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Abstract In the last decades some scientific papers have
been published on the study of nuclear transmutation
reactions in condensed matter, in which the formation of
new nuclear products was investigated. In this contest, a
specific research activity based on electrolysis process has
been developed at ENEA: each step has been analyzed and
deeply investigated by Instrumental Neutron Activation
Analysis (INAA). The materials such as electrolysis
equipment, electrolytic solutions, electrodes, etc. were
preliminarily analyzed by INAA for identifying and
reducing all the pollution sources. Several experiments
were performed using films of copper, nickel and palla-
dium as electrodes. At the end of each test, all the materials
and the electrolytic solutions used and the blank as well
were analyzed by INAA for checking and measuring the
presence of nuclei originating from nuclear transmutations.
INAA is in fact able to determine element content at a very
low level, where other analytical techniques cannot reach
with such precision and accuracy. The results obtained are
strongly random demonstrating a phenomenon of apparent
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enrichment rather than the occurrence of transmutation
phenomena in the condensed matter during the electrolysis.

Keywords Nuclear transmutation - Condensed matter -
Cold fusion - Trace elements - INAA

Introduction

Since many years it has been well-known an important
anomaly occurring during electrolysis process: the unex-
pected heat excess. In particular, in 1989 Fleischmann and
Pons communicated the discovery that deuterium nuclei
(D), confined in the metallic palladium (Pd) lattice, gave
rise to nuclear fusion reactions at room temperature (cold
fusion) [1]. They reported the astonishing results of watts
of power from cold deuteron fusion without large amounts
of radiation. The phenomenon provided primarily excess of
power (as the production of heat excess) in Pd cathodes
loaded with deuterium, during electrolysis process using
D,O [2-5]. This heat excess could not be explained only
through electrochemical reactions. Over the last decades
[3, 5-15] several studies have supported the idea that in
condensed matter nuclear processes could occur at low
energy in different ways than those typical of thermo-
nuclear fusion [16]. In particular, some authors [12—-14]
indicated the possibility of formation of new species
through induced nuclear transmutation phenomena in
condensed matter. After electrolysis experiments on mono-
or multi-layer (Pd and Ni) thin films, performed using both
light water and heavy water and various electrolytes (e.g.,
Na,COj3 or LiOH), Miley [12, 13] and Bockris [14] found
by means of INAA, Secondary Ion Mass Spectrometry
(SIMS), Energy Dispersive X-ray (EDX) analysis and
Auger Electron Spectroscopy (AES) that new atomic
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species were observed at very low levels. They identified
Ag, Al, As, Ba, Cd, Co, Cr, Cu, Dy, Eu, Fe, Ga, Gd, Ge,
Ho, In, Mg, Mn, Mo, Nb, Pd, Rb, Sb, Se, Si, Sm, Sn, Sr,
Te, Ti, V, Y, Yb and Zn as products of nuclear transmu-
tation occurred in the thin films. It should be underlined
that these are the only papers in this field at authors’
knowledge where INAA is applied for investigating the
presence of such species.

Starting from this hypothesis and in order to test the
reproducibility (as well as the reliability) of the data pre-
sented in the literature, the authors decided to undertake a
series of experiments using Instrumental Neutron Activa-
tion Analysis (INAA), especially oriented to discriminate
between the formation of new species by nuclear reaction
and the presence of contaminants from the environment.

The cleanliness level of both the single components and the
apparatus in toto was investigated. A selection of the
materials to be used in the experiments was performed by
INAA, leading to the choice of the ones characterized by a
minimum content of impurities. For each experiment,
blank samples of both the electrodes and the electrolyte
solutions were prepared and analyzed by INAA, to guar-
antee a proper reference for the analysis of the operated
electrodes and the exhausted electrolyte solutions.

Among the analytical techniques, the INAA presents
many advantages which make it very suitable for the
present study. It is a non-destructive analytical method
(i.e., all samples can be stored and analyzed again) and
highly sensitive (very low limit of detection (LOD), high
sensitivity and high precision) (Table 1). Furthermore, it is

