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Outline

A) Generaloverview of INFNLNF experimerg using Constantan wires and motivations.
Seveal of key points shown atCCF22 (SeptemberIB, 2019, Assisitaly),
[DO: 10.13140/RG.2.2.26669.64485]

B) Experimental evidence of the rel of the Deuterium gas fluand electrical excitations
by unbiased collectionand analysisof (our) over 80 tess/experiments (July-September
2019) mostly published onJ. Condensed Matter Nucl. Sci. 33 (2028l

C)Short description of the new a@cuitry, developedand usedsince October2019for new
experiments: ableto inject AC dltage, Qurrent limited (i.e. +600 V, 200 mA)at overall
efficiency quite larger than described in the JCMNS pap&ased on an array (series
parallel) of High Voltage (120 V), High Current (50 ntAgh speed (Tr=100ngyonstant
Current Diode(SiCtech.); added booster capacitorso accomplishDBD regimes, if any.

D)Overall @nclusiors with possibleline-guidesto get AHE discussed along therhole talk.
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Path to get AHE, after 31 years of experiments.

(according togeneral andour specificknow-how)

1) At first, it is necessary todad proper materiaks (Pd, Ti, Ni, alloysyith active gas (K D,,..);
C Commons experience, worldwide, in almost all LENR experiments;

2)Induce Nonequilibrium conditions of loaded materials by: thermal or concentration
gradients movement of charged speciephase transitions,voltage stimulationXX X @;® ®
C Mostly our specific evidence/suggestion, since April 1988er-onad O2 YY2Yy ;: aSy a S

3)Observedexperimentallyd K 4 G KS a Ay dSNI Ol AgasfoadeniaterialO i A &
as strong and fast as possihlées main facbr governing the AHE generation: thective gas
FLUXseems to be the main parameter lbut needs external energy t@activate it;
C Almost clear proof only after indeep analysis of >80 experimen{sJCMNS, July 2020);

4) Efforts to develop innovative procedures to minimize the (electrical) external energy
needed to generate norequilibrium of the, gas loadedactive material both into the bulk
(like electromigration phenomeng and at the surface (at suinicrometric size).
C Current and next experimentat INFNLNF.
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Procedures

1) Explore, in some details, the role ¢dydrogen (H) or Deuterium (Dlux through specific
sub-micrometric materials interacting, at thei surface, with accelerated electrons
and/or ions, to produce AHE in a way as stable as possibimiding its reduction over

time. The kind of gas used depends mainly on the host material that [ab/ad]sorbes it.

2) Tentative simplifications of control/excitation parameter. mainly, simple,electrical
stimulation, unipolar (+;) or bipolar up to 1200 Vppat 50 Hzsinusoidal(at the moment,

in the future highersfrequenciegvolts and asymmetric shapgsby a counter electrode.

3)New geometrical setup, with the core of the reactor as homogeneous asssible in

respect to local temperature gradients inside the reactdONKNOLS, Capuchin Knots,
superCapuchin knots, apreviouslydeveloped by our group since 2015
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4)Local thermal gradients, due to specific geometrical assembling (Bk&eral simple
knots, Capuchin knot although doQ i Yy SSR SE (i Niate (Bey/iGrinEcally { 2
they have very high efficiency)are quite difficult to be modelled and prone to aging

effects (dueto thermal cycling), up to catastrophic failuref the active wires.

5)We need UNDERSTANDING of the effecssamplification (i.e. avoiding) of each extra
contributes, even ifpreviouslyproved to be useful &r AHE generation, is mandatory at

this stage of the researchlVe need to evaluatdl KS a ¢ SAIKITE 2F St OK

6) Foctsed on the oles of: Ay wA OK | N(=ea éegti@rii emission, due to the absolute
temperature ofthe kind of material at the Anode surfageadopting old nomenclature
of vacuum tubg and ChildLangmuir laws(electron transport, apart specific constant
and surface area, are proportional to the Anod€athode Voltage’i.5and distance?2).
active at quite low pressuresB) Pascherregimes (DC andven AC, mainly due to H, D

and/or noble gas mixtures) operated at mild pressures, as later detailed;
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7)Results on AHEvalues and its stability over timedepend, among others, orthe
waveform at the counterelectrode surface especially high frequency components
(several timesospontaneous) when some proper high voltage threshold are overcome
sometimes we observed thanon-linear effects, in proper conditionscould induce

positive feedbackof our specificinterest. It is one of the effects to be investigated in the

near-future experiments.
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Evolution of the experimental setip from the point of view of counterelectrode

