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Hydrogen/Deuterium Concentration in Pd under
Cathodic Polarization

Michio ENYO
Catalysis Research Center, Hokkaido University,

Kita 11 Nishi 10, Kita-ku, Sapporo, 060 JAPAN

ABSTRACT
Effective hydrogen pressure at hydrogen evolving

cathode is discussed in connection with the mechanism of
the hydrogen electrode reaction. A Nernst type expres-
sion involving hydrogen overpotential 1is not generally
applicable. Experimental results on Pd and Pd-Ag alloy
cathodes with and without addition of catalytic poison
are presented. The highest pressure observed was ca. 108
atm at 0.25 A cm’2, 30%C.

1. 1INTRODUCTION

The high reducing power of hydrogen evolving cath-
ode in aqueous solution has been often quoted by the
term Nascent hydrogen. An increasing attention is now
paid on this phenomenon as the high activity of hydrogen
produced by the hydrogen electrode reaction (HER) on Pd,
or the hydrogen/deuterium concentration derived thereof
in Pd, is believed to be one of the most vital factors
involved in the alleged cold fusion.

The concentration of hydrogen in metal/alloy specimen
should in general be determined by the pressure of
hydrogen to which it 1is exposed, through the hydrogen
absorption isotherm of Pd-H system. Alternatively, at
the electrode at which HER 1is taking place, one may
think of a hypothetical hydrogen pressure (which may be
identified with the cavity pressure”) and the latter
should in some way be related to the hydrogen overpoten-
tial. It is believed that hydrogen entry into metal
takes place via. hydrogen adatom H(a) which 1is the
intermediate of the HER.!'?' 1n other words, evaluation of
the hypothetical hydrogen pressure may be reduced to the
evaluation of chemical potential of H(a) during actual
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progress of HER: Twice of the latter can be equated with
that of the hypothetical hydrogen gas.

As demonstrated earlier®®, a Nernst-type expression
to correlate the equivalent hydrogen pressure, th. to
the overpotential, 7, as in Eqn. (1),

-7 — (RT/Z)") ln—PHZ /PHZ,EQ (1)

is not generally Jjustifiable. Thus, DelLuccia, Yamakawa
and Nanis” carried out combined experimental observa-
tions of hydrogen permeation rates through a mild steel
membrane electrode when its one face is exposed to
gaseous hydrogen or alternatively to an electrochemical
system where HER takes place. Experimentally observed
relationship between such hydrogen pressures and overpo-
tential values so as to yield the same rates of hydrogen
permeation, reproduced in Fig.1(A), indicated that the
corresponding hydrogen pressure was far lower than
expected from a Nernst-type relation applied to the
overpotential (dotted line). This is a clear indication
that a revision of the model is necessary. A quantita-
tive description will be discussed below.

(a) S K
o Nernst eqn.
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2~—~-0 -1 -2 -3 -4 -5 -6 -7 -8 -9 0O -I -2 -3 -4 -5 -6 -7 -8
":It 7/59mV n/60mV

Fig.1. Equivalent hydrogen pressure vs. hydrogen
overpotential relation. In both figures, the
dotted lines represent Egn.(1), namely, a Nernst
equation applied to 7.

(A) On_mild steel electrode observed by DelLuccia
et al.” at 25 °C. Solid lines are calculated for
the Volmer-Tafel reaction route on the basis of
the Langmuir isotherm with m, = 0.50, 0.12 (the
best ftit case) and 0.10.

(B) On Pd foil electrode® at 30 °C. Solid lines
(Langmuir isotherm) and broken lines (Temkin
isotherm) are calculated with my = 10 or 3.
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2. SHORT SUMMARY OF ELECTRODE KINETICS

(1) Basic Kinetic Equations

Only an outline of the analysis
below. Basic equations involved are;

(i) the relationship which connects the Gibbs free
energy decrease -AG (the reaction affinity) of the
overall reaction, with -Ag ., that shared by the consecu-
tive elementary step s,

- AG =nFp = 3 v, (-Ag,) (2)

where Vg is the stoichiometric number of step s.
(ii) that between the step affinity and the forward

and backward rates, v, and v_g» of that step,

6) will be presented

- Ag = - RT 1n v, /v (3)

(iii) that connecting the forward-to-backward rate
ratio of the overall reaction V,/V_, and such ratios of
elementary steps,

V/V_ = I;[ Veg IV (4)

-8

(iv) a steady-state relationship connecting the over-
all net rate and step net rates,
Vo, = Vo = (v,, - v. )/v

+S -8

(5)

s

(2) The case of Hydrogen Electrode Reaction
As substantiated® well, HER on many electrocatalyti-
cally active metals obey the Volmer-Tafel reaction
route,
Volmer Tafel
H* + e —— H(a), 2 H(a) —— H,

In this case, Egn.(2) is reduced to,

- AG = 2Fp = - (20gy * DEgL) (6)

It is convenient, as will be seen later, to define
the affinity distribution parameter m as,

m= Ag,/Ag, (7)
The function for m can be derived as below: From Eqn.(5)
for these two steps,
vy (viy /vy = 1)/2 = v (v, /v, - 1)

Hence, giving appropriate rate expressionss) for v, and
v.. and using Egn.(3) for v, /v, etc. which involves
—Agv, etc., an equation which involves m and 7 may be
derived, although in a transcendental form. Thence, m at
any values of 7 can be computed, provided that appro-
priate rate expressions for v, etc, together with other
kinetic parameters are given.
It can be shown that m near equilibrium, denoted by
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mg , is related to the exchange current densities of the
two elementary steps as,

my = gy /g (8)
This can be evaluated experimentally e.g. from transient
measurements, isotope tracer expoeriments&, etc.

3. QUANTITATIVE TREATMENT OF THE EQUIVALENT HYDROGEN
PRESSURE

The equivalent hydrogen pressure can be formulated as
follows: 1If no unique rate-determining step (RDS) ex-
ists, or the reaction is kinetically under mixed-con-
trol, then the chemical potential, u(H), of H(a) in
steady-state should be determined by a balance between
Volmer and Tafel steps, and the pressure would be lower
than that given by Egqn.(1). As -Ag, is given on the one
hand by the following relation which is readily derived
from Egqns.(6) and (7),

Ag, = 2mFn/(m + 2) (9)
and related, on the other hand, to u (H,) as,

“Agy = 2 u(H) - w(H,) = u(H,) - w(H,) (10)

it is straight-forward to calculate Py, from m and 7.
The above-quoted data on Fe can be quantitatively

accounted for by choosing a suitable value for m;; the
value found in this particular case was ca. 0.12. No
independent datum is available for m, for Fe, but the
value appears to be reasonable if one refers to the
datum, ca. 1 for Ni, which has been obtained from the
isotope tracer work“, and accepts a similarity between
HER kinetics on these metals.

4. ANALYSIS OF OVERPOTENTIAL TRANSIENTS

(1) Basic Transient Equations

Direct experimental evaluation of g (H) is not neces-
sarily easy but it can be made conveniently on Pd, or
porhaps on other hydrogen absorbing metals/alloys,
through the observation of overpotential transients, due
to the existence of a large pool for H(a) in the form of
absorbed hydrogen, namely, H(Pd). A general equation to
describe overpotential transient with time for the
Volmer-Tafel route may be written, based on the mass-
balance condition with respect to electric charge, as,®

d o _ _ 2
Co = d- g {7y efT oy etUSBIT y (ay)

with, 1if one accepts the Frumkin-Temkin isotherm for
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hydrogen adsorption,

&
Yy o= exp{ du (6-6 ;) } (12)
Oy
1-6
and Yy = - expl -(1-6)u(0-0 ) } (13)
1-0,
where (C is the double layer capacitance of the elec-
trode, i ov is the exchange current density of Volmer
step, ¢ 1is the surface coverage with H(a), u = U/RT in

which U 1s the interaction energy parameter in the
adsorption isotherm, ¢ (0<d<1) is a constant, B is
the symmetry factor, f = F/RT, and those with subscript
0 indicate quantities at equilibrium of HER.

(2) Overpotential Decay Transients

Upon interruption of the polarization current after a
state of steady polarization is reached, the overpoten-
tial initially decays rapidly at the expense of the
electric charge accumulated on the electrode through the
Volmer step. This decay ends within a very short time,
with the time constant 7 = 10 %s for Pd in acidic solu-
tions which is determined by values of C and effective
polarization resistance K |, (which 1is overpotential-
dependent) of the Volmer process, namely, 7 = R \C.

