaé coordinates X, y, z. Hence, for
any isotope, knowing that each nucleon belongsdertain energy level given by
the values of its quantum numbers, it is possiblednsider the 3D lattice of
nucleons as a representation of its quantum mechlsstate.

Piezonuclear reactions cannot be defined as taditifission reactions, since
temperature and energy conditions are not equitédetnose involved in thermal
neutron-induced fission. For this reason, it iswasnent to verify that these
anomalous reactions may be correctly describechen @QND simulations. To
simulate this new kind of fission, it was assumeat fractures propagated in the
nuclear lattice along their crystal planes. Follogvithis approach, two distinct
fragments are produced from any considered reacfibeir characteristics are
given by the software in terms of fragment stapilifission threshold energy
related to a certain fracture plane, and numbegprofons and neutrons in each
fragment. The resulting elements can be deducead fhe characteristics of the
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fragments obtained at the end of the simulatione &malysis of the nuclear
characteristics is described in the next sectiamglwith the isotopes obtained
from the piezonuclear reactions. Important consitiens were made concerning
the neutron emissions from the anomalous nuclemtioss measured during the
experiments. They could be deduced by investigahegstability of the resulting
fragments. In fact, it was assumed that unstaldéofes with an excess of
neutrons were likely to induce neutron emissiorepemding on local binding
characteristics, in order to reach more stable eaucktates. These emissions
deduced from the model were then compared with ekgerimental results
reported by Carpinteri et al.

5.1.1 Application of the model through the QND software

The QND software simulates lattice structures up48D nucleons and
calculates fission results regarding seventeererdift section planes for each
given nuclide. In actual fact, many more lattican@s are available for simulation,
but the electrostatic repulsion between the protorthe two fragments is much
greater for lattice planes that break the lattiteicture into approximately
symmetrical fragments, so that many low-repulsisymmetrical fission events
are ignored. A single simulation consisted in fusicly the nucleus along one
single plane at a time, breaking only the bonds ¢banected the two fragments.
It is understandable that the choice of the fr&cplanes is affected by the lattice
structure and, therefore, by the position of thelemns with respect to the x, y, z
axes. Being the lattice model drawn from crystatpipy implies that all the
planes used for the simulations correspond to timeipal crystallographic planes
[58]. In particular, the seventeen planes used Hey QND are parallel to the
horizontal, vertical and inclined (45°) planes pagghrough or near the origin of
the axes. Each plane is identified by a number ftam17, as shown in Table 8.

Table 8 Fission planes and their identification bens in the QND software

Fracture Plane Equation
1 X=2
2 x=0
3 X=-2
4 z=-2
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5 z=0
6 z=2
7 y=2
8 y=0
9 y=-2
10 -X+y+2z+1=0
11 -X+y+2z-1=0
12 X—y+2z+1=0
13 X-y+2z-3=0
14 -X-y+z-1=0
15 -X—-y+2z+3=0
16 X+y+z-1=0
17 X+y+z+3=0

More than twelve reactions derived from direct andirect experimental
evidence were simulated by means of the QND aldffigrent fission planes, each
considering a different mother element (Table 2)s Mentioned in the
Introduction, the elements known to be involvedthie piezonuclear reactions
were introduced in the numerical simulations. Suelactions were strictly
connected to: (i) the experimental results obtaifiedn the EDX analyses
performed after fracture tests on natural rock spews, or (ii) the compositional
changes in the Earth’s crust evolution during thst 14.57 billion years. As
recently reported, the evolution of the Earth’sstrand atmosphere, the formation
of oceans and greenhouse gases, and the origiifieodre phenomena deeply
related to piezonuclear reactions. This was theivabdon for undertaking the
simulation of fission reactions according to a mi@uitional methodology.

These reactions were simulated using two build-opcgdures for nuclear
structure. The first one generated a default ngcleliere each nucleon has a pre-
assigned position and quantum numbers that givdatiiee a regular, densely-
packed, polyhedral structure. The second procedsee the “picking function”,
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which was the most convenient way for construc@ngucleus from a set of
nucleons with specific quantum numbers and cootdiarhe picking function

was adopted only when the lattice structures ugiegdefault configuration were
inappropriate due to the weak bonding of the lest fucleons. In particular, once
a specific default nucleus was constructed andlajisd, usually the last two

protons or neutrons were individually moved frone @mergy-state to another to
find the configuration that best reproduced thes(@n) product elements.

All reactions reported in Table 2 (Chapter 1 Introiibn, section 1.4
“Evidence of neutron emission related to fractunerpmena: from the laboratory
to the earth crust scale”) were simulated by theDQ&hd the results are
summarized in Table 15 reported in the APPENDIXr EBach simulation, the
plane that allows the fission is indicated. Eachginent is identified by the
number of protons (Z), the number of neutrons @y the corresponding isotope.
In addition, when the fragment was unstable, QNDtwsoe displayed the
experimentally-known decay time of that fragmenttie case of unstable fission
fragments, the number of neutrons exceeded thdestaimdition and neutron
emission might have been assumed for that fragmeortder to achieve stability.
It was interesting to note that, from the QND résut was possible to deduce and
reproduce the neutron emissions of piezonucleactioges, in addition to the
product elements (fragments).