30-100 V DC 30-100 vV DC
. 1-2mm
= i —
. WIRE 2 ANODE
i i /mim -
A B
30-100 V DC 30-100 V DC
o}
| 2-3mm | . 2-3mm
B ANODE DC ©&== ANODE AC
¥ +-300 V + (SINUSOIDAL)
50Hz, +/-600 Vp
o
or
+ -
C D

Fig. 1.Constantan wire reactor (A); added countetectrode grounded (B); counteelectrode polarized
with direct current (C); counteelectrode polarized with alternating current (D).
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Basic g&arting pointsand conflicting requirements
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Fig. 2. Paschen aurve. Direct current breakdown tension Vb, at RT, of several gases versus
pressure *distance (p*d) between electrodes . Ar mixtures enables discharges at lower voltages .
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Short history about the specific use of Constantand knots.

(Extr.from: ICCF21, June 2018/AHLM13 Oct.2018;MIT 2019 Colloquium, MarcHCCF22Sept. 201

T Anomalous Heat Effest (AHE) have been observeldy us in wires of CusNigMn,g

(Constantan) exposed to +aind D in multiple experiments along the last $ears.

9 The Constantan, a quite losgost and old alloy (developed around 1890 by E. Weston), has
the peculiarity to provideextremely large values of energyl 66--3.16 e\) for the catalytic
reactions toward Hydrogen (and/or Deuteriumilissociation from molecular to atomic
state: H,A 2H. In comparison, the most known and very costly Pd (a precious metal) can
provide only 0.424 ¥ of energy: computer simulation from S. Romanowsky et al., 1999.
The energy given out during fast recombination process is quite high (about 4.5 eV): one
of the largest among the chemical reactions. In deep space, at low Hydrogen pressures,

the measured émperature is 36000 K: equilibrium amorissociaton<-- >recombination
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1 SomeH (according to resistance reduction value up to -26 %; first measurements by
German Scientists on 1989) is almostored inside the Constantan latticeafter its

absorption & high temperatures (> 180°C), few mwf pressure, several hours.

T We made systematic studies (and published most of the knbow obtained, in
agreement withLive Open Scien@pproach followed byMFMP collaboratior), since 2011,
to study the absorptiond S KI @A 2 NJ OSNE dzA G SYLISNI GddzZNBZ LINB

T Theamount of ratio among the active volum@.e. the thickness of sumicrometric one)
and the bulk(used bothas supportand indeep storagg, increases reducing the diameter
of the wire. A quditative sketch wasintroduced by us irFig. 2 We observed (by SEM) that,
at least in our experimental conditions of wires preparation, the thicknesstbé most
active section is of the order of 280 mm. Main drawback is the easiness of the wire
breaking at low dimensionality F <100mm). Moreover such deleterious effect is worsened

at the highest (and most useful!!) temperatures (>700°C) operated in the test.
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LERN EFFICIENCY RATIO OF THE CONSTANTAN WIRE OF DIFFERENT THICKNESS
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Hydrogen absorption/storage (blue colomnean thickness 20 mm), and the metallic bulk (brown color),

changing the initial diameter of the wire.
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1 Improvements in the magnitudeveproduability of AHE were reported by u the past

and related to wre preparation and reactodesign:work in progress

1 In facts, an oxidation of the wires by several hundred pulses of high intensity electrical
current (up to 1020 kA/cnt, even neglecting skin effects present because fast rise time,
<1ns, of the pulse¥in air (and related quenching) creates a rough surfdtike spongg. It
is featured asub-micrometric texturethat proved particularly effective at inducinghermal
anomalies(once the H, D is absorbed/adsorbeahen both temperaturesexceeds 80
400 °Cand proper kinds of non-equilibrium conditionsare promoted. The effects increase
as temperatures are increased, untidverse seksintering effects(almost out of control, at

the moment)damage the sponge structures and most of the AtiHtiallyvanish.

1 The hunted effect appears also to be increased substantially by deposing segments of the
wire with a seies of elements:Fe Sr (via thermal decomposition of their nitratep

properly mixed with a solution oKMnO;, (all diluted in acidic heawwater solution).
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1 Side EffectsThe magnetic proprietie®f Constantan wires change dramatically after the
O2FdAy3a 2F CS VYAUNX OGS 06 7FdzNI-KEBRY RISA\O2eY Lig 8 S
ferromagnetic. The special geometry @fapuchin kno{see lateron), as speculationcould
enhance such aspects. It is noteworthy that FeOx are recently reported to have magnetic
properties enhanced up to 16A0000 times when at low dimensionality (10 micron down

to 10 nm) as in our specific fabrication procedur@kin multilayers).