The decay of #» practically stops when the electrode
potential reached the point which corresponds to the
value practically fixed by the level of g (H) that was
realized during the steady-state polarization, namely,
immediately before the moment of the current interrup-
tion. At that point, effectively, C(d7n/dt) becomes 0 in
Egqn.(11). With i = 0 (current is off), the value of 7 at

that moment, called®’ nz', is given as,

7 2’ = (RI'/F) In 7 (11)
where vy Y /Y . This Nernst-type relation may be
accepted because, a this moment after the double layer
discharge, Volmer reaction should practically be in

quasi-equilibrium.
It can readily be seen from Egns.(12) and (13) that 7y
is equal to the variation of activity a(H) of H(a) as

Y = a(H) / a(H), (15)
It is ¢ lear, referring to Egns.(10) and (14), that
-7, = (RT/2F) In Py/Py, (16)
This is of a similar form with, but definitely different
from, Eqn.(1). Thus, Egn.(1) should hold if 7,” = 7
(rate-determining Tafel mechanism) but should be lower
than that if #7,’<7n or no growth with 7 if nz‘ = 0

(rate-determining Voimer mechanism).
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The overpotential decay transients are very informa-
tive: First, the affinity value allotted to Tafel step
is given by 02’ and second, the initial rapid portion

which is allotted to Volmer step is then obtained (n]’ +
nz’ = 7). Accordingly, one can directly observe m on Pd
HER at any value of 7, because -24g, = Fnl’ and -Ag, =
sz’. and hence the equivalent hydrogen pressure.

5. EXPERITMENTAL RESULTS ON PALLADIUM ELECTRODE

(1) Decay Transients on Pd

An extensive work on the overpotential transients has
been carried out on Pd.®®’ Thanks to its high ability of
absorption of hydrogen, galvanostatic overpotential rise
and decay transients on Pd hydrogen electrode are clear-
ly separated into two portions each, one with the time
constant of c¢a.10°3s (in acidic solutions) and the other
ca. 10%s (or longer) for ~10um (or thicker) Pd foil.

Experimentally, nz’ was clearly defined on the decay
transients " as shown in Fig.2, (A) on Pd electrode in
H,S0, and (B) on Pdg,Ag,, alloy electrode in H,50, + thiou-
rea; this also indicates that diffusion (and the in-
gress/egress rate of hydrogen) is sufficiently rapid in
those cases.

(F» Pd, IM H2S04,30°C
ad 167 mAcm™2 (8)

“EWr‘ PdioAgao, MK SOu+ 30 kM(CH:CS
247 mAca™"

ki \\k %,

2m
20m, 200m
23

= =200 8

03 1.0
T/,

Fig.2. Typical galvanostatic overpotential decay
transients at 30 °C on: (A) Pd electrode in 1M H,SO,
(B) Pd-Ag alloy electrode in iM H, SO, + 30 uM
(CH,),Cs, 30 °C. Abscissa is ngen in unit of full-
scaie time, tm’ assigned to each curves.

Tafel plots of 7 and nz’ on Pd and Pd-Ag alloy elec-
trodes in lMHZSO4 are plotted in Fig.3. It may be seen
that no systematic influence of alloy composition upon 7
was noted; the electrocatalytic activity was, as usual,
strongly influenced by its surface condition, etc.. On
the other hand, nz’ was much more stable and practically
independent of the alloy composition.
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Typical results of evaluation of P , from nz’ on Pd
in 1M H,50, are shown above in Fig.1(B). The data are not
at all in agreement with Egn.(1). On the other hand, it
is noteworthy that they are satisfactorily interpreted
by the theoretical curves calculated with m;, of 3~10,
which is observed from the overpotential decay tran-
sient, as seen by solid lines calculated on the basis of
Langmuir adsorption isotherm, or dotted lines on the
Temkin isotherm with U arbitrarily taken as 5 (u = 5RT
in U = u/RT).

(2) Effects of Catalytic Poisons
. A numerous investigations have been carried out on

poisons in catalysis, but not much is known as to on
which elementary steps they are exerting effects. Such
effects of poisons on elementary steps are clearly
observable on Pd. For.- example, tetrabutylammonium ion
was effective to retard Volmer step. On the other hand,
thiourea was effective in retarding Tafel step. It is
evident from the discussion presented above that the
latter may be an effective additive to Pd HER system if
one is to increase hydrogen in Pd. Other additives, 17,
CN™, SCN7, As,0,, etc. were found to have intermediate
characters, exerting comparable degrees of poisoning
effects on both Volmer and Tafel steps. It may be inter-
esting to investigate other additives and accumulate
information on their poisoning effects on various ele-
mentary steps.

Similar results in 1M H,S0, with the addition of 10
or 30 uM (CHQZCS are plotted in Figs.4 and 5 for Pd and
Pdg,Ag,, electrodes, respectively. It is “evident that
overpotential values, especially nz’, are much larger in
the presence of thiourea: The latter reaches the value
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as high as ca. -200 mv at 0.25 A cm? and this value
corresponds to the equivalent hydrogen pressure of some
10% atm according to Eqn.(16). This level of hydrogen
pressure would correspond to the atomic ratio H/Pd of
ca. 1.0 at 30°C according to an empirical relation,

H/Pd = 0.70 + 0.05 log Py,/atm (30 °C) (17)

which may be derived on the basis of the absorption
isotherm reported by Frieske and Wicke!?,

Attention was paid so far to the catalytic effects on
the elementary steps of HER, but there may be similar
etftects on the mobility of H(a), in particular on the
ingress/egress of hydrogen at the surface-to-bulk layer.
In this connection, CN~ D and €0'® were reported to
retard such steps: Systematic studies may lead us to
have more detailed picture of the effects of poisons on
various catalytic reactions.

-300- -300r
Pd @ PdsoAgao olloy

o
IM H2504 +10pM (NH2),CS, 30C IM H2504 + I0uM (NH,),CS, 30°C F

=200

0, MV

-100+

-4 -3 -2 = <] -4 -3 -2 -1
log L /Acm=2 log L /A cm™2

Fig.4(left). Tafel Plots of 7 (open symbols) and
the slowly decaying overpotential component ”z,
(full or half closed symbols) on Pd electrode.
iM H,S50, + 10 (and 30) uM (CH,),CS, 30 C.

Fig.5(right). Tafel Plots of 7 (open symbols) and

the slowly decaying overpotential component nz’

(full or half closed symbols) on PdsoAg20 alloy

electrode. 1M H,S0, + 10 (and 30) uM (CHZ)ZCS.

30 °C.
(3) Characterization of nz’ by Anodic Stripping

It seems important to confirm it the electrode poten-

tial at and after the moment of observation of nz’ is
indeed maintained because of high concentration of H(a),
and hence ot H(Pd). Characterization in this respect was
conducted by application of an anodic stripping charge
and observing the response of the electrode potential.
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The amount of anodic charge to be applied should be much
larger than that required to remove a monolayer of H(a).
If the electrode potential 1is 1locked up e.g. by any
unknown adsorbed substance, then the potential after the
anodic stripping would be anywhere far apart from the
potential at which the stripping was started. On the
other hand, if H(a) is supplied by rapid ingress/egress
of H/Pd, then the potential after the stripping should
quickly recover the original value.

Such tests are shown in Fig.6. Successive anodic
pulses with the charge up to 114 mC cm? (curves 1-4)
were applied after observing 7,’” (ca. -135 mV in this
example), but in each time the original electrode poten-
tials were restored. Only after application of 972 mC
cm™? (curve 5), ca. 15 mV of potential shift was noted.
On the other hand, the amount of electricity needed to
remove monolayer of H(a) should be roughly 0.5 mC cm?
(roughness factor was usually ca. 2). Namely, the elec-
trode restores its negative potential even after appli-
cation of anodic stripping charges that correspond to
almost 10° times of the charge which corresponds to a
monolayer of H(a). This seems to be a sufficient evi-
dence to prove that the electrode after cathodization as
described above indeed contains hydrogen of the amount
evaluated from nz’.

~150 -
\
\,
.
ool -~
?. = ®
=
E 2 O o8mc
S @ 40
@ 1
-50 @ 114
® 972
200 400 600
ol—lg i 28
0.2 04 O~® 056

Fig.6. Electrode potential decay (curve ) atftter
observation of nz' (ca.-135 mV) and change of
electrode potential after application of various
amounts of anodic stripping charge. 0.8 mC cm”
(curve 1), 4.0 (2), 11 (3), 114 (4), and 972 (5).
Pdy,Ag,, electrode, 1M H,S0,, 30 °C.
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The quick recovery (<0.1ls) of potential after the
application of anodic stripping charge in Fig.6 indi-
cates that the rate of recovery of hydrogen by the
outward diffusion from the bulk of Pd as well as by the
egress process at the surface zone is sufficiently rapid
as compared with that of escape of hydrogen by the Tafel
step. This may be an evidence in support of the model
that hydrogen is confined in Pd because of slowness of
the Tafel step, and hence augmentation of the concentra-
tion is made possible by the use of catalytic poisons
that retard that rate: Otherwise, the rate of escape of
hydrogen should be too rapid during the electrolysis
that no significant accumulation of hydrogen up to such
a high level as reported above by cathodization may be
possible.
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The ABC's of the Hydrogen-Metal System

Y. FUKAI
Department of Physics, Chuo University
Kasuga, Bunkyo-ku, Tokyo 112

ABSTRACT

Some basic properties of the hydrogen-metal system are
described with particular attention paid to the availability of
close D-D pairs in metals. A brief description is also given of

the behavior of energetic D* ions during their passage through
a metal lattice.