For the first simulation, thFegg (also referred to as P nucleus was chosen

as the mother element and the lattice of this mscle shown in Figure 52. Its
characteristics assigned by the software were lksv& Protons: 26; Neutrons:
30; n-values: 0, 1, 2, 3; j-values: 1/2, 3/2, ¥2; m-values: £1/2, +3/2, +5/2,
+7/2, according to the literature [39].
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Figure 52 F& lattice structure.

Once the nuclear structure was modified with thekipg option, the lattice
was “fractured” along fission planes that cut atssing nucleon-nucleon bonds.
Among the 17 planes of fission, six of them welevant to reactions (1), (2) and
(3) of Table 2, whereas the remaining 11 produ@stilts not consistent to the
empirical data, thus they were overlooked. Spedlific the simulation results
related to reaction (1) predicted the fission ohimlong fission planes 2 and 8,
which were the yz and the xz plane in Cartesiasespaspectively (see Table 8).

In Figure 53 two lattice structures of*Fare sliced in two fragments each by
specific fission planes. Broken bonds connectimgtito fragments resulting from

each cut are displayed in red. The two iron stmestuefer to reaction (1) reported
in Table 2 and Table 15 in the APPENDIX.
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Figure 53 Fracture of the Fe’® lattice along planes 2 (x=0) and 8 (y=0).

The fragments produced from the fission along adeind 8 possessed the
same characteristics as those described in therpielear reaction (1) (Table 2).

The two fragments correspondedAlfg : andA|f§ . The former was stable,

whereas the latter was unstable as it containechButrons in excess, which were
weakly-bound to the lattice fragment and were preshly released when such
reaction occurred. Assuming the emission of thesenteutrons, the fission can be
considered as symmetric with respect to both pl&2ressd 8.

The second simulation was run in accordance wittctien (2) (see Table 2
and Table 15 in the APPENDIX). In this case, th#ida structure for F8 was
built using the picking option. Figure 54 illustat the fission of Fe56 along
planes 14 (-x-y+z=1) and 16 (x+y+z=1). Broken boadsin red and they connect
two fragments corresponding respectively to Mg 8na@ccording to reaction (2)
in Table 15 in the APPENDIX.
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Figure 54 Fracture of Fe*® lattice along planes 14 and 16.

The results of the simulation showed that the fragi: predicted were
consistent to those of reaction (2) for fissionwdag along two different planes:
14 and 16. It was remarkable that the fragments filee fission along plane 14
were identical to those along plane 16. The sinangbtroduced an isotope of Mg
and an isotope of Si, which were identified as Fragt 1 and Fragment 2. In each
case, Fragment 1 was stable, whereas Fragment 2umg&able. In particular,
Fragment 1 was a stable nucleus of*fand Fragment 2 was a nucleus of,Si
unstable, which contained 4 neutrons that coulddbeased when reaction (2)
occurred.

Magnesium and calcium were considered next as malenents of next
fission simulations. A nuclear lattice reproducitive structure of MY is
displayed in Figure 55.



Chapter 5 88

Figure 55 Md" nuclear lattice structure

Figure 56 illustrates how MY structure is cut by plane 2. The red bonds
connecting the two resulting fragments are integdy the fission plane.

Figure 56 Fracture of the Mblattice along plane 2.

Figure 57 illustrates the structure of*lattice, which was relevant to reaction
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(12) where calcium was the mother element resultmguclei of oxygen and
hydrogen.

Figure 57 C¥ nuclear lattice structure.

Considering the data from the Earth’s crust and itidirect piezonuclear
evidence, the hypotheses of reactions (7) andw&gg particularly significant for
their respective implications concerning atmosphe&wolution and ocean
formation. The simulation results of these reactiare summarized in Table 15 in
APPENDIX. The simulation of piezonuclear reactidd) produced as fragments
two nuclei of C? with no excess of neutrons. Therefore, the sirardalescribed a
symmetrical fission that did not entail neutron gsions according to piezonuclear
reaction (7).

On the other hand, as observed in the case ofioeadil), (2), and (12), there
were unstable fragments. In particular, for evdane (Table 15 in APPENDIX)
that allowed for the productO}® + 4H )of piezonuclear reaction (12), at least
one of the two fragments obtained from each siraravas unstable. This results
suggested that neutron emission was favored in rohitiye lattice fission events.

Figure 58 illustrates an example of the Ca latsteed by planes 1 and 3
associated to the simulation of reaction 12 (T4ble
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Figure 58 Fracture of the &dattice along planes 1 and 3.