Table 1 Nuclear data

(radioisotope, cross section Element Product nuclide The?mal Cross Half life y-Ray used (keV) LOD?* (ng)
half-life, pea1’< energy) and iimit section [18] (barn)
pf detc.sction f)f thfe elements Ag IOSAg 35 241 m 632.9 0.1
investigated in this study 110m
Ag Ag 37.2 250.4 d 657.7
Al Al 0.232 2.246 m 1778.8 3
As T6As 43 26.3 h 559.2 0.001
Au %8 Au 98.8 270d 411.8 6 x 107°
Br 80Br 8.5 17.4 m 617.0 0.002
Br 82Br 2.69 147d 776.5
Cl ¥l 0.428 372 m 1642.4 2
Co $0Co 37.2 5272y 1332.5 0.06
Cr Sier 15.9 27.7d 320.0 0.1
Cu %4Cu 45 12.74 h 1345.8
Cu %6Cu 217 51m 1039.0 0.4
Eu 152gy 5900 12.7y 1408.0 0.01
Fe Fe 1.15 45.1d 1099.2 20
Ga 2Ga 471 14.1h 834.0 0.002
Hf 181y 12.6 424d 4822 0.02
Ir 1921, 624 743 d 316.5 0.0003
Mg Mg 0.038 945 m 1014.4 20
Mn 5Mn 13.3 258 h 846.6 8 x 107°
Mo “Mo 0.45 275d 141.0 0.03
Na 24Na 0.53 15.02 h 1368.6 0.004
Ni 58Co 0.113 70.78 d 810.7 6
Pd 109pq 12 13.46 h 88.1 0.001
Pd 109mpg 0.2 4.69 m 188.9
Sb 1228p 6.25 270d 564.0 0.001
Sb 124gp 4.28 60.3 d 1691.0 0.1
Se Se 51.8 120.4 d 264.6 0.1
Sm 1538m 206 1.948 d 103.1 5
Ta 182Tq 21 115d 1221.3 0.01
A 2y 4.88 375 m 1434.2 0.9
h hour, m minute, d day, y year W 187y 37.8 24.0 h 685.7 0.001
 Calculated according to Ref. 7n 6570 0.78 243.8 d 11155 0.1

[17]
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a bulk method (INAA is an analytical technique that allows
to analyze the entire mass of the sample) [19], and it allows
the determination in the same sample up to 50-60 elements
with no chemical manipulations (no errors due to excess
contamination, positive artifacts, or down due to loss of
material, negative artifacts). In this study we analyzed Ag,
Al, As, Au, Br, Cl, Co, Cr, Cu, Eu, Fe, Ga, Hf, Mg, Mn,
Mo, Na, Ni, Pd, Sb, Se, Sm, Ta, V, W, Zn.

Experimental part
Electrolysis process
Equipments

The electrolysis cell (Fig. 1) consisted in a 15 mL poly-
ethylene vessel, that was made from a pure polyethylene
(PE) (Kartell S.p.A., Milan, Italy) container of the same
kind of which are generally used as sample-holders during
INAA analysis. The anode was a Pt wire (99.98% pure Pt)
wrapped in the shape of a planar spiral. The cathode was a
metallic thin film containing Cu, or Ni, or Pd, deposited
onto a polyethylene disk (12 mm diameter and 1 mm
thickness) made of the same ultrapure material of the cell
vessel. Before deposition, the substrates were chemically
cleaned and ion beam etched to improve film/substrate
adhesion and to assure good film surface status after
electrolysis (1 min using oxygen gas with ion energy of
290 eV, ion current of 0.6 mA at pressure of 5 x 107
torr). For each experiment, the films were prepared by ion
beam sputtering contemporaneously over two adjacent PE

Fig. 1 Scheme of the electrolytic cell used in the electrolysis
processes

substrates to obtain a blank film electrode with the same
deposition of the working one (Fig. 2). The sputtering
process was carried out at room temperature and
2.5 x 1077 torr pressure; the sputtering beam was made by
Ar" ions with 1.2 keV ion beam energy and 20 mA ion
beam current; the sputtering growth rate, measured by
profilometry of calibration samples, was: 0.184 nm s~ for
Cu, 0.126 nm s~' for Ni, and 0.245 nm s™' for Pd films.
The cathode contact was made of a “C” shape platinum
wire inserted into a PE support to prevent the electrolysis
between anode and cathode connections. The electrolysis
conditions were: time duration: 1-5 h; LiSO, solution
concentration: 1 M (except than for sample #9 for which it
was 10_3M); cell current 5-190 mA; cell voltage: 3-7 V.