1. Introduction

There appears to be a general expectation that the
occurrence of "cold fusion" phenomena, if any, is connected to
some unusual and hitherto unknown behaviors of hydrogen in
metals, especially in Pd. The purpose of this paper is to
describe some basic properties of the hydrogen-metal system,
the ABC's, the knowledge of which must be shared by everyone
in this community. (For more details including most recent
results, see Fukai 1993).

Roughly speaking, there are two ways for nuclear fusion
to take place. The first, the ordinary way, is that the fusion
occurs in the course of collision of two nuclei having energies
high enough to overcome the mutual Coulomb repulsion. The
second is that two nuclei are held at sufficiently short distances
so that the nuclear fusion can be induced by the tunneling
through the Coulomb barrier. As by definition the real "cold"
fusion refers to the second (static) mechanism, most of the

FRONTIERS OF COLD FUSION
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discussions given below are on the equilibrium properties of
the hydrogen-metal system, more specifically, the state of D-D
pairs in metals. Only a brief description will be given of some
properties that are relevant to dynamical processes.

A measure of the internuclear distance that produces
observable fusion rates is given by the calculation of Koonin
and Nauenberg (1989). They calculated fusion rates in
diatomic hydrogen molecules of various isotopic composition,
and their dependence on the internuclear distance by varying
the hypothetical electron mass. Their results showed that the
fusion rate depends nearly exponentially on the distance, and
that for the d-d fusion rate to be 10-20 s-!, the distance should
be ~0.015nm. The question is whether there is any way to
hold D-D pairs in metals at such a short distance. For
comparison, at the distance of a D2 molecule (0.074nm), the

fusion rate amounts to only 10-64 s, which is completely
negligible.

2. Distance between hydrogen atoms in metals

Hydrogen atoms enter interstitial sites in metal lattices to
form metallic alloys. The heat of solution hg is different for
different metal species, and for a given metal, varies with the
hydrogen concentration as shown in Fig. 1 (Fukai 1993). In all
the cases, the concentration dependence of hg is similar. The

X=H/M
0 (0] ()IZ 0‘4 0:6 O‘B 1.0
\/ Fd
E Ta \ AL
©
S 95 | Fig. 1 The heat of
i \_/ [-Ti solution of hydrogen
2 in some metals as a
v function of hydrogen
~_ concentration. For
- Sc data sources, see
-9 — Fukai 1993.
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overall lattice expansion caused by hydrogen atoms facilitates
the dissolution of hydrogen at the beginning, but the short-
range repulsion between hydrogen atoms gradually comes into
play at higher concentrations.

In Pd, the heat of solution is hs = -0.106 eV at the infinite
dilution, but it crosses zero at x = [H]/[Pd] = 0.84, and becomes
positive thereafter (Flanagan and Lynch 1975). This implies
that near the composition x = 0.84, there can be large
concentration fluctuations in the hydriding process (e.g. by
clectrolysis), and at higher concentrations, PdHy decomposes
exothermically (by giving off heat). For D in Pd, the heat-of-
solution curve is shifted by 0.026 eV upward (Wicke 1985),
but the overall behavior is nearly the same.

There is an empirical rule that interstitial hydrogen
atoms do not come closer than 0.21nm, another manifestation
of the short-range mutual repulsion. In cases where the
distance between neighboring interstitial sites is shorter than
0.21nm interstitial sites are only partially filled with
hydrogens, either orderly or disorderly.

Maps showing the average D-density distribution can be
Fourier-reconstructed from neutron diffraction data. Care must
be taken in interpreting the density maps in disordered phases:
whereas the maps indicate that hydrogens are distributed
evenly over all the closely-spaced interstitial sites, the actual
situation should be that they occupy only a small fraction of
sites by trying to keep away from each other. In ordered
phases, on the other hand, D-density maps provide useful
information on the potential field for hydrogen atoms. Figure 2
shows D-density maps of B-VDgs5j, an ordered phase of the V-D
system (Okada 1980). The distribution of D atoms is very
strongly anisotropic, indicating that the potential is steeply
increasing in the c-direction and is slowly-varying in the a-b
direction. The amplitude of potential undulations can be
estimated from the excitation energies to highly excited
vibrational states (observed by inelastic neutron scattering)
and the activation energies of diffusion at high temperatures
where the migration proceeds essentially via jumps over
saddle points (Fukai and Sugimoto 1992, Fukai 1993). Thus, a
measure of potential undulations can be given as 0.5~leV.
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A possibility of hydrogen atoms coming a little closer
arises when they are trapped by lattice defects, more
specifically, by vacancies. @ Numerous experiments performed
on the defect-trapping of hydrogen atoms have shown that in
many metals a vacancy can trap as many as six hydrogen
atoms with binding energies of the order of ~0.5 eV (Myers et
al. 1989). This does not imply that six hydrogen atoms are
jammed in a very narrow space by replacing one metal atom.
Rather, it is more appropriate to regard them as occupying six
interstitial sites nearest to the vacancy. The actual
configuration of D trapped by vacancies in Pd determined by
the channeling method is depicted in Fig. 3 (Besenbacher et al.
1990). Hydrogen atoms are displaced slightly towards the

Fig. 3 Configuration of six D
atoms trapped at a vacancy
in Pd (Besenbacher et al.
1989).
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center of a vacancy, and the mutual distance between them
(= 0.185nm) is certainly smaller than the normal distance in a
stoichiometric PdD (= 0.28nm). Recently, a number of
calculations have been performed on the electronic structure
and energies of hydrogen pairs in Pd (Wang et al. 1989, Sun
and Tomdnek 1989, Lam and Yu 1989), and all the calculations
agree in that the equilibrium pair distance becomes longer than
the internuclear separation in a molecule.

3. Possibility of close D-D pairs in metals

It may be appropriate here to specify more clearly the
requirement to be placed on the D-D distance. The ordinary
procedure to calculate the fusion rate A is to evaluate the wave
function of the relative motion of two D nuclei at the separation
of p~10-'4 m, where nuclear interactions occur; viz. A=Al¥(p) 2.
This procedure is not applicable to a D-D pair in a metal
because the potential field arising from interactions with metal
atoms is fixed in position relative to the metal lattice, and
therefore the separation of space variables into the center-of-
mass and the relative coordinate cannot be made. However,
the following considerations show that potential undulations in
metals do not affect the problem seriously.

At small pair separations, the interaction potential can be
written in any case as

V(r) — é2fr + V,. (1)

In a free space, the electronic energy is that of the He atom,
Vo= —-51.8 eV. The calculation of Koonin and Nauenberg
(1989) which correctly incorporated this screening energy gave
the D-D fusion rate ten orders of magnitude larger than the
previous calculation which neglected this term (V,= 0) (Van
Siclen and Jones 1986). Judging from these results, the effect
of potential undulations in metals, being only 0.5~1 eV, should
not change the order of magnitude of the Koonin-Nauenberg's
calculation. Thus, the requirement on the pair separation of
~0.015nm applies equally well to D-D pairs in metals.

The following discussions show that there is no way to
sustain such close D-D pairs in any solids.
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Let us consider the balance of forces exerted by the

repulsion between two D atoms in a pair and the counteracting
force arising from the distorted interatomic bonds of the
surrounding lattice.
The repulsive force is estimated as fp~e2/r2=1x10-6N at
r=0.015nm, whereas the lattice force per bond can be
estimated as fp = (cy;/Np)-(Al/l), where N, is the number of
bonds per unit area. Substituting the values appropriate for Pd
(cr1 =23 x 101! N/m2, N, = 6.6 x 10!8 m-2) and for large strains
of Al/l ~ 1/3, the counteracting force is estimated to be
fo~1x10-8 N at the largest. Thus, interatomic bonds in Pd
are not strong enough to counteract the forces exerted by the
close D-D pair. In fact, there is no solid on earth which is
strong enough to sustain D-D pairs at such short distances.
What actually happens is that the D-D pair relaxes to a distance
where the force balance can be realized.