5.1.2 Probability of fission according to the lattice moel

As described above, the nucleus is represented ladi@ where the nodal
positions are occupied by the nucleons. A givedeaudattice in its ground-state
has a certain total binding energy (BE) that gdhedepends on the number and
type of nearest-neighbour nucleon-nucleon bondss tbn the number of
constituent nucleons [58] [39] [3]. The binding emeis usually expressed as
average binding energy per nucleon (BE/nucleorgverage binding energy per
bond (BE/bond), which represents a mean value ekttergy distribution among
the bonds in the nucleus. According to the lattivedel, the bonds are not all
equivalent and are formed by various combinatidnsucleon states (as specified
by quantum numbers n, j, m, s and i). Specificatg dipole-dipole interactions
of nucleon pairs are attractive (singlet-pairs)ddmearest-neighbour PP and NN
combinations, but there are both attractive andlsiége dipole combinations for
PN pairs (triplet- and singlet-pairs, respectivelyds a consequence, the
antiferromagnetic fcc lattice with alternating potneutron layers implies the
existence of lattice planes that are either stsonglweakly bound, depending on
the character of the bonds in the lattice planés the internal structure of the
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nucleon lattice that leads directly to the predictof lattice fragments of various
masses and probabilities.

In order to assess the probability of fission odagrin a given nucleus, it is
necessary to know the binding force of the nudiaitice structure: the lower this
force is, the higher the probability of fission This can be evaluated in terms of
binding energy of the lattice structure throughpac#ic plane. In particular, the
binding energy of the bonds between nearest-neighhacleons crossed by a
fracture plane minus the Coulomb repulsion throtighsame plane represents the
residual binding energy. Inverting this value yihlratio (MeV?) that is defined
as proportional to the probability of fissiondd3,) [58]:

1

A1 Ao Zi1 Z 5.4
E5n-550,

P

fission

(z.N)=

where Z, N, and A are the number of protons, nastand the total number of
nucleons contained in the atomic nucleiisandf2 stand for the two resulting
fragments of the given reactigfijs an experimental value of the nucleon-nucleon
binding force. Between nearest-neighbour nuclebisvalue changes according
to the different nature of the bonld;,, is the number of bonds across the fission
plane taken into consideration and so the numbebroken nucleon-nucleon
bonds along the fracture plar@; is the Coulomb repulsive contribution between
the protons in the two fragments defined by thsidis plane.

Using the parameter;&., the probabilities of piezonuclear reactions (g a
(2) were calculated as shown in details in Tablinthe APPENDIX The Fission
Probability is expressed as a normalized percentégiee cases studied for each
element reported in Table 2 with their relevangiba planes, and a given binding
force valuep is assumed (approximately comprised in the rargeden 2 and 4
MeV) [58]. The simulation of piezonuclear reacti@) resulted in two cases of
the 17 possible fission planes, with a totak& of ~23%, whereas reaction (2)
resulted in two cases having a totalssk, of ~41%. According to these
considerations, it was of interest that these biliias reproduced the known
abundances of the Z] Mg* and S elements in the Earth’s crust. The
probability that a nucleus of Peproduced magnesium and silicon (piezonuclear
reaction (2) in Table 2) is significantly largeatio:1.74) than that implying the
symmetrical nuclear fission of Pento two AF’ atoms (reaction (1) in Table 2).
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This was in agreement with the evidence regardiegcbmpositional changes in
the evolution of the Earth’s crust. In fact, théatalecrease in Peover the last
4.57 Billion years of about 11% seemed to be ctersily counterbalanced by the
increases in Mg, Si and Al, where the contributidrMg® and S?° (~7%) was a
little less than twice that of the Zlincrease, ~4%. The ratio of the normalized
Prisson Of reaction (2) to that of reaction (1) was apjmately 1.75, as the ratio of
Mg and Si (~7%) increase to the increase in Al (486the Earth’s crust. It is
also interesting to note that reaction (3) involvie as the mother element and Ca
and C as the products could be obtained by the @hiDlation. This reaction, not
so frequent in the Earth’s crust system, could dmognized as a fundamental
reaction during the application of ultrasound tutesied Ferrited-Iron) and steel
bars, as recently reported by Cardone et al. [RAis evidence indicates that the
QND was able to reproduce different piezonuclesgidin reactions also belonging
to different systems and experiments at differaraies (Earth’s crust or ferrite
bar).

The results obtained from the Ca-based reactiorulatons also showed
consistency with the findings reported by Carpirgexd his research team. During
the evolution of the Earth’s crust, Ca decreasedbnut ~4%, while K increased
by about ~2.7%, according to reaction (11). ThaltGt depletion could be almost
perfectly counterbalanced considering the increase® and H (HO) that
together correspond to an increment of about 113%s means that more than two
thirds of the Ca depletion resulted in potassium approximately one third in
H,O. On the other hand, considering the probabilityfission computed for
reactions (10), (11) and (12), the piezonucleactiea involving K as the product
returned a normalized probability of ~58.4%. Thenmalized probability of the
simulation of reaction (12), involving H and O a®qlucts, is about 31.2% (Table
15 in the APPENDIX). The ratio of the fission probay of reaction (11) to that
of reaction (12) was about two, which was in gogdeament with the evidence
concerning the Earth’s crust (see Chapter 1, sedti).