1 Usdul CoFactors Furthermore, an increase of AHE was observed after introducing the
treated wires inside a sheath made ddorosilicate glass fhainly SiB-Ca;BS(, and even
more after impregnating the sheath with the sameelements (Fe, Sr, K, Mn) used toat
the wires. Liquid nitrated compounds were first dried and laten decomposed to oxides
by high temperature (406600 °C) treatments. The procedure was repeated several times:

multilayer approach.
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1 Finally, AHE was augmented after introducing equallyasged knots (the knots weréocally
coated with the mixture of Fe, Mn, Sr, K) to indutrgethermal gradients along the wire

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

1 Interestingly, the coating appears to be nearly insulatiagd it is deemed being composed

of mixed oxides of the corresponding elements (mostly ReSrO).

9 Having observed a degradation of thBSCfibers at high temperature, an extra sheath
made of quartz fibers was used to prevent the fall of degraded fibexa the first sheath,
l.e. made a sort otoaxial constructionMain drawback was its largedimensionality. We
recall that some specific borosilicateglass has the peculiarity of adorbing Atomic
Hydrogen(dissociated from molecular state by the Constandaas discovered byirving
Langmuir(Nobel Laureate, on 1928ising W. In our procedures the possibility to have a

GUKFY1¢é¢ 2F FTU02YAO KeéRNRISYS OSNEB Of2asS a2z
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1 Technological Improvement The quite large problemof excessively tick insulating
material was solved thanks to a close collaboration among:
a) A Metallurgical Company (at North of Italy), for long time involved in LENR experiments
in their own laboratory, and whiclwhom we collaborate since 2011,
b) The SIGFavierCompany (I, Fhat produce insulating glass and S¥al,O; sheaths;
c) Our group.

It was developed an innovative insulating sheath that has both advantages of glass (i.e.
capability to absorb atomic kdrogen, maximum temperature 700°@nd high tempeature (up

to 1200 °C) performances of SiBl,0; material. Shortly, it was made a;lose distance, net of
glass and Si®AlL,Osbundles, each of thin fibers (Bm diameter) crossed at an intedistance of
only 500 mm. In such a way, after high temperature conditioning (up to 800 °C), there are
enough empty space (about 380 %) of tota) to allow free path for electrical conductiongp

getany ofRichardson, Pahen, DBD regimesyithout short circuit limitations.
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1 Unexpected Effectin 2014, the Authors introduced a second independentwire & ¥t 2 I ( A
in the reactor chamber,and observed just by chancea weak electrical currentup to
hundreds ofmA, with seveal mV at the end of the wire)flowing in it while power, (i.e.

high temperatures induced)was supplied to the first.

1 At that time only the wires got coating of LWF materialthe sheaths were NOT
impregnated by nitrate/oxide mixtures, so, possible leage currents were unlucky to
happen. The effect was alsconfirmed/certified (at Frascati Laboratory by their own
instrumentations and specific SW for data acquisition) and (latar) independently

reproduced, by theMIFMP group (M. Valat, B. Greeiner).

1 This current proved to be strongly related to the temperature of the first wire and clearly
turned to be the consequence of highernoionic Emission(where the treated wire

represents aCathodeand the second wire a\node), according to theRichardson law
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Thermoimic emission applied to surfaceoated Constardanwires.

The key parameter othermoionic emission is the Work Functiorf{, usually 1.55 eV, for

electron emission, from the surface of the materials:

J=ATexp(F/KgT)
with:

9 J=emission current density [A/fh

9 T=absolute temperature, in K;

1 A=l rRAo; | riS a correction factor depending on the material (@.3.);
T A=(4pgemcks)/(h°)=1.2*10 [A/m °K’], Richardson constant

T 9.-1.6*10"°C, electron charge;

9 Mm.=5.11*1C eV, electron mass;

9 ks=8.617*10" eV/K, Boltzmann constant.
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Richardson@Vacuum, - -+ - |_Rich@W=2eVi(cm"2
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Fig.4 Dependence ofmaximumelectron emissionA/cm”2) at the surface of a wirehanging
Temperature (30--1300K) and Work Function €12.75 eV)
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1 The presence of théhermoionic effect and a spontaneous tension between the twares

did strongly associate to AHkIe guessed thait is a cefactor useful to induce AHE.