The same conclusion can be reached from energy
considerations. The energy of a D-D pair in a metal can be
approximated by the value in a free space; V(r) =44.2 eV at

r=0.015nm.  The electronic energy corrections in a metal
should be ~ leV at the largest. On the other hand, formation
energies of lattice defects are much smaller; ~ 1.5 eV for a
vacancy and ~ 5 eV for an interstitial atom in a metal of a

melting point of T, = 2000K (these values roughly scale with

Tm). This implies that a close D-D pair, if once created, should
immediately transfer its energy to the surrounding lattice to
attain some lower-energy configuration; even the creation of a
number of lattice defects is energetically more favorable.

It may be added that the use of a screened Coulomb
potential (ez/r) e %" for the first term of eq.(1) is erroneous. A
literal application of a Thomas-Fermi formula which describes
the screening by a dense electron gas gives a screening length
of a! = [4me2N(EF)}~172, which becomes as small as ~0.02nm in
Pd. This is a consequence of a peculiar situation in Pd that the
Fermi energy Ef happens to fall on a very pronounced peak of
the density of states N(E). Calculations showed, however, that
this peak arises from 4d electrons of Pd which are strongly
localized on Pd atoms and therefore do not participate in the
screening of nuclear charges in interstitial sites
(Papaconstantopoulos et al. 1973). No such electrons are
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available in metals that are effective in screening a singly-
charged particle in such vicinities.

The screening would be more effective if there were
negatively charged particles heavier than electrons. Indeed,
when an electron in a D2 molecule is replaced with a negative
muon (u~) which is about 200 times heavier than an electron,
the screening radius is reduced by this factor and the fusion
probability is increased to 109 s-1. However, the use of the
"effective mass" of conduction electrons in this context is a
mistake. Conduction electrons behave as if they had a large
mass when they travel over many atomic distances as waves.
The concept of effective mass is simply inapplicable to the
problem of static charge screening.

The upper bound for a d-d fusion rate in metals was
calculated by Leggett and Baym (1989) by including possible
many body effects, and was found to be very small ( ~10-47 s-1),
in agreement with the present discussions.

Thus, we cannot expect any measurable d-d fusion to
occur in metals as long as we stay within the static regime.

Needless to say, the probability of realizing a close D-D
pair configuration by thermal excitation is negligibly small,
being e-44.2eVIkT = 10-770 at room temperature.

4. Effects of high pressure

Here 1 describe the pressure dependence of the distance
between hydrogen atoms in elemental hydrogen and in
hydrogen-metal systems.

Elemental hydrogen under normal pressure is an
aggregate of stable covalent molecules weakly bound with each
other by van der Waals interactions. Thus, the interatomic
distance within a molecule (¢ 0.074 nm) is much shorter than
intermolecular distances, and a large compressibility of the
elemental hydrogen results from the compression of the latter.
In contrast, the pressure dependence of the former is very
peculiar. The frequency of the stretching vibration, which
reflects the bond strength in a molecule, increases with

pressure up to ~ 40 GPa but turns into a decrease thereafter.
The decrease goes through a discontinuity at ~ 150 GPa and
continues on to ~ 250 GPa where the sample becomes gradually

more opaque (a phenomenon indicative of an electronic band
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closure which leads eventually to a semi-conductive or semi-
metallic state) (Hemley and Mao 1988, Mao and Hemley 1989).
These observations imply that as more electrons tend to
participate in the bonding between molecules at higher
pressures, the bonding within the molecules becomes weaker
and the interatomic distance correspondingly longer.
Theoretical calculations predict that the metallization of
hydrogen proceeds in two steps; a molecular crystal — an
intermediate metallic structure with a remnant molecular
bonding —~ monatomic metal (Brovman et al. 1972, Barbee et al.
1989). It is only after the monatomic metallic structure is
realized that the minimum distance between hydrogen atoms
decreases with pressure.

Fukai (1991) pointed out that the hydrogen volume in
metallic enviornments, including interstitial hydrogen and
elemental metallic hydrogen, follows a universal compression
curve, which can be expressed to a good approximation by the
Vinet-type formula,

p=3Ko(1-y)y2e»U-» | y=(V/Vo)1/3

with the bulk modulus K0=99.2 GPa, the initial volume V0=2.96

x 103 nm3 and »=4.47. Using this equation of state, we can

estimate the pressure required to reduce the interatomic
distance to ~ 0.015 nm. The value comes out to be 1.3x 106 GPa
(6.2x105 GPa for 0.02 nm), which is of the order of
magunitude of the center pressure of the Jovian planets,
Jupiter and Saturn. The occurrence of a piezonuclear fusion is
only possible at these extremely high pressures hardly
attainable in laboratory experiments.

5. Dynamical processes of D*'s in metals

Let us consider a nuclear fusion to be caused by the
collision of incident energetic D*'s with D*'s in a metal lattice.

As the reaction cross section o(E) increases steeply with
the energy of an incoming D nucleus, the total probability of
occurrence of such events depends solely on the availability of
high-energy D nuclei. Cosmic rays and the acceleration of
fracture-induced D*'s by transient electric fields built up across



273

the cracks (fracto-fusion) have been proposed as possible
sources of such energetic particles.

In this section, 1 consider the fate of incident D*'s with
energies of 1~500 keV after entering a metal lattice, whatever
their source may be. At these energies, the incoming D*'s
gradually lose their energies by interactions with conduction
electrons, and finally come to rest by creating lattice defects
when their energies decrease to ~10 eV. As the relation
between the incident energy E, and the total path length Aq is
approximately given by Ay = \lE_o in this energy range, the
energy of an incident D* decreases to E = E, (Aq - )2/A2 after
straggling over a distance / from the surface. For D* in Pd, Ao =
0.luym for E; = 3 keV. The rapid dissipation of incident energies
restricts the possibility of nuclear fusion to within a thin
surface layer.

In special cases when the direction of an incident beam
lies within ~ 19 of some principal crystal axes or planes, the
penetration depth is increased by an order of magnitude (the
ion channeling), and the nuclear fusion rate will be enhanced
accordingly. The enhancement can be rather important
because the beam of incident D*'s is concentrated near the
center of channels where most of the interstitial D*'s (targets)
are located.

Another effect of high-energy incident particles is to
create a number of knocked-on D*'s which may induce
additional fusion events. This effect is most important when
incident particles are neutrons; the energy of neutrons can be
transferred efficiently to hydrogens to create energetic D*'s.

In any case, it must be emphasized that the high-energy
particles must be prepared outside solid samples. Particle
energies are always dissipated in solids, especially the energies
of charged particles in metals. The acceleration of any particles
in metals up to the order of kev is simply impossible.

Finally, I wish to rectify the misconception that strong
electric fields built up across the thin double layer near the
electrode may induce some nuclear events. It is not the
magnitude of field strengths but the energy acquired from the
electric field that matters. The energy of D*'s acquired by
acceleration across the double layer is ~ 0.1eV at the largest,
which is completely negligible for nuclear events.
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6. Conclusion

The properties described here are the very ABC's of the
hydrogen-metal systems. In seeking for a mechanism of cold
fusion phenomena, one should not ignore these ABC's but find
some way to circumvent difficulties posed by them. The
difficulties are great for the occurrence of nuclear fusion
events, not to speak of the excess heat release. Even greater
difficulties are expected for other fusion reactions involving
pairs with higher-valence nuclei or three-body interactions.
The hydrogen-metal systems, with all these ABC's are by no
means friendly to cold nuclear fusion.
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ABSTRACT

Surface and bulk analytical work carried out on
palladium rod samples returned to Johnson Matthey by
Fleischmann and Pons indicates that a number of
elements, including platinum and lithium were deposited
on the surface during electrolysis in D,O. Surface
an 1ys}s via time of flight SIMS indicates that the
Li°/Li’ isotope ratio is unusually low but no original
reference is available.

One electrolysed rod exhibited recovery of part of the
wrought microstructure which would ordinarily require a
temperature of > ca. 200°C, and another rod showed
recrystallisation of a portion of its length and this
would normally require a temperature of > ca 300°C.
These effects, which were observed at the ends of the
rods away from the spot welds, cannot readily be
explained by known processing history, and could not be
reproduced by filing or sawing.

Temperature programmed hydrogen absorption/desorption
profile measurements on a range of palladium samples
indicate wide differences in properties; for example a
rod electrolysed in aqueous LiOH solution absorbed
hydrogen more readily than a similar rod electrolysed in
aqueous NaOH. This technique would therefore seem to be
of value in characterising the palladium electrode.

Electrochemical measurements conducted in H,0 show that
there are significant differences between the behaviour
of Pd in LiOH, and in NaOH and KOH solutions.