The consistency with the evidence drawn from thehEacrust can be verified
also in the case of Mg as the starting elemertt@Binomalous reactions (7) to (9).
In particular, it was found a global Mg decrease.%0) that was counterbalanced
by a ~2.7% increase in Na in the Earth’'s crust bypdncreases of ~2.0% and
~3.2% in HO and C, respectively, in the ancient atmosphehme. &vidence of the
Na increase was supported by the QND simulation thirned a normalized
probability percentage for reaction (8) equal td .836. With regard to the other
reactions, involving C, O and H as resultants, aswbtained a total normalized
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probability percentage of about ~69%. These last percentages were in good
agreement with the considerations concerning tloduden of the Earth’'s crust
composition as about two thirds of the Mg decreeseld be ascribed to the
formation of gaseous elements such as C apd that formed in the proto-
atmosphere of our planet [32].

5.2 Optimization of a set of parameters accounting forthe
binding energy

Within this section a closer look at the lattice dab was provided. In
particular, an overview of the research developedollaboration with Professor
N.D. Cook of the Kansai University (Osaka, Japargresented below.

The research activity consisted of three main phaslee first one was
modelling a statistically significant series oftdtaand semi-stable nuclei; after
that, the second phase was collecting the datadoh nuclear structure, and, in
the third phase, optimizing the structures in ortterobtain predictions of the
nuclear binding energies that better fit the experital data. This process of
modelling led to a set of improved parameters Wexe later used to predict better
nuclear binding energies and fission fragments niedium-heavy nuclei. The
process of optimization of the parameters in prieskin the following section
accompanied by new predictions of fission fragmeotscerning certain elements
related to the experimental activity conducted ygihteri et al. The assumptions
underlying the parameter optimization is reportedvell.

By means of the QND (quantum nuclear dynamics)wsoft, a series of
structures of stable and semi-stable nuclei wals &ctording to the lattice model.
A set of ten factors was defined in order to cataithe binding energy as a linear
combination of such factors. In Table 9 the settesf parameters defined to
describe the nuclear binding energy is summaridedh factors were defined in
order to obtain a better prediction of nuclear bigcenergies.

Table 9 Ten parameters defining different bondngfites.

PP1 NN1 PN1s PN1t PP2 NN2 PP3 NN3 PN3s PN3t

The factors shown in Table 9 were named after ype bf strong interaction
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they refer to. That is, the proton-proton interactfactors were labelled PP, the
neutron-neutron ones NN and the proton-neutronrantns PN. Distinctions
were made for first, second and third neighbougraxtions (e.g. PP1, PP2, PP3)
as well as for strongly bound triplet pair interacs (e.g. PN1t, PN3t) and weakly
bound singlet pair interactions (e.g. PN1s PN3g)ceOsuch factors were set,
nuclear structures were modelled and data wereatel, that is, the number and
type of inter-nucleon bonds, experimental knownuegal of spin, parity and
binding energy of the corresponding element.

The optimization of the ten factors could have beamducted in two different
ways: on one hand, by means of a multiple regredsichnique and, on the other
hand, by means of a Biot-Savart-like calculatios peoposed by Dallacasa. The
multiple regression technique was already used fofeBsor Cook in a multi-
factor parameter optimization procedure. In det&lpok conducted linear
regression analyses for different number of vaeal§e.g. one, three, eight or ten
factors). Setting to zero the y-intercept of thgression line for each set of chosen
variables implied that there were no other supplearg relevant variables.
Although this might be unrealistic, it allowed agoting for the independent
variables only, assessing their relative weight adjusting them within the
regression procedure. Results of a 10 factor regnesnalysis are summarized in
Table 10 All the output data of the regression, such asetation factors (R, R2,
Corr. R2), standard deviations, number of objestetjstical significances (t-value,
P-value), etc. are included in the table. The “stl 4" associated to the bond
strength parameters indicated singlet and tripleir pnteractions, while the
numbers 1, 2 and 3 indicated first, second andl thigighbour interactions,
distinguishing different ranges of interaction.

Table 10 Multiple Regression of Nuclear Binding Ejies with 10 Factors.

Multiple Regression
R 0.99999
R2 0.99998

Corr. R2  0.99620

Std Dev ~ 7.44021

No. Obs. 273
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Factors Coeff. Std. Dev. t-value P-value

Intercept 0 - - -
PP1ls 2.715 0.301 9.035 0.000
PP2t -0.918 0.226 -4.054  0.000
PP3s 1.436 0.170 8.449  0.000
NN1ls 1.804 0.217 8.306  0.000
NN2t 0.332 -0.145 -2.284 0.020
NN3s -0.615 0.116 -5.298  0.000
PN1t  3.025 0.447 6.772  0.000
PN1s 2.258 0.470 4.807 0.000
PN3t 1.208 0.195 6.209  0.000
PN3s 0.338 0.210 1.607  0.109

For such regression analysis 273 nuclei were mediedind their structures
optimized. Assuming that nuclei self-organize umiguinto an antiferromagnetic
array of alternating layers of protons and neutrahe positions of all surface
nucleons were manipulated individually for eachidatstructure built.