Before the process, all the equipment was cleaned. The
cleaning procedure was the following: washing with
18 MQ x cm™' ultrapure distilled deionized water;
washing with HNO3 65% (Merck Specpure, Darmstadt,
Germany) for 1 min; rinsing with 18 MQ x cm™! ultra-
pure distilled deionized water; rinsing with ethanol (ultra-
pure reagent by Carlo Erba, Milan, Italy); rinsing several
times with 18 MQ x cm™' ultrapure distilled deionized
water; drying at room temperature in a vertical laminar
flow aspirator. The Pt wire was cleaned by acetone and
ethylene in a previous supplementary step. The tools used
to assemble the cell components were selected to avoid the
presence of contaminants. The film preparation, cleaning
procedure, cell assembly and all the experiments were
performed in a class 1000 clean room using dust-free
gloves (Nitrilite Silky UC 93-222, Ansell, Canada). The
only exception concerned the operation of the electrolysis
experiments and the consequent de-assembling of the
electrolytic cells into INAA ultra-clean irradiation vessels
in the first series, which were conducted in a normal
chemical lab.

Electrolysis experiments

Three series of experiments were performed: (1) mono-
layer (Cu, Ni, Pd), double-layer (Cu/Ni) and multi-layer
(Cu/Ni/Pd/Ni/Pd) thin films electrodes, using electrolyzing
solution of Li,SO,4 1 M (ultrapure compounds dissolved in
18 MQ x cm™! ultrapure distilled deionized water); (2)
mono (Cu, Ni) and double (Cu/Ni and Cu/Pd) layer elec-
trodes, using the same electrolytic solution (Li,SO,) at the
same concentration (I M) in all but one experiments (exp.
#9, 107 M); (3) mono (Ni) and double (Cu/Pd) layer
electrodes using Li,SO, 1 M as electrolyzing solution
(Table 2). In all the experiments the thickness of the films
deposited on the PE substrates was kept fixed at: 45 nm for
mono-layer, 25/45 nm for double-layer, and 25/45/45/45/
45 nm for multi-layer films, respectively.
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Fig. 2 Film deposition by
means of sputtering process

Table 2 Master scheme of the

. Batch Electrode Sample [ES] Electrolysis conditions

three experiments performed for

studying the trace and ultra- First series of experiments

trace impurities in film )

deposited on PE support #1 PE/Cu Cug, Cup 1M 482 C 60 min
#2 PE/Ni Nig, Nig 1M 618 C 103 min
#3 PE/Pd Pdg, Pdp 1M 396 C 55 min
#4 PE/Cu/Ni DLg, DLo 1M 9 C 301 min
#5 PE/Cu/Ni/Pd/Ni/Pd CuMLg, CuMLg 1M 150 C 330 min

Second series of experiments

#6 PE/Cu Cug, Cup 1M 1040 C 151 min
#7 PE/Ni Nig, Nig 1M 1029 C 258 min
#3 PE/Cu/Ni DLg, DLo 1M 650 C 1095 min
#9 PE/Cu/Ni DL, DLo 107° M 360 C 60 min

[ES] concentration of #10 PE/Cu/Ni DLg, DL 1M 2010 C 1207 min

electrolyzing solution, Li;SO4; #11 PE/Cu/Pd DLg, DL, 1M 780 C 180 min

B blank sample; O operating Third seri ¢ .

sample; DL double layer; ML 1rd series o exl?erlments ) ) )

multi-layer. The electrolysis #12 PE/Ni Nig, Nig 1M 1296 C 180 min

conditions are expressed as total #13 PE/Ni Nig, Nig 1M 1134 C 180 min

charge amount (Coulomb, C) #14 PE/Cu/Pd DLg, DLo M 665 C 180 min

and time (min)

INAA analysis
Sample and standard preparation

After electrolysis, the thin-film cathodes were removed from
the cell vessel in the clean room; the spent cathodes and the
relative blanks were put directly into two separate irradiation
vessels, then transferred into the TRIGA facility where they
were irradiated and analyzed. The mass increment due to the
electrolysis was computed, for each element, by subtracting
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from the inventory of the electrolyzed cathode that of the
corresponding blank sample. Samples from all the materials
used in the experiments (PE supports, Pt wire, lab gloves and
lab papers) were put into the irradiation vessel in the clean
room and then irradiated and analyzed in the same conditions
of the operated samples. As concerning the electrolytic
solutions, the irradiation and analysis were carried out at the
same conditions on 1-2 mL of spent and fresh-made solu-
tion, stored into separate irradiation vessels in the clean room
and then desiccated in stove at 40 °C.
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The standards for INAA calibration were prepared
starting from calibrated solutions 1000 pug mL™" of each
pure element (Carlo Erba). Known quantities of each
solution were exactly dosed by means of a micropipette
(Eppendorf) into the irradiation vessel, gently dried in
stove at 40 °C, and irradiated.