FRONTIERS OF COLD FUSION
©1993 by Universal Academy Press, Inc.
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1 Analysis of Palladium Rods Returned to JMTC by
Fleischmann and Pons

Three of the rods, which had been loaned by JM, were
returned from Utah and analysed:

Rod 1: 4mm diameter,10cm long, as received condition.
Rod 2: 2mm diameter,9cm long,used as cathode at 64mA/cm2

Rod 3: 2mm diameter,l.2cm long,used as cathode at 512mAé
cm

1.1 Surface Analysis

SEM analysis using a Cambridge Stereoscan 250 Mark II
fitted with Princeton Gamma Tech (PGT) System 4 energy
dispersive X-ray analyser indicated cracks and scratches
on the surface, with the intensity of features
increasing from Rod 1 to Rod 3. There was no
significant surface contamination on Rod 1 but iron,
copper, platinum and zinc were detected on the used
rods. SEM EDAX analysis profile plots for percentages
of these four elements for various positions along the
rod for a penetration depth of one micron indicated
platinum concentrations of up to 9% for Rod 3 and up to
2% Pt for Rod 2. The other elements were present in
lower percentages (usually <1%).

XPS analysis was undertaken with a Kratos XSAM 800
surface analyser using a beam of argon ions at 4keV to
etch back the surface until the bulk metal was reached.
Elements found were oxygen, nitrogen, sodium, chlorine
and palladium on Rod 1; oxygen, sodium, silicon and
platinum on Rod 2; and oxygen, silicon, iron, sodium,
platinum, =zinc and copper on Rod 3. Spectral line
overlaps interfered with the detection and measurement
of lithium in the presence of iron. Instead of a sharp
demarcation at the palladium surface the impurities
showed a gradual fall off. This is interpreted as an
effect of the roughness of the surface with a surface
film of variable thickness within the analysis area.

Time of flight SIMS analysis has been carried out on the
two palladium Rods 1 and 2. A Cambridge Mass
Spectrometry TOF SIMS instrument was used, and it was
operated so that not more than one monolayer of metal
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was ablated in a twenty minute period during spectrum
collection, so that isotope ratio measurements were not
confused by depth profiling effects. The surface of the
sample was ablated by a gallium ion beam. This has the
advantage that oxide species are not present to
complicate the mass spectrum as is normally the case
when an oxygen ion beam is used. The palladium isotope
values measured for the two rods are closely similar,
but differ somewhat from wvalues quoted in the
literature.

ISOTOPE VIRGIN ROD USED ROD LITERATURE
No.1 No.2 VALUES
102 1.28 1.31 0.92
1SOTOPE REPLICATE MEASUREMENTS LITERATURE VALUES

104 1158 1150 1043
105 2296 2377 2233 6 4.0 48 4.7 75
106 2800 28.39 2723

T 960 953 953 925
108 2525 2390 2670
110 1091 11.10 1236

Figure 1. TOF SIMS Pd Figure 2. TOF SIMS Li
isotope ratios(%) isotope ratios(%)

No 1lithium was detected at the centre of the rod.
Lithium was detected at a very low level on Rod 1 after
the removal of four monolayers and only as the isotope
of mass 7; this was considered to be a trace
contaminant. After the removal of four monolayers on
Rod 2 a larger amount of lithium was detected with both
isotopes being found. The measured values for isotope 6
seem to be consistently different from the expected
values. So far as can be ascertained from an inspection
of the mass spectra there 1is no possibility of a
significant interference with isotope 7 so that the
effect is considered to be real. There was no
opportunity to measure the ratio on the lithium used in
the electrolysis cell.

Overall conclusions from the surface analysis results
were that platinum was detected on the electrolysed rods
by all the methods used, and O, Si, Fe, Na, Zn, Cu, Li,
Cl were also detected. The Pt, Cu, Fe, and Zn were
present as metals.
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1.2 Bulk Analysis

Spectrographic analysis for trace impurities is normally
made on pure metals produced by JM. The batch analysis
for the materials supplied to Fleischmann and Pons is
given in Figure 3. Samples for ICP were dissolved in
aqua regia in closed containers (to minimise loss of
Ru). Rods 1 and 2 were analysed in quadruplicate and
Rod 3 in duplicate. Results are given in Figure 4. Li
and Pt show increases from Rod 1 to Rod 3. B, Al, Cu
and Au values are substantially constant, low levels of
Rh and Ru were found in all these analyses.

INSTRUMENT USED - VG Plasma Quad PO2.

Element Ingot 1 Ingot 2 Element ROD 1 ROD 2 ROD 3
Ppm ppm ppm ppm ppm

u L] 9 12

B 25
Al 5 10 At T 2: J;

Cu 13
B 20 20 - <1 :: s
Ca 30 30 nh 1 ' 2
Cr 2 3 R [X) 0.4 0.3

An 1
Cu 10 10 Pt : :: ;:
Fe 10 10 o 02 03 os
N, Elements nol detecled:

! 1 1 <0.1 ppm Bi, Th, U, Ta, Re, 141, in.
Ag 1 1 <0.2ppm Hg, T, Os, Ir, Cs, Ba, Sb, Nb, Mo, Y, Sr, Rb, Mn, Co and alf lanthanides.
Py 10 10 S
Au 30 30 <S5 ppm Ge,
<10 ppm Cr.
Not delermined:-~ Cd, Ag, V, Na, Ca, Si, P, K, As, Fe, Se and halogens.
Mg and Si were detected at levels below 1 ppm.
Figure 3 Spectrographic Figure 4 ICP-Mass Spec
bulk analysis bulk analysis

1.3 Metallography

The end of Rod 2 furthest from the spot weld exhibited
microstructural variation from the norm, i e recovered
grain structure, which would be consistent for instance
with temperatures of greater than 200°C having been
generated for a short period. Rod 3 showed complete
recrystallisation over a distance of approximately 4mm
from the non-spot welded end, consistent with a
temperature of greater than 300°C having been
generated. However we do not know the total history of
the rods after they passed out of our hands so we cannot
independently draw definite conclusions.

Vigorous filing and sawing of virgin and hydrogenated
rods did not produce this recrystallisation phenomenon.
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2. Temperature Programmed Hydrogen Absorption/Desorption
on Various Palladium Samples

2.1 Temperature Programmed Absorption/Desorption

Technique

Hydrogen absorption and desorption is measured by
monitoring changes in the exit hydrogen concentration of
a 1072 hydrogen 1in nitrogen stream passing over the
sample at a slow rate (25ml per minute). The sample
itself can be heated or cooled at a linear rate. The
method allows for the measurement of very small amounts
of hydrogen and the temperature at which it is absorbed
(or reacted) and desorbed. Typically the temperature is
cycled between ambient and 400°C at 5°C per minute, one
complete cycle therefore lasting some three hours. For
samples which have been electrolytically charged the
total hydrogen content, usually expressed as H/Pd atomic
ratio, and the temperature at which the hydrogen is
desorbed can both be measured. The latter reflects the
combined effects of changes 1in hydride structure,
changes in the cleanliness and catalytic effectiveness
of the surface, and the effects of changes in surface to
volume ratio reflecting changes in physical dimensions.
Changes in the results between successive cycles can
reflect changes in the surface, i.e. reactivation, which
can occur during the high temperature part of the
desorption cycle.

Our rationale for making such measurements lies in our
belief that the differences which seem to occur amongst
different palladium samples should be related to their
ability to trap hydrogen or deuterium under non-
equilibrium conditions, particularly under conditions of
incipient temperature increases.

2.2 Measurement of Palladium Hydride/Deuteride
Decomposition/Formation

Figure 5 shows typical 1literature data for the
decomposition and formation of palladium deuteride and
palladium hydride at one atmosphere pressure as the
temperature is changed. As the temperature of a loaded
sample is increased, one might expect a rather sharp
evolution of hydrogen or deuterium at a relatively low
temperature, say below 100°C, as the beta-hydride
decomposes, followed by a small loss as the temperature
increases and the alpha-hydride decomposes. Cooling the
sample should incur a hysteresis effect, absorption
taking place at a lower temperature than the
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corresponding desorption. These temperatures should be
lower for a deuterided sample than one which has been
hydrided. Figure 6 gives the Pd-H phase diagram.

0.5
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o
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VT
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Pressura (Atmospheres)
[
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Temoerature (°C) 0.1 0.2 03 04 0S5 06

H/ Pd

Figure 5. Absorption/Desorption Figure 6. Pd-H Phase
of H or D at 1 atm vs Diagram
temperature (Sieverts)

Since the samples available were very different 1in
geometry and surface condition, the magnitude of the
peaks cannot be compared, but this technique does give
an indication of the absorption/desorption
characteristics of the samples.