An alternative approach was considered when defittie factors accounting
for the binding energy. First of all, the threetéas PP1, NN1 and PN1t were
defined according to Dallacasaal.[58]. Using the expression of the potential

Hiltz _
TRz, OS¢ +0(y™%) 5.5

V=,
the short-range nucleon-nucleon interactions cdudd calculated, thus the
values of the factors accounting for the bindingrgg were defined. The basic
assumptions underlying the Dallacasa calculationevas follows. Each factor
represented the strength of the bond (energy)etthresponding interaction and
could be calculated as V (see formula above). Thgnetic propertieg,, #; and
> are the magnetic permeability of vacuum and thgmac moments of protons
and neutrons respectively, they are known fromliteeature, thus fixed [39] [3].
Considering the dimensions of the nucleon in teohdts radiusR allowed to
calculate the energy of each bond (interactiordegending only oiR and on the
distancey between the two interacting nucleons. Dallacaseastigated the short-
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range interactions of the first neighbour nuclewrth a radius of 0.5 fm and a
relative distance of 2 fm. According to those agstioms an average binding
energy of about 3 MeV could be found from the fext®P1, NN1 and PN1
calculated to be approximately 3.93, 1.84 and R18¥ respectively. Such value
of binding energy is not far from the average higdenergy per nucleon reported
in the literature [39] [68]. However, other relevdactors were left aside, such as
the second and third neighbour interactions andligterction between triplet- and
singlet-pair nucleon interactions. For this reaswmew” factors were added to the
Dallacasa calculations. In detail, according to @éimiferromagnetic array of the
lattice geometry, three different relative distagavere chosen for first, second
and third neighbour nucleons respectively and atwalinnucleon radiusR of
approximately 0.5 fm was considered. In Table 14 distances used for the
calculation of the strength factors are presentaraling to the lattice geometry
and to Dallacasa’'s assumptions. The definition loé eight values is also
illustrated in the table. It is evident that firgtighbour interactions are stronger
than second and third neighbours as the distanden)2s smaller than that of
other nucleon pairs.

Table 11 Ranges of interaction associated to theileon-nucleon pairs parameters.

Distance (fm) 2 2.83 3.46
Nucleon pairs PP1, NN1, PN1 PP2, NN2 PP3, NN3, PN3

PP1 NN1 PN1 PP2 NN2 PP3 NN3 PN3

3.93 1.84 2.69 -2.75 -1.29 2.25 1.06 1.54

Once all necessary assumptions and independeablesiwere defined, it was
possible to begin the optimization procedure. Favdeh optimization was
intended the optimization of the factors PP1, NNfg. This also led to the
optimization of the binding energy prediction by ane of the QND software.
Such procedure was conceptually straightforwari isplied, setting the factors
(function of R), building the lattice structure of a given numleémuclei, check
each QND prediction of the binding energy withatgerimentally known value,
assess the error and correct Reaccordingly. However, building the lattice
structure of the nuclei required a certain effarteach single structure had to be
built in order to grant the compliance and consisyeof lattice model properties
to those of the nucleus which is modelled. Thisméailding a nucleus lattice so
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that its total spin, parity, and magnetic momentemeonsistent with the known
values reported on the periodic table of Eleme®®$. [Thus, more than 300 nuclei
were modelled including light, medium, heavy badtib$e and semi-stable nuclei.

Figure 59 shows the results of binding energy ptaxi (BE(8)) calculated
using 8 strength factors. Each value was referoethé corresponding atomic
number (number of proton Z) of the relative nucldtisvas also compared with
the reference experimentally known nuclear bindéngrgy indicated as expBE.
The BE(8) energy, expressed in MeV on the primaatieal axis, is the sum of
the nuclear experimental binding energy and theld@wol repulsion calculated
according to the liquid drop model (LDM). It wasitguevident that the error of
the prediction could not be ignored as it went &&¥o of the experimental value.

Binding energy prediction (R=0.5 fm)
©®expBE ¢ BE(8) =Error (8)
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Figure 59- Eight factors binding energy prediction.

During the lattice building procedure, it wasalsaticed that the structures
could develop mainly in two directions: along theaxis (around the lower j-
subshells) or along they plane(with increasing j or m). Moreover, the medium
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and heavy nuclei lattice structures appeared tosdmehow slightly oblate,

resulting in a larger number of proton-neutron (Ri)e bonds. This fact led
Professor Cook and the author to think that thepRixs played a larger role in the
contribution to the nuclear binding energy, thusvéts decided to add two more
factors to our set of eight.

Therefore, a new set of ten strength factors wéslleded as shown in Table
12. The effect of proton-proton, neutron-neutrom gmoton-neutron pairs was
considered at different distances, distinguishitep detween triplet and singlet
pair interactions.

Table 12 Set of ten new factors accounting forkinging energy.

PP1 NN1 PN1t PN1s PP2 NN2 PP3 NN3 PN3t PN3s
393184 269 134 -2.75-1.29 2.251.06 1.54 0.77

The linear combination of those factors was intentteprovide an expression
of the binding energy including also weaker effebstween the nucleons
according to their position inside the lattice mal structure. It is worth
mentioning that the factors referring to the singkars (PN1s and PN3s) had been
chosen as half of those referring to the tripleirgpdPN1t and PN3t). Such
decision was taken as according to the literatlieeproton-neutron singlet pairs
were assumed to be weakly bound short-range irienac

A series of over 300 nuclei was modelled once agdipting the new set of
ten factors. After collecting the data from the mwous nuclear structures, we
calculated a new binding energy prediction keeptregjual to 0.5 fm.