Irradiation and measurements

The samples were submitted to two different neutron
irradiations: (1) in the pneumatic channel (Rabbit) of the
TRIGA MARK II reactor at the R.C. ENEA-Casaccia for
1 min at neutron flux of 1.25 x 10" necm™2 s™' (fluence
7.5 x 10 n cm_z) for measuring 1OSAg, 28Al, 80Br, 38C1,
%6Cy, 27Mg, 5Mn, 2*Na, '%™pd, >?V and "*’W; (2) in the
rotating rack (Lazy Susan) of the TRIGA MARK II reactor
for 30 h at neutron flux of 2.6 x 102 ncm 2 s~ ! (fluence
2.8 x 10" n cm_z) for measuring llomAg, 76As, 198Au,
82y, 8Co(Ni), Co, *!Cr, %Cu, 52Eu, ®Fe, ">Ga, '*Hf,
"2Ir, Mo, '*°Pd, '**Sb, "Se, '**Sm, '**Ta, and **Zn. The
rack was maintained in constant rotation to make consistent
and uniform the flow and the energy spectrum of the
incident neutrons.

The y measurements were carried out by means of a
counting system constituted by a HPGe detector (EG&G
Ortec, Oak Ridge, TN, USA; FWHM 1.70 keV at
1332.50 keV, relative efficiency 23%, peak to Compton
ratio 58:3), an ORTEC 672 amplifier and a multichannel
buffer ORTEC 918A connected to 8 k channel analyzer
through data acquiring system ADCAM MAESTRO IL
The energy and efficiency calibrations were performed by
137Cs—%Co (furnished by Laboratorio Metrologia delle

Radiazioni Ionizzanti, ENEA-Casaccia) and '>?Eu (fur-
nished by Centre Energie Atomique, France) sources,
respectively.

Results and discussion

The reproducibility of the INAA measurements was tested
on the pure standards of Ag, Cr, Co, Fe and Zn, arranged
throughout the irradiation positions of the rotating rack.
The high reproducibility of the specific activities of ''*"Ag
and ®Zn (40.7 £ 1.8 Bqug~' with RSD 4.3 and
133.3 + 2.3 Bq pug~ ' with RSD 1.7, respectively) can be
inferred as a demonstration that the irradiation and signal
collection were uniform over the different position of the
Lazy Susan.

Tests on electrodes, solutions and laboratory equipment

In addition to the electrodes and electrolytic solutions, all
the materials which could have been in contact with them
during the experiments were tested by INAA. In particular,
we analyzed: blank electrodes, electrolytic solutions,
uncoated PE substrates, Pt wire, lab gloves and lab paper
used to handle the cells components and sputtered films.
The results have been extensively discussed in a previous
paper [20]: here, we would like to report briefly the main
considerations that can be useful for the discussion of the
impurity levels found after the electrolysis processes.
Table 3 shows the amount of impurities determined after
Lazy Susan irradiations in all the equipment used for the
experiments (laboratory papers, PE after etching, gloves, Pt

Table 3 Amount of some elements determined in PE support after etching, lab gloves, lab paper (ng), Pt wire (ng g~ ') and electrolytic solutions

(ng mL™h by INAA, after Lazy Susan irradiation

Element Laboratory paper PE after etching Gloves (ng) Pt wire Li,SO, I M Li,SO, 107> M
(ng) (ng) (ng g™ (ng mL™") (ng mL™")