The palladium hydride decomposition within these
massive electrode samples can be very difficult and in
some cases the temperature rises close to the critical
temperature (ca 300°C) before decomposition occurs.
Figure 7 shows the qualitative results for decomposition
of six different samples of various surface to volume
ratios. From this figure it 1is seen that for the
palladium sponge and the palladium wire the results are
very much what we might have expected from information
on hydride formation shown in Figure 5, i e a sharp

decomposition at around 100°C. With the 2mm rod,
however, there 1is a marked shift in decomposition
temperature with no evidence of significant gas
evolution at 100°C. One might expect that the

difficulty that the gas would have in permeating to the
surface might explain this observation, at least in
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part. The results for the 4mm, 6.3mm, and 8mm rods do
not however seem to fit this simple explanation so some
other factor(s) would seem to be involved. Since the 2
and 4mm rods are from the original experiments in which
excess heat was observed, and the 8mm rod was tested at
the same time and apparently failed to generate excess
heat, we would like to identify these factors. There
would seem to be a possible connection between the
hydride stability as determined in this way and the heat
generation under electrolytic conditions, in line with
our original rationale.

6.3mm bar
2nd Desorption Cycle
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An indication of the effect of surface poisoning can be
obtained by repeating the absorption/desorption cycles
as indicated in Figure 8 for the same 4mm rod as used
previously. When re-hydriding in the absorption
apparatus with 10% hydrogen for a relatively short time
the hydrogen uptakes are much less, as shown. What is
most striking is that a significant desorption spike is
now seen at 100°C and this increases substantially for
the third cycle. In both cases a second desorption peak
is recorded above 200°C which seems to correspond with
the peak observed after electrolytic charging.
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2.3 Comparison Between Rehydriding Characteristics of Pd
Electrolysed in 0.1IM LiOH and 0.1M NaOH

One other interesting observation, another part of the
mystery and possibly another part of the solution is
shown in Figure 9. This concerns part re-hydriding in
the hydrogen absorption apparatus of two similar 6.3mm
bar samples hydrided electrolyticall{ in 0.1M LiOH and
0.1M NaOH electrolytes respectively. The initial
desorption results were identical, giving broad peaks
with maxima at 200°C (see Figure 7). Upon cooling the

samples in hydrogen the results shown in Figure 9 were
obtained:

6.3mm Bar
LiOH

H/Pd 0.0186

400 300 200 100

6.3mm Bar
NaOH
H/Pd 0.0089

Aats of [Absorption

400 300 200 100

Temoerature (°C)

Figure 9. Rehydriding of 6.3mm Pd bar samples
electrolysed in 0.1M LiOH and 0.1M NaOH

These results indicate that similar hydrogen re-
absorptions occur at elevated temperatures, but there is
a marked difference at the lower temperature, where the
sample treated in LiOH absorbed hydrogen readily, but
that treated in NaOH did not: in fact the pattern of the
NaOH case was similar to that of an untreated rod. The
low temperature absorption obtained in the LiOH
experiment was matched by a corresponding low
temperature desorption peak on the next desorption
cycle.

Clearly the temperature programmed absorption/desorption
measurements described above are indicating large sample
differences. Interpreting how these differences arise

and how they can be manipulated to an advantage is very
much an open question.
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The conclusions from the temperature programmed
absorption/desorption results are that Pd sponge and Pd
wire behaved as expected, but Pd rods gave a range of
results probably dependent to some extent on the surface
condition of the Pd. The rod electrolysed in LiOH
absorbed hydrogen more readily than the similar rod
electrolysed in NaOH.

3. Electrochemical Measurements in H,0

3.1 Galvanostatic Charging of Pd Electrodes

In order to establish whether there are major
differences between 'Pd hydride' formed by electrolysis
in LiOH and other alkali metal hydroxides, a series of
galvanostatic charge/discharge experiments have been
carried out on Pd foil and rod electrodes in LiOH, NaOH,
and KOH solutions. The charging process is highly
sensitive to surface conditions in all of the
electrolytes examined. In one experiment LiOH, 60°C),
which as yet we have been unable to reproduce, the
overpotential during charging reached a maximum and then
steadily declined and the electrode subsequently acted
as an efficient hydrogen evolver (Figure 163:
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Figure 10. Galvanostatic charging curves for 0.05cm
thick Pd foil in 0.1M LiOH at 20 and 61°C

The result obtained with LiOH electrolyte at 60°C could
possibly be explained by the surface of the Pd electrode
becoming progressively covered with Pt from the anode.
The galvanostatic charging experiments carried out to
date give (with one exception) similar results in the
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three electrolytes tested. However there 1is some
tentative evidence to suggest that galvanostatic
discharge is somewhat inhibited in the case of LiOH.

The 'steady state' voltammograms given in Figure 11 show
that palladium electrochemistry is sensitive to the
nature of the alkali metal cation present. The
comparatively diminished re-oxidation wave in the LiOH
system is consistent with the galvanostatic discharge
behaviour, i e some form of inhibition for the hydride
dissolution reaction is present. However, the
possibility that a surface Pd-Li alloy is involved
cannot be ruled out.

Current I 20 I‘A (.)/
| ~ w /
l /q

T
-1.0  -0.5 0.0 X 1.0
Potentisi E (v vs Hg/HgO)

Figure 11. Steady state voltammograms for g Pd disc
electrode (surface area 3.1x10"4cm®) in (a)
0.1M LiOH, (b) 0.1M NaOH, and (c) O.1M KOH.
20°C, sweep rate 30mV/sec

Our conclusions from the electrochemical measurements in
light water are that palladium electrochemistry is
sensitive to the nature of the alkali metal cation and
there are significant differences in the results
obtained for LiOH, compared with those for NaOH and KOH
solutions.
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ABSTRACT

Deuterium concentration and distribution profiles in
electrolytically deuterated Ti plates have been obtained by Elastic
Recoil Detection (E.R.D.), Rutherford Back Scattering (R.B.S.) and
X-ray diffraction (XRD). It has been found that D/Ti ratio remains
constant (~1.6S) up to a penetration which depends on the electrolysis
time and then it goes down steeply to =~0.05. The formed deuteride
(TiDx, x=1.65) exhibits some preferred orientations and its texture
depends on that of the original Ti plate. The relevance of these data
in relation to electrolytic cold fusion experiments is discussed.

1.Introduction

It has been emphasized by different authors that cold fusion
phenomena may only be expected whenever high deuterium concentrations
{stoichiometric ratio or even higher) be reached in the deuterated
metal. Many papers have dealt with this problem in deuterated Pd
cathodes but not enough attention has been paid to other metals like
Ti and only a few papers have discussed the real atomic ratios (D/Ti)
that can be obtained by electrolytic loading. On the other hand, a
second condition that seems to be needed to observe cold fusion
phenomena is that non equilibrium conditions (produced by any internal
or external agent) must exist in the deuterated metal. In this context
the knowledge of the real structure and texture of the formed
deuterides and of their inhomogeneities becomes relevant. In this
paper we dealt with both problems: deuterium concentration profiles in
electrolytically formed TiDx are presented and discussed. Some
anomalies in the TiDx crystallization have also been observed and
correlated with the texture of the original Ti plates.

FRONTIERS OF COLD FUSION
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2. Experimental

Electrolytic Ti plates (=15-15-1 mm) were polished and etched.
After thoroughly cleaning with D20 they were used as cathodes in an
electrolytic cell with two Pt plates as anodes._ After loading for -~
1000 h with current densities of about SO0 mA/cm” the Ti cathodes were
again cleaned and cut in several pieces (=5-5-1 mm) to be used in
different analysis. After these steps, it was observed that Ti pieces
presented a slight deformation as shown in Fig 1. No attempt was made
to correct the plate curvature.

(a)

Figure 1. Deuterated Ti pieces (ETi24) as used for ERD and XRD
measurements.

Deuterium concentration profiles in two Ti cathodes (ETi20 and
ETi24) have been obtained by ERD and RBS techniques (experimental set
up shown in Fig 2). The penetration depth of the a-particles (1.6 Mev)
is around 0.5 pm with spot size =l mm™. In order to get quantitative
deuterium concentrations the cross section of the elastic
He(ZH,ZH) He reaction must be known. Besenbacher et al. calculated
this cross section from 0.8 to 2.3 Mev and recoil angles from 0° to
35° with a 5% uncertainty. The most important problem in our

COLLIMATOR
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Figure 2. Experimental set-up used in ERD and RBS experiments
(LNETI, Lisbon, Portugal).
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measurements was the maximum Ti depth accessible to the *He ions.To
overcome this difficulty a layer of the formed deuteride was removed
after each ERD measurement by polishing (0.25 pm diamond powder) the
sample.

In the same deuterated Ti-cathodes X-ray diffraction patterns
were obtained and results from ETi24 are now presented. A Philips
machine mod. PWI1140 was used. Penetration depth of the Cu Ka line was
=5 pm. The X-ray spot covered fully the investigated plate.