Figure 60 reports the 10 factors-prediction (BE)1df) the binding energies
expressed in MeV and associated to their relativdden (number of proton Z). On
the primary vertical axis the energy is expressetha sum of the experimentally
known binding energy and the Coulomb repulsion.ti@nsecondary vertical axis
the percent error between the experimentally knowclear energy (expBE) and
the QND ten factors prediction one (BE(10)) is aadéed.
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Binding energy prediction (R=0.5fm)
©®expBE e BEdallacasa(10) =Error (10)
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Figure 60 Binding energy estimates with respethéoatomic number.

The 10-factors prediction provided a better estmat the nuclear binding
energy since the error was averagely half of thatved in Figure 59. Although
lower than before, the error was still over 25%hef experimental value. In detail,
looking at the light nuclei (Z<10), the figures steml overall predictions that
overestimated by 20-30% the experimental valuehdlgh, the 10-factors
estimate for medium nuclei was generally bettehsit average error lower than
20%, the graphs showed an increasing trend of tedigied energy for heavier
nuclei (Z>60) leading to values above 20% highantthe reference ones.

In order to reduce the error a new prediction vasutated. Assuming a bigger
nucleon radiusk, the coulomb repulsion contribution would have ped a
smaller effect for the heavier nuclei, thus thedpred energies would have been
slightly lower. In Figure 61 the estimate of thefabtors energies is reported with
respect to the corresponding atomic number of #ssocnuclei. In detail, the 10
factors energy prediction was calculated increaBifiggm 0.5 to 0.55 fm.



Chapter 5 100

Binding energy prediction (R=0.55fm)
@®expBE e BE(10) =Error (10)
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Figure 61 Binding energy predictions with respecthie atomic number.

The error trend in the graph of Figure 61 showediraprovement on the
estimate. The binding energy prediction was moriate as the atomic number
Z increased. For small the average error of the prediction was still acb@5%
or slightly above. Supposedly, the three factoisee to the first neighbour bonds
played a more substantial role in accounting tmelibg energy of light nuclear
lattice structures. In fact, the number of second third neighbours bonds was
lower in such nuclei. In addition, the structurésmall nuclei (Z<10) tended to be
quite compact and their nucleons did not have thesipility to be distributed
along one direction or another. For these reastms, calculated estimate
maintained a constant average error of about 2586 etkperimental energy.
However, the medium and heavy nuclei had latticecgires with a higher
number of bond types, thus the 10-factors assumptietter fit the lattice model
geometry and provided better energy predictionstich nuclei.

The optimization of the 10 factors accounting fog binding energy described
above allowed to work with a better version of (QBID software than it was
before. Hence, new simulations were carried oupalricular, the fission of a new
series of nuclear structures was investigated daapto the lattice model, that is,
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iron, nickel and palladium. A description and comaey of the simulation is

dealt in the following part of this section. Thestielement modelled was iron,
thus four isotopes were investigated, that is Bdn56, 57 and 58, their natural
abundances are 5.85%, 91.75%, 2.12% and 0.29%ctesbhe [3] [68].

Table 13 lists the significant elements resultaminfithe fission simulation of
iron nuclei. The amount of significant elementsineated to result as fission
fragments simulated by the QND is reported in teof®lative percentage, where
100% represents the total sum of prediction resiilédl isotopes investigated.

Table 13 Significant results of the fission of igotopes.

Iron fission overview

C 2.2%
Mg 1.9%
Al 6.7%
Si 10.3%
Ca 35.8%
Total 56.9%

It is important to emphasize that only stable ratisotopes were considered.
As it was already stated in previous studies deedriin this same chapter in
previous section, the fission simulation estimat@dcases of fission of a given
nuclear lattice structure. Each case was relevatitd geometrical fission of the
lattice across a different crystallographic plasag produced two fragments. It is
necessary to state that the cause of the fissianea investigated and it was
assumed that, whatever the cause was, an energytedur larger than the fission
energy was always provided for the reaction to ncthe characteristics of the
fission fragments were assessed by the QND softaagleprovided as an output.
For what concerns the four iron isotopes only ab®ifo of the results were
significant (Table 13). It is important to emphasthat the ratio (about 1.8) of the
sum of Mg and Si (Table 13) to the amount of Atjreated from the fission of
iron isotopes, is quite close to the ratio (abau) dbf Mg and Si increase to the
increase in Al according to the Earth’s crust etiolu This observation confirmed
similar results obtained with the previous versminthe QND software, thus
contributes to support Professor Carpinteri expenital research on piezonuclear
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reactions, along with the geological findings oe tarth’s crust compositional
evolution.

As mentioned above, the fission of other elements wivestigated. An
overview of the estimated fission fragments is rggbin Table 14. In the table,
the significant elements resulting from the fissioh different isotopes are
displayed. Their relative percentage abundanceoaksilated with respect to all
possible resulting fragments estimated. As it cannbticed, the sum of the
percentages is not 100% as some predictions weoadiusive and did not lead to
any identifiable fragment, thus they were excluded.