Ag <5.6 459 £ 0.9 <1763 14711 + 341 <1.48 <0.815

Co 232+ 0.8 0.346 £ 0.089 81.0 + 34.8 <42.3 <0.256 0.474 £ 0.064

Cr 199 + 10 16.4 £ 0.6 <7014 <26042 <17.4 <8.6

Eu <0.354 <0.018 <50.9 <114 <0.363 <0.179

Fe 2327 £ 483 <102 <150150 <68769 <210 <108

Hf 63.1+13 7.5 £ 0.1 <691 <406 <1.19 <0.357

Ir <0.042 0.006 £ 0.001 <6.6 112059 + 673 <0.015 0.252 £ 0.006

Ni <7.24 <0.520 <1640 <180 <1.60 1.32 + 0.36

Sb 3.27 £ 0.10 <0.004 <13.2 <39.5 0.122 £ 0.014 <0.023

Se <22.6 <1.31 <2539 <3259 144+ 52 9.7 £2.0

Ta 357 £5 0.335 £ 0.063 <222 858 £ 35 0.557 £ 0.165 0.375 £ 0.068

Zn 13391 + 196 18.6 £ 1.8 64062092 + 780964 2412 + 851 28.8 £ 4.7 36.6 £ 2.5
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wire), and the electrolyzing solutions (Li,SO4 1 M and
1073 M). The main considerations concern the levels of Zn
in lab gloves, Ta and Zn in lab paper and Ag, Ir, Ta and Zn
in Pt wire. The highest Zn level in laboratory gloves is due
to ZnO or ZnSO, present inside the gloves as lubricant.
Further contamination by Cr, Hf and Zn in the PE support
may come from the etching process (i.e., mould).

Additional INAA analysis after Rabbit irradiation was
performed on the electrolytic solutions. The results
(Table 3) showed a moderate amount of Al, Br and Na,
indicating a lower cleanliness of the electrolytic solution
respect to the blank cathodes (see Tables 4, 5, 6 and dis-
cussion below). The quite high background signal due to
the intense Al line emission, prevents the possible detection
of the V signal, that was not detectable above an equivalent
V content of about 10 ng mL~! in the Li,SO, 1 M solu-
tion. Since the possible contamination from this element
was considered of particular interest on the basis of the
results of the electrolyzed samples (see next paragraph),
further analysis by Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES) was performed. The
results showed a V concentration of 7 ng mL™" in a sample
of fresh Li,SO, solution 1 M.

The blank electrodes, reported in Tables 4, 5, 6, were
basically clean. Typical environmental contaminants, such
as Al, CI and Na, were at very low levels as well as Br,
considered an ubiquitous pollutant, confirming the high
levels of cleanness of the entire process. The interesting
issue regards significant activities of Cu and Pd in mono-
layer Ni electrodes, and of Ni and Pd in mono-layer Cu
electrodes, due to a memory effect from the previous
sputtering processes. Co, Cr, Fe, Mn, Mo and W were
systematically present in all the samples and their levels
increased in relationship with the film thickness and the
film deposition time (see Fig. 3). The presence at trace
level of Ag, Hf and Zn can be related to possible con-
tamination from the sputtering chamber (due to previous
deposition of Ag, Fe, Hf from HfO,, and Zn). Ag, Sb, Ta
and Zn were also present in the laboratory paper, as we
have discussed above. Furthermore, the presence of Au,
As, Eu, Se and Sm at very low levels shows how unex-
pected contaminants can be always present and affect the
transmutation investigations with positive artifacts.

Impurity determination in the three electrolysis
experiments

Table 4 shows the increment (expressed as ng) of the
elements detected by INAA in the first series of cathodes,
after electrolysis with Li,SO,4 1 M electrolytic solution; the
values measured in the corresponding blank samples are
also shown for comparison, in order to highlight the
increase of each species respect to the original value.

@ Springer

The increase in the levels of Al, Cl and Na in the
electrolyzed samples is quite scattered and below a few
sigma from the background value of the blank sample.
Since these elements are typical environmental contami-
nants, it can be deduced that the cleanness of the experi-
mental environment in which electrolysis was performed
was comparable with that of the sputtering process, both
remaining quite low.

The systematic increment in the Zn level can be easily
explained by contamination from the gloves used to handle
the cathodes during cell assembling. This observation is
reproduced also in the other two series of experiments
(Tables 5 and 6), thus confirming this explanation.

The most reproducible and noticeable results concern
the increase of the V level: the V amount ranges between
209 and 287 ng in all samples except than for the mono Pd-
layer (25 ng), which are well above the background values
of the blank samples (<15 ng). This element shows also a
moderate increase in the third series of experiments (#12,
#13, #14 in Table 6), although to a lower extent (<60 ng);
it was not measured in the second series of experiments,
because only long time neutron irradiations were per-
formed in that case.

A possible explanation of these observations can be
found in the presence of this element in the Li,SO, elec-
trolyte, as confirmed by the ICP-OES analysis. In fact, the
increase of V in the electrolyzed samples could be due to
surface adsorption or residue from the electrolytic solution.
This hypothesis is further supported by the fact that the V
increase is correlated with the increase of manganese (see
Tables 4 and 6).