1 The thermoionic effect is enhanced, iour specific procedures, by deposition dfow
Working Function materialo [ 2 CY0 X fA1S {NhX |d GKS &dzNH

several thin layers.

9 In the Cold FusichENRAHE studies the Researcher that firs{(1996) introduced,
intentionally, IWFm was Yasuhiro lwamuraat Mitsubishi Heavy Industries (Yokohama
Japan).Since that time he used CaO and laten also ¥Os, both in electrolytic and gas

diffusion experiments at mild (<80 °C) temperatures.
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The role of thermal large gradientat short distances

1 The presence of thermal and/or chemical gradients has been stressed as being of
relevance, especially when considering the noteworthy effect of kndby us introduced

since 2015pn AHE.

T From that moment, attempts to further increase AHE focused tme introduction of
different types of knots, leading to the choice of th@ / | LJdzAyd€ Asge K. 4) and, later,
thea ROl y OSR [/ Kbuldnedkanigallygyit@lelicate-weak).

1 Theknot design specially Capuchin onéeads indeed to very hot spgs along the wire and
features three areas characterized by a temperature delta up to several hundred degrees

(e.g6004 8004 1000 °C in the photo shown)

9 Fluxisinduced by very large, short distance, thermal gradien@apuchin knot
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FUNCTIONAL THEME OF THE CELANI COIL (FIRST TEST)

THE NUMERICAL SEQUENCE INDICATES
THE CURRENT PATH IN THE WIRE

TEST CONDITIONS

FREE AIR
@ WIRE = 193 MICRON
I =1800mA

Colour c
TEST PHOTO

White
‘ HIGH TEMPERATURE Light Yellow

Yellow
Light Orange

. TRANSIENT TEMPERATURE orange [l

Light Red [
‘ NORMAL TEMPERATURE Light Chonry
Cherry
Dark Cherry
NOTE Blood Red
THE CONSTRUCTION OF THE COIL Brown Red
TAKES PLACE BY NOTING THE WIRE
WITH THE "CAPPUCCINO" METHOD

Fig.5. Photo, in DCI=1900mA, of a piece of Constantan wire having a diameter of 188. Capuchin knots
with 8 turns. Tempeatures estimated by color. D&est area is at temperature <600°@&xternal helicoidal
section is at about 800 °@ymost section, lirrar, up to 1000 € in some pointsDistance is few mm.
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General assembling of the reactor, keep constant from 9 months,

to inter-compare resultchanging only the core

a) Energy balance measurements by air flow calorimetry.
b) Calibrationby a Jole heater put inside a Borobkcate glass tube, with the same dimension
of main reactor. Both glass tube are close each other and thermally connected by several

Al foil darkened (paint 900 °C type, emissivity close to 95%), inside the main insulating box.

c) In and out of airinlet at the same heightlarge vortexes are promoted judiy specific
geometryat the input of the air (several tubes of different lengths);

d) Monitored the speed of the fan (lifedime rated at5 yearsof continuous operatior).
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CERAMIC FRAME
SUPPORT

ANODE WIRE - TUBE INSERTED
INSIDE THE COIL

THERMOCOUPLE INSERTED
INSIDE THE COIL V2
V2

A

THERMOCOUPLE
INSERTED INSIDE
THE COIL V3

CONNECTION TO THE
FRAME (GROUNDING) HEAD OF THE COIL
THREAD FEEDING
V3
GLASS VESSEL

@40 : 34 mm - L 300 mm

HEAD OF FLOATING
ANODE TUBE

HEAD OF THE COIL

SUPPORTOF THE  WIRE TO GROUND

STEEL FRAME

V1 - coiL OF PLATINUM WIRE @ 0.100 mm
THERNOCOUPLEINSERTED V2 - coIL OF CONSTANTAN WIRE @ 0.200 mm
INSIDE THE FRAME V3 - COIL OF CONSTANTAN WIRE @ 0.350 mm

Fig. 6 Schematic of the assemblinthe 3 coaxial coils inside the glass reactor.
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Fig.7 Photo of the reactor assembled, just before to be locatediarihe air flow calorimeter.
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Fig. 8 Photo of the reactor, and calibrator (NCr wire) put inside the calorimeter (advanced version, 2
insulating and reflecting walls)