Table 14 Overall prediction results of the fissafmickel and palladium isotopes

Nickel fission overview Palladium fission overview
C 4.5% Si 3.2%
N 3.6% P 2.4%
0] 0.3% S 1.8%
Ne 10.9% Ar 6.9%
Na 1.2% Ca 5.1%
Mg 0.2% Ti 6.6%
Si 22.6% Cr 8.6%

0.1% Mn 2.8%
S 0.6% Fe 4.1%
Cl 7.9% Ni 7.5%
Ar 5.4% Cu 3.9%
K 2.5% Zn 8.5%
Ca 6.8% Ge 6.2%

Sc 10.4% As 4.8%
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Ti 14.0% Se 9.2%
Cr 1.6% Br 1.6%
Kr 6.2%
Total 92.8% Total 89.5%

Five nickel isotopes were modelled, that is nicke| 60, 61, 62 and 64. Their
natural abundances are respectively 68.02%, 26.2294%, 3.63% and 0.93%
[68]. Six palladium isotopes were also investigafmiladium 102, 104, 105, 106,
108 and 110. As it was done for the other cases$) ssion fragments prediction
was weighed according to each isotopic abundares, is 1.02%, 11.14%,
22.33%, 27.33% and 26.46%, respectively, for eddhesix palladium isotopes
mentioned above [68]. Traces of Be, B and Al wels® a&stimated as fission
fragments of nickel, however, they were not dispthgince their percentage is
lower than 0.1%. it was noticed that about 90%hef fission fragments of both
nickel and palladium were stable or semi-stablenefgs, while the remaining
percentage (not displayed) was constituted by blesthtagments. The figures
showed a larger variety of significant elements iognfrom nickel and palladium
fission; interesting were also the predictionsteslao the iron. In further works, it
might be worth comparing such predictions, reportedTable 14, to the
compositional variations on the surfaces of thetebdeles, recently observed by
the author and Carpinteet al studying hydrogen embrittlement effects on Pd
electrodes used in experiments of electrolysis.[60]

Elements such as titanium and silicon seemed te hgvarticular relevance in
the fission prediction of nickel. Analogously, titam, chromium, copper and
nickel seemed relevant in the palladium fission dpton. Interesting
compositional changes involving titanium, chromiwuopper and nickel were also
observed by the author, Prof. Carpinteri and hggeaech team in experimental
campaigns of which results were presented in iateynal conferences [59] [60].
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6 FINAL REMARKS AND CONCLUSIONS

For what concerns the experimental campaign with ¢bbalt-chromium
cathode and nickel-iron anode, the results were weteresting. First of all,
considering the energy emission, NE up to one avfleragnitude higher than the
background level was detected. Different peaks weeasured throughout the
electrolysis process, 200, 650, 1200 and 1500 m#natter the beginning of the
experiment. The alpha particle emission level dythe electrolysis was twice the
background level measured in the laboratory enwiemt before the experiment.
The results of the EDX measures conducted in thomsecutive phases, before,
during and at the end of the experiment, showedrésting variations of the
chemical composition of the electrodes. The mastrésting feature regarding the
Ni-Fe electrode was that the decrease of the agdMagoncentration (-8.6%) was
comparable to the sum of the variations in Si (%3.%and Mg (+4.7%). Such
variations appeared to be connected to the hypstleéseactions 3.1 and 3.2.
With regards of the Co-Cr cathode, the decreas®i(+3.2%) was comparable to
the increase in Cr (+3.0%). A plausible contribntto such variation might come
from reaction 3.3. However, the influence of thecglolytic process might be
accounted also when considering chemical variatieteged to the concentration
of K.

Considering the second experimental campaign rkladethe use of nickel-
titanium alloy anode and palladium cathode, analsgemarkable results were
found. The NE monitored throughout the electrolysiscess showed two notable
peaks 545 and 1200 minutes after the beginningefptocess. The composition
analyses conducted showed remarkable variationsthen surfaces of both
electrodes occurred during the electrochemicalge®es. A process starting from
Palladium non-symmetric fission and implying diffat piezonuclear reactions
was revealed. This appeared to provide a plausikfganation to most of the
changes of the composition of the electrodes. Iriiquéar, it was possible to
explain the appearance of concentrations of elesmenth as Fe (+2.0%), O
(+18.5%), Mg (+1.0%), Si (+1.1%), Al (+0.4%) and C&0.2%) through three
conceptual steps considering the depletion of Pdearation measured (-28.6%)
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on the Palladium electrode.

Among all the experimental results, the detectibnN& peaks during the
process of electrolysis and the micro-cracks idiedtion the surface of the
electrodes after such process caught the interfesheo experimentalists. As
mentioned in the introduction to this work, thepnesent common features of an
important connection between the crushing testslwttied on solid materials by
Carpinteri et al., the experiments of electrochémigarried out through the
research of this thesis and also the data collemiederning the evolution of the
composition of the Earth’s crust.