The higher level of environmental contamination should
have been expected in the first series of samples than in the
others, since in that case the cells were de-assembled, after
electrolysis, not in clean room but in normal laboratory.
Furthermore, it is worth noting that the increase in the V
level is not correlated to the mass number of the film
matrix element and this is also pointing to the direction of
contamination as its possible source.

Other considerations can be applied to Cr, Fe, Mo, Mn,
W, whose presence in the blank samples has been already
traced to contamination from the sputtering process. The
increase of these impurities respect to the blank values
was not correlated with the electrolysis parameters (cell
current and voltage, total faradic charge and time dura-
tion) and its amount was within a few sigma from the
values of the blank background; for these reasons, such
values can be considered within the statistical fluctuations
of the contaminants coming from the electrode prepara-
tion process.

The levels of the other elements were around or below
the LOD (e.g., As), with the only exception of sample #2,
in which the levels of Ag and Au showed a moderate
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Table 5 Average amount levels (ng) and standard deviations of elements determined in operated electrodes of the second series of experiments by INAA
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Blank Operated Blank

Blank Operated Blank Operated Blank Operated

Operated

Blank

Operated

31

152 +2.1
347 + 044

293 £ 5 21
791 £5
<0.18

25

672+ 1.9

92.0 £ 3.1 36
2. <0.89

22

1080 £+ 10
<0.70

40

27.0 £ 2.1

<0.66

Ag

75

1.

<0.392

71

2.38 £ 0.70

<0.499

61

46

1.98 + 0.29
95+ 4
<0.11

1.12

4

0.910
30

Co

90

1250 £+ 10
<0.33

117 £3

<0.19

76

581 £3

<0.24

1020 £+ 10

Cr

<0.061
1367
5.60

0.125
789

<0.098

<512
4.12

<0.111

<0.061

<329
2.79

0.027
568
5.8

042 £ 0.19

Eu

4780 + 230
<1.90

3990 + 240

<2.10

3060 £+ 250
<1.80

1630
3.72

<660

2350 £+ 170
<1.79

3410 £+ 130
<1.50

Fe

08

3.

<1.80

Hf

Ir

0.043
362

5.62 + 0.01
<760
<2.50

<0.011
11

15.1 £ 0.1

<760
<1.90

<0.017
42753

5.79 + 0.04

<750

<0.016
46022
<1.46
<3.54
0.881

23

0.75 £ 0.01
3870 £ 400

<1.00
<6.00

<0.010
42444

16.7 £ 0.1
<600

<1.50

0.009

285+ 0.2

<530

<0.677
2.10

1.30

<1.34
<4.58

<1.30
<8.00
<1.20

<0.768
<3.27

<1.50 0.329

Sb

<3.80 <12.0

31.0 £ 4.0
3.84 + 0.35
568 + 17

55.0 £ 4.0
3.67 £ 0.27
826 + 17

77.0 + 4.0 <1..31

5.54 +0.25
1510 + 20

0.886
<17

0.403 1.73 £ 0.34
656 + 17

17

<0.807
<23

0.06 £ 0.02
81.6 + 10.8

0.659
<14

0.472
<8.9

Ta

354 £ 15

The amount measured in the corresponding blank electrode is reported on the right, for reference. The values reported for “operated electrodes” are blank-subtracted. For electrode legenda: see Table 2

increase over the blank values (310 ng for Ag and 37 ng
for Au, respectively). The presence of Ag can be explained
here by electrochemical deposition of this specie following
anodic erosion of the platinum anode, that, indeed, did
contain a moderate amount of Ag, as reported in Table 3.
Actually, the total electric charge flowed during this
experiment was the higher in the series; furthermore, the
presence of Ni cathode may have favored the Ag deposi-
tion from the solution to the cathode surface, since Ni
delivered into the electrolyte is weakly competing with Ag
in cathodic process.

The same arguments can be used to justify the increased
amount of Ag in samples #7 and #10 of the second series
(Table 5); in fact, both experiments were characterized by
high total electric charge (1029 and 2010 C, respectively)
and by the presence of Ni in the cathode film.

The higher Au increase in sample #2 could come from
anodic Pt wire dissolution, being Au a typical contaminant
of Pt, although it was not measured in the bare Pt wire
because this last was analyzed by INAA only in the Lazy
Susan configuration. Contamination by anodic corrosion of
the Pt anode also occurred in the samples of second series,
in which the Ir increase after electrolysis is a clear signa-
ture of anode dissolution, being Ir the more abundant
impurity of the Pt wire. The presence at trace level of Ag
and Ta, which were the other main contaminants of the
anode material, may analogously be due to the same
process.