3. Results

It was detected that a deposit was formed during electrolysis at
the cathode surface. Analysis (both by ERD and XRD) of this surface
layer showed that it was composed by nickel oxide, magnesium oxide and
small traces of Pt. Some details on the characteristics of this layer
were reported at the Como Conference (B. Escarpizo et al 1991): This
surface deposit was removed by polishing before accomplishing ERD and
XRD measurements.

Typical results from ERD-RBS measurements together with the RUMP
fit are shown in Fig.3 and 4.1t is apparent that the near surface fit
of the spectrum is not as good as that of the flat zone. Deuterium
concentrations were obtained from the spectrum flat zone. Results
obtained after removing several layers are shown in Fig 5 up to a
penetration of 200 um for both ETi20 and ETi24. Although it is
difficult to know the depth scale error it has been estimated to be <
107 after micrometric measurements before the first and after the last
polishing.

Energy(MeV)
70 04 05 08

ETi 24, Depth=5um.

60[-

Normalized Yield

0 1 1 N
100 200 300 400 500
Channel

Figure 3. ERD spectrum and RUMP fit from ETi24.
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Both samples show a similar behaviour: an initial zone( = 10 pm)
where D concentration is not clearly defined followed by an extended
region, up to 120 um, where D/Ti remains constant an equal to = 1.6S.
After that a step decrease of D/Ti takes place within a thickness of
around 20 um. This region is more clearly seen in ETi20 than in ETi24
due to the experimental points of Fig.5. Finally a very low atomic
ratio (from 0.05 to 0.005) is measured up to penetrations of = 200 um
(more clearly seen in ETi24 sample).

Fig.6 shows evolution of some peak intensities with depth from
XRD patterns obtained with ETi24. Maximun D penetration depth is
confirmed by spectra of Fig.6 as far as the intensities of all
detected TiDx peaks go down to zero at a depth of 110-120 um in ETi24.
Fig.6a shows the evolution of (220) peak of TiDx. In Fig.6b
intensities of the (311) TiDx and (103) Ti peaks are plotted. The
first one corresponds to d= 1.342 A and the second one to d= 1.332 A,
and only -a peak appeared in the pattern at the same 28; so we have
concluded that the intensity of this peak should be the summed
intensities of both (311) TiDx and (103) Ti peaks. Finally in Fig.6¢c
the intensity of (222) TiDx peak is shown . Several other peak
intensities from the XRD patterns could have been selected to be
plotted but the three ones in Fig.6 make a full representation of the
whole.

4. Discussion

First important result we must emphasized is that D penetration
depth in our samples is confirmed by both types of measurements,
ERD-RBS and XRD. In the experimental conditions used in the
electrolytic loading a maximum D penetration of 110-120 pm is
produced. But we must say that different D penetration depths into Ti
will be produced if the electrolysis experimental conditions (time and
current density) are changed. This conclusion is confirmed by results
from different authors (Brauer et al. 1983, Briand et al. 1990,
Sevilla et al. 1991). Brauer et al. used electrolysis times ranging
from S to 100 s. and current densities from S to 200 mA/cm”. They
obtained H concentration profiles of the same shape as those shown in
Fig.5 and maximum H/Ti ratios of the order of .65, very close to
those from ETi20 (1.60) and ETi24(1.68). Penetration depths < lum were
recorded in their experiments. On the other hand, Briand et al.
concluded that D penetration is 2-3 um and that TiDz is formed. They
used an electrolysis time of 1-3 h. and 8 mA currents. Sevilla et al.
proposed that D penetration should be of the order of 20 um. As can be
seen from Fig.S5 of this paper the existence of a thin layer close to
the surface region with D/Ti > 1.6 can not be disregarded. So we can
conclude that at best higher D concentrations (close to D/Ti =~ 2)
would be produced in a surface layer (= Ium) of the deuterated Ti
plate. In the rest of the piece a limiting (D/Ti) concentration of =
1.6-1.7 seems to exist although we must say that other authors
(Millenbach et al. 1982, Dus et al. 1992) have reached different
conclusions on this pgint. Millenbach et al. formed TiDx (x=1.78)
samples with 20 mA/cm”, but the H concentrations were determined by
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comparing lattice parameter measurements with those from calibrated
samples. This method is not a direct one and accuracy of the
measurements could be questionable. Dus et al. prepared Ti thin films
(300 A) and studied H absorption from gas phase at temperatures
between 78°K and 298°K. They found that the maximum H/Ti is
temperature dependent and x=2 was obtained at R.T. Probably these
results are not incongruent with our data as far as layers close to
the surface of the efectrolytically deuterated pieces are taken into
account.

4460
a Numakura et al
° Azarkh et al
0 Millenbach et al
e This work
44401
'54,1.20-
o
4400
e e s =
4380 1 [ [l ] I
7080 1.00 1.20 1.40 1.60 1.80 2.00
x(H(D)/Ti)

Figure 7. Variation of lattice parameter with atomic ratio,
H(D)/Ti, in the H-Ti system.

From the above considerations a limit in the D concentration in
electrochemically loaded Ti is a real possibility. Energetic reasons
may explain these concentration limit. The change in the TiDx (TiHx)
lattice parameter as a function of H(D)/Ti and the phase diagram of
the H-Ti system are shown in Fig.7 and 8. The boundary between phases
o and &8 seems to establish the limit of the H/Ti ratio at room
temperature.

Finally, anomalies in the crystallization of TiDx (Fig.6) are
well explained by examining the texture of the Ti plate before being
deuterated (Fig.9). Due to the production process some preferred
orientations are also observed. We must emphasize that the (002) Ti
and (222) TiDx peaks correspond to planes of highest packing in the
hexagonal and cubic lattices of Ti and TiDx respectively.
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Figure 8. Phase diagram of the H-Ti system.

S. Conclusions
From this papers the following conclusions can be drawn.

a) Nuclear results from several cold fusion experiments in Ti
(Jones et al. 1989, Sanchez et al.. 1989) should be corrected in
relation to the fusion reaction rates when given per cubic centimeter
of the deuterated cathode material.

b) More investigations have to be done to find the experimental
way of improving the D/Ti ratio in electrciytic loading.

c) Every piece of metal to be used as cathode in a cold fusion
experiment has to be previously investigated. Anomalies in texture
{and other properties) might be well related to the non equilibrium
conditions required to trigger cold fusion reactions.
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ABSTRACT

Neutron transfer reactions are proposed to account for anomalies reported in
Pons-Fleischmann experiments. The prototypical reaction involves the transfer of a
neutron (mediated by low frequency electric or magnetic fields) from a donor nucleus
to virtual continuum states, followed by the capture of the virtual neutron by an
acceptor nucleus. In this work we summarize basic principles, recent results and the
ultimate goals of the theoretical effort.

1. Introduction

The past three and a half years has seen a considerable number of reports
of observations of anomalies in metal deuteride systems; reports of the various and
diverse effects can be found in the pages of this conference proceeding. We may
summarize some of the effects currently being claimed:

1. Reproducible excess power generation in palladium electrolysis experiments car-
ried out in a basic (LiOD) heavy water electrolye. The excess power has been
reported at levels as high as 10 times the electrical JV input power. The ob-
served excess energy at many laboratories exceeds 50 MJ/mole (500 eV /atom)
of Pd, and can therefore not be accounted for by chemistry; it is of nuclear
origin.

2. Anomalous neutron emission in electrolytic and gas-loaded metal deuterides.

3. Anomalous excess tritium production, unaccompanied by commensurate neutron
production.

4. Fast anomalous fast ion emission from metal deuterides.

5. Anomalous gamma emission from metals involved in electrolytic and gas-loading
deuterium experiments.

6. Claimed production of “He.

FRONTIERS OF COLD FUSION
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7. Excess power generation in light water experiments involving nickel cathodes and
K2CO3 electrolyte.

The experimental evidence in support of the various claims varies in quantity
and quality. I regard the evidence in support of the excess power production in heavy
water experiments to be sufficiently strong that it could be conservatively accepted
as experimental fact at this point. The evidence for “He production, for example, is
interesting; but it would be useful to obtain more confirmation to be certain that the
effect is indeed what has been claimed.

There has been very little in the way of significant technical input from skep-
tics during the past several years. The principal criticisms which one hears repeated
involve either that (1) the experiments are not done by competent experimentalists;
or that (2) there is no effect, it is all noise; or finally that (3) if the heat is nuclear,
then there must be commensurate neutron emission — since there is not, then the
heat is of some other origin.