The results reported in this thesis showed thatiBpeand non-ordinary
nuclear reactions may occur in the condensed natjgered by phenomena such
as the formation and propagation of fractures. Insex in a liquid solution, the
metal surface of electrodes is exposed to the fiilomaf gaseous hydrogen due
the decomposition of water molecules caused bytinent passage (electrolysis).
The high current density favors the formation aadgiration of hydrogen into the
metal cracks. The presence of hydrogen in the mastix of the metal is imputed
to favor the crack propagation according to therbgdn embrittlement effect.
Hence, a way to explain the nuclear evidence toisider the fracture as a trigger
for piezonuclear reactions causing neutron emisafwhisotopic changes.

It is true that the full comprehension of the methias is yet to be achieved.
However, the approach investigated in collaboratidgth Professor Cook of the
Kansai University (Osaka, Japan) proved to be ehgsupport to the research.
The lattice model simulating the rupture of thenaito nucleus through specific
planes provided useful insights and data. Numesirallations on Fe, Ni and Pd
showed that it is possible to get fission fragmersresponding to elements
involved in the interpretation of both the Eartbisist compositional evolution and
the electrolysis experimental results showed inpghevious chapters. Therefore,
the model is consistent with the mechanical exgianato the nuclear effects
investigated in this thesis.

Further research needs to be undertaken, thoughinBtance, a dynamic
analysis could be added to the model in ordervwesngate how acoustic emission
sources, generated by micro and macro-cracks,tafiecnuclear structure and
lead to acoustic resonance effects.
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Figure 63 Surface of the Ni-Fe electrode beforetaddysis.
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Ni Concentration
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Figure 64 Series of measures of Ni concentratioNieRe electrode.

In Figure 64, details of the EDX composition analysire reported. Four series
of fifteen measures each corresponding to the &eps of measurement are
displayed in the top figure (a). The values areresged in percent mass
concentration. Average mass concentration percestage shown in the bottom
figure (b).
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Si Concentration
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Figure 65 Series of measures of Si concentratieReéNélectrode.

Figure 65 shows in the top graph (a) four seriescanpositional measures
corresponding to different stages of the electislggperiment. Relevant average
mass concentration percentages are displayed ivotih@m figure (b).
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Figure 66 Series of measures of the Mg concentratiothe Ni-Fe electrode.

Figure 66 illustrates details of local spots measwnt of Mg concentration at
different stages of the experiments associated wihhkir average mass
concentration percentages shown in the bottom gftajph
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Fe Concentration
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Figure 67 Series of measures of the Fe concentratidNi-Fe electrode.

In Figure 67, details of the evolution of Fe corication on the Ni-Fe anode at
different stages of the experimental campaign Hustiated in the top graphs.
Relative average mass concentration percentagahiawna in bottom figure (b).
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Figure 68 Series of measures of Cr concentratiom@mNi-Fe electrode.

Figure 68 illustrates the series of measures afddcentration in localized spots
across the surface of the Ni-Fe anode. Details ghaitvonly the last session of
measures at the end of the electrolysis reveakegtbsence of chromium on the

anode.
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Figure 69 Series of measures of Co concentratidinarCo-Cr electrode.

Detailed EDX measures of Co concentration takem thes surface of the cathode
were elaborated as displayed in Figure 69. Sefige®n points corresponding to
concentration at different stages of the experinagatreported in figures: before
the experiment, after 4, after 32 and 38 hourdesftmlysis. The average value of
Co concentration changes from a mass percentagye b¥o at the beginning of the
experiment to 20.6% and 34.4% after 32 and 38 hasfsectively.
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Figure 70 Series of measures of the Fe concentratithe Co-Cr electrode.

In Figure 70, detailed EDX measures of Fe conctatrare displayed. They refer
to conditions of the Co-Cr cathode before the arpant, after 4, 32 and 38 hours.
The average value of Fe concentration changes éramss percentage of 3.1% at

the beginning of the experiment to 26.3% and 6.6%r a&32 and 38 hours
respectively.



Appendix 115

25.0 Cr Concentration
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Figure 71 Series of measures of the Cr concentratithe Co-Cr electrode.

Detailed EDX measures of Cr local concentration ismevolution are displayed
in Figure 71 they refer to conditions of the Co-Cr cathode beforedkperiment,
after 4, 32 and 38 hours. The average Cr concanrahanges from a mass
percentage of 17.8% to 9.7% and 5.1% after 32 8rd 3
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K Concentration
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Figure 72 Series of measures of the K concentratioine Co-Cr electrode.

Figure 72 displays the evolution of different serief measures of K
concentration on the cathode. They correspond fterednt stages of the
electrolytic experiment: before the experimenteafd, 32 and 38 hours. The

average K concentration changes from 0.5% and 2886 4 hours to 12.9% and
4.4% after 32 and 38 h.

In Table 15, the summary of elaboration of fissgmulations is listed. The
data concern simulations conducted on piezonualeactions. Details of the
characteristics of fission fragments predicted hg QND software are also
described. The neutron emission column represdrdsstim of the neutrons
released from both fragments derived from eaclofisslane.
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Table 15 Characteristics of fission fragments rasgfrom QND simulations.
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