In the third series of experiments the INAA investi-
gation was conducted on as many elements as possible,
as shown in Table 6. Although the background spectrum
was significantly higher due to the Compton emission,
the electrodes of these third series were less contami-
nated after electrolysis, probably due to the increased
ability in avoiding the occasional contaminations. There
were no species detectable above the background other
than those already detected in the previous series of
experiments, and their levels were lower than in the
previous cases.

In summary, looking at the results of Tables 4, 5, 6,
elements such as Ag, Al, Au, Br, Cl, Co, Cr, Cu, Fe, Hf, Ir,
Mn, Mo, Na, Ni, Pd, Sb, Se, Ta, V, W, Zn were present
both in the blank and electrolyzed electrodes. Some of
them, which increase after electrolysis, can be anyway
traced to contamination or anodic dissolution.

In particular, it should be noted that, except than in the
case of evident electrochemical deposition from anodic
dissolution, the amount of contaminants is not correlated
with the total faradic charge flown through the cells, that is
indicative of the hydrogen mass transfer through the sam-
ple, as it should be expected on the basis of the assumption
that transmutation reactions involving hydrogen had
occurred.
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Table 6 Average amount Element #12 413 #14

levels (ng) and standard

deviations of elements PE/Ni PE/Ni PE/Cu/Pd

determined in operated

electrodes of the third series of Operated Blank Operated Blank Operated Blank

experiments by INAA
Ag <342 <217 <228 <53 <741 <443
Al 123 + 4 307 344 +£ 5 434 90 + 3 290
As <1.0 <1.04 <1.2 <1.23 <22 <2.25
Au 1.34 £ 0.09 <0.128 0.65 £ 0.09 <0.133 0.35 £ 0.12 <0.261
Br <1.53 <1.09 293 £ 1.10 <0.864 8.50 £ 1.27 <222
Cl 395+ 75 35 674 £ 6.8 <12.0 219 £ 4.6 27
Co 1.23 £ 0.10 <0.581 n.m. <0.716 n.m. <0.671
Cr 104 £+ 12 <68 n.m. <68 95 + 11 145
Cu 107 £+ 10.1 161 188 + 10.2 47 7251 + 41 14244
Eu <14 <11.1 <19 <11.0 <38 <37
Fe 610 £+ 70 <389 n.m. <57 n.m. <310
Ga <189 <l14.5 <16.3 <18.2 <238 <29
Hf <74 <31 <60 <53 <59 <88
Ir <2.10 <1.36 <2.42 <1.44 <2.89 <3.39
Mg <125 <119 <130 <94 <140 <178
Mn 0.78 £ 0.08 0.764 0.99 + 0.07 0.805 0.64 £ 0.11 0.686
Mo <146 <92 <116 <130 <308 <423
Na <2.70 <2.48 11.0 £ 1.9 1.08 <2.90 <1.57
Ni <432 321 n.m. <158 n.m. <391
Pd <321 <275 <366 320 30343 + 5460 40276

The amount measured in the Sh <59 <31 <51 <55 <79 <140

corresponding blank electrode is o <672 <605 <1025 <638 <1042 <1361

reported on the right, for

reference. The values reported Ta <113 <78 <78 <82 <82 <79

for “operated electrodes™ are \Y% 56.5 + 0.6 1.77 19.3 £ 0.3 0.352 6.84 + 0.3 <0.517

blank-subtracted. For electrode v <8.50 <63 134 + 6.2 <78 <145 <20

legenda see Table 2
Zn 295 £ 27 320 n.m. 304 800 £ 75 <61

n.m. not measured

Fig. 3 Levels of Co (x), Cr (A), Fe (), Mn (O), Mo () and W () in the blank films vs. the film thickness (a) and the film deposition time (b)

@ Springer
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Conclusion

INAA was useful to investigate the eventual formation of
new species attributable to transmutation phenomena.
Resuming the results, it can be evidenced that: (a) the Ag,
Au, Ir and Ta levels are due to contamination from plati-
num wire anodic dissolution; the higher Ag amount in
specific samples could also be explained by favored
cathodic deposition of this specie at the cathode surface;
(b) the presence of Cr, Hf, Fe, Mo, and W is likely due to
mould during the etching process and to their participation
to the thin-film preparation; (c) the low levels of the typical
environmental contaminants (CI, Br, Na and Mn) indicated
that the experiments have been carried on in a clean
environment; (d) the increment in the Zn level can be
explained by contamination from the gloves used to handle
the cathodes during cell assembling. The increments in the
electrolyzed cathodes do not seem to be correlated with
the electrolysis parameters, but rather random: then, the
hypothesis that transmutation phenomena could be
responsible for the detected impurities is not supported.

Acknowledgments The additional analysis performed to check the
V content of the electrolytic solution have been provided by Dr.
C. Zoani and Dr. G. Zappa (ICP-OES), whose collaboration is greatly
acknowledged. The technical support by Dr. Lecci, Ing. E. Castagna
and M. Sansovini is gratefully acknowledged.

References

1. Fleishmann M, Pons S (1989) Electrochemically induced nuclear
fusion of deuterium. J Electroanal Chem 261:301

2. Bertalot L, Bettinali L, De Marco F, Violante V, De Logu P,
Dikonimos Makris T, La Barbera A (1991) In: Bressani T, Del
Giudice E, Preparata G (eds) Proceedings of the II annual con-
ference on cold fusion. SIF, vol 33. Como, p 3

@ Springer

10.

11.

12.
13.

14.
15.

17.
18.

20.

. Miles MH, Bush BF, Ostrom GS, Lagowsky JJ (1991) In:

Bressani T, Del Giudice E, Preparata G (eds) Procedings of the II
annual conference on cold fusion. SIF, vol 33. Como, p 363

. McKubre MCH, Rocha-Filho R, Smedley SI, Tanzella FL,

Crouch-Baker S, Passell TO, Santucci J (1991) In: Bressani T,
Del Giudice E, Preparata G (eds) Procedings of the II annual
conference on cold fusion. SIF, vol 33. Como, p 419

. Gozzi D, Cellucci F, Cignini PL, Gigli G, Tomellini M, Cisbani

E, Frullani S, Urciuoli GM (1998) J Electroanal Chem 452:253

. Scaramuzzi F (2000) Account Res 8:77
. Jones SE, Scaramuzzi F, Fabrizio M, Manduchi C, Mengoli G,

Milli E, Zannoni G (1993) In: Stella B (ed) Proceedings of the
Rome workshop on the status of cold fusion in Italy, vol 74,
Rome

. Yamaguchi E, Nishioka T (1992) In: Ikegami H (ed) Proceedings

of the 3rd international conference on cold fusion, vol 179,
Nagoya

. Taylor SF, Claytor TN, Tuggle DG, Jones SE (1994) Fusion

Technol 26T:180

Aoki T, Kurata Y, Ebihara H, Yoshikawa N (1994) Fusion
Technol 26T:214

Violante V, Santoro E, Sarto F, Capobianco L, Rosada A (2003)
Energia Ambiente Innovazione 2:38

Miley GH, Patterson A (1996) J New Energy 1:5

Miley GH, Narne G, Williams MJ, Patterson A, Nix J, Cravens D,
Hora H (1996) In: Okamoto M (ed) Proceedings of the 6th
international conference on cold fusion, vol 629, Lake Toya,
Japan

Bockris J, Lin GH (1996) J New Energy 1:111

Iwamura Y, Itoh T, Sakano M (2000) In: Scaramuzzi F (ed)
Proceedings of the 8th international conference on cold fusion,
vol 141, Lerici

. Goodstein DL (1994) Whatever happened to cold fusion. The

American Scholar, 63 (1994) 527. also in: Engineering and Sci-
ence, autumn 1994

Currie LA (1968) Anal Chem 40:586

Leclerc JC, Cornu A (1989) Neutron activation analysis table.
Heyden, London

. Avino P, Capannesi G, Rosada A (2006) Toxicol Environ Chem

88:633

Rosada A, Santoro E, Sarto F, Violante V, Avino P (2009) In:
Proceedings of the 15th international conference on condensed
matter nuclear science, Rome, Italy, in press



	Neutron activation analysis for investigating purity grade of copper, nickel and palladium thin films used in cold fusion experiments
	Abstract
	Introduction
	Experimental part
	Electrolysis process
	Equipments
	Electrolysis experiments

	INAA analysis
	Sample and standard preparation
	Irradiation and measurements


	Results and discussion
	Tests on electrodes, solutions and laboratory equipment
	Impurity determination in the three electrolysis experiments

	Conclusion
	Acknowledgments
	References