We recognize the first as an ad hominum attack which is in of itself devoid of
technical content; if true, it would make the more relevant job of technical criticism
easier. The second is an argument which was used effectively in 1989; but is not so
convincing in 1992. Some of the SRI excess power measurements exceed 50 o; Pons
and Fleischmann point out that a watch and a knowledge of the heat of vaporization
of water as it is vigorously boiled away is sufficient to verify that the excess power
production is ten times the input I'V electrical power in their experiments.

The third argument is more insidious, since it presupposes the conclusion. If
one rejects the possibility of a new physical nuclear reaction mechanism, then one is
forced to the conclusion stated. Having rejected the experimental results, there is no
motivation to consider possible new reaction mechanisms. A tight and self-consistent
argument, it is one which has generally been adopted by the physics community; it
is also an argument which seems to require a fully-developed theory to refute. This
argument is one which is probably most responsible for the antagonism on the part of
the physics community in the US, and ultimately is responsible for nearly complete
absence of research support in the US in the field.

Our point of view in the work described in this manuscript is that we accept
the experimental claims to the degree merited by the evidence, and seek possible
theoretical explanations. It should be noted that actually doing so entails very signif-
icant non-technical hardships, as we have found from experience; this course of action
is not recommended for others.

2. Fusion Reactions

Nuclear fusion requires that two nuclei approach each other to within range to
interact, typically fermis. Since nuclei are positively charged, the resulting Coulomb
repulsion makes it difficult in general to nuclei to get close enough together to fuse.
One approach to overcoming the Coulomb barrier is to arrange for the nuclei to be
very energetic (as is done in magnetic fusion experiments or in stellar plasmas), or
else to arrange for significant tunneling (as in muon catalyzed fusion). Skeptics were
quick to point out that conditions in a metal hydride near room temperature does not
lead either to sufficient kinetic energies or screening to lead to observable anomalous
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fusion rates.

Heat production in Pons-Fleischmann experiments is hard to explain theoret-
ically through a fusion mechanism. Not only would a mechanism have to exist that
would allow nuclei to get sufficiently close to fuse, but a second mechanism would
also have to exist to modify the expected fusion reaction channels. For example,
dd-fusion yields n 43 He or p+t for primary reaction products; neither of these paths
occur in Pons-Fleischmann experiments to a degree commensurate with the excess
heat. Many workers in the field think that the ‘He branch is somehow favored, and
there seems to be some evidence supporting significant ‘He production; it is hard to
understand quite how this could occur from a theoretical point of view.

The field got its name “cold fusion” originally from early speculations con-
cerning the source of heat and neutrons from the first electrochemistry experiments
showing anomalous results. Although the anomalous neutron emission may have a
component due to dd-fusion, the heat production is very hard to reconcile with fusion
as described above. Reported observations of several of the other anomalies (fast
ion emission, gamma emission and light water experiments) would be even harder to
account for with a fusion mechanism.

For these and other reasons, we have concluded that whatever is going on,
the heat production is simply not due to fusion. It must be nuclear, which implies
that we must consider new basic reaction pathways.

3. Neutron Transfer Reactions

The first fundamental problem with fusion reactions occuring in a lattice at
room temperature is the presence of a Coulomb barrier. A possible way around this
which we have proposed is to pursue reactions which involve the transfer of neutrons
from nuclei. A neutron is charge neutral, so that no Coulomb barrier occurs. Very
significant other problems occur, but at least we no longer have to face the Coulomb
barrier. A prototypical neutron transfer reaction (shown in Figure 1) would involve
the transfer of a neutron from a donor nucleus (such as deuterium) to an acceptor
nucleus (we have considered 2H, ®Li, 1°B and Pd isotopes as possible acceptor nuclei).

(Lp)D’ (LA

{LgiD (LA
L;L;=Lattice A= Initial Accept nucteus
D = Initial Donor nucleus A’z Final Acceptor nucleus

D’=Final Donor nucleus

Figure 1: Two-step virtual neutron transfer reaction from a donor nucleus to an
acceptor nucleus.
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The second fundamental problem with fusion reactions is the problem of
reconciling the reaction products with the experimentally observed products. In this
case, if a neutron is to somehow go from one nucleus to another, we would expect to
see primary or secondary capture gammas; these are observed at a low rate, down by
many orders of magnitude from the heat-producing reaction rates.

There is a more severe problem which occurs with neutron transfer reactions,
and that is how would a neutron be transferred off of a nucleus to start such a
reaction? The neutron is tightly bound (2.225 MeV binding energy for a deuteron),
and it cannot be expected to be transferred off of a nucleus without good reason. A
neutron can be removed from a deuteron through photodisintegration with a gamma
or fast particle (see Figure 2), but almost any other proposed means of doing so
will requre new physics. It can be shown that a lattice has no means of transferring
sufficient energy to a neutron to ionize it short of accelerating an electron or ion up
to MeV energy and kinetically knocking it out.

|

2

Figure 2: (a) Resonance transitions involving a real intermediate state driven by a
laser. (b) Resonant neutron transfer reaction driven by a gamma.

Our approach!=* to this basic problem is to work with virtual neutrons by
considering two-sep reactions which proceed through a virtual intermediate state.
There is no way to arrange for sufficient energy to ionize a neutron in a lattice in
room temperature, but there is a way (at least in principle) for continuum neutron
states to be intermediate states driven off of resonance as part of a two-step reaction
(as long as whatever happens at the other end is energetically allowed). This type of
reaction is illustrated schematically in Figure 3.

Virtual particles are known in various branches of physics, including nuclear
physics. It is a rather easy exercise to show that a virtual neutron which is off-resonant
by multiple MeV will not go further than a few fermis from its parent nucleus in free
space. If the nucleus to which the neutron were being transferred were within fermis,
then such a constraint would not hinder the overall reaction; the Coulomb barrier
unfortunately prevents this.



301

v
N

2

Figure 3: (a) Raman transitions involving a virtual intermediate state driven by
a laser. (b) Off-resonant neutron transfer reaction driven by a low frequency
electric or magnetic field.

Consequently, we are faced with the problem of arranging to get a virtual
neutron from one nucleus to another over Angstrom distances, seemingly in the face
of known physics saying that it can’t be done. The demonstration that a virtual
neutron doesn’t stray appreciably from its point of origin is a free-space argument;
we wondered whether long range interactions were possible in a lattice.

4. Virtual Neutron Transfer

The theory for two-step reactions which involve a virtual intermediate state
is well known, and the reaction rate for a transition from state 0 through a virtual
intermediate state 1 to a final state 2 can be determined from Fermi’s Golden Rule
through

2T o
r= FI < Uy Hy1(Eo — Hy) ' Hio|¥o > [*p(E2) (1)

where state 1 is driven at the frequency of state 0. This would correspond, for exam-
ple, to a reaction where a neutron is transferred from a deuteron to virtual continuum
states by a DC magnetic field, and subsequently gamma captured elsewhere onto an
acceptor nucleus.

The Green'’s function for the virtual neutron is included in the term written
symbolically as (Eg — H;)™!, and which actually means to compute ¥, from

(Eo — H1)¥y = Hyo¥%o (2)
and then plug into
2w 2
['= =1 < Va|Hn|¥1 > [*p(Er) (3)

The Hamiltonians which occur in the theory are second-quantized operators
which are appropriate for a many-particle description of the system. We may reduce
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the problem down to its barest essentials if we focus on the wavefunction for the
virtual neutron in the idealized case that there is only one deuteron in the lattice

(AE = Hn)n(r) =< ¢p(rp)| — gt - B|¥p(rp, 1) > (4)

AF is the energy deficit of the virtual neutron (on the order of -2.225 MeV), H, is the
Hamiltonian of the neutron, and ¢, is the virtual neutron wavefunction. The term
on the right hand side is the source for the neutron, which is due to the deuteron in
a magnetic field.

The virtual neutron wavefunction can be calculated in terms of the Green’s
function through

Walr) = /G(rlro) < Py(rp)| = i - Bl¥p(rpro) > (5)

where the Green’s function satisfies

(AFE — Hp)G(r|rg) = 63(r = ro) (6)

The behavior of the Green’s function determines the character of the virtual
neutron wavefunction, and we can determine whether virtual neutrons will be able to
transfer more than a few fermis by studying the associated neutron Green’s function.
In the case where the neutron is assumed not to interact with the lattice after being
formed, we would take the neutron Hamiltonian to be

h2v2

Hn:_ZM“ (7)

and calculate the neutron Green’s function to be

1 an, oV 2R 8
Z; hz |1‘| ( )
This result assumes that the proton recoil is taken up by the lattice. We see that the
range of the virtual neutron is severely limited to (A?/2M,|AE|)!/2, which evaluates
to about 3 fm for this example. This is the origin of the argument that a virtual
neutron simply does not go very far from its point of origin.

We may include the primary effects of the lattice in the problem by including

the nuclear potential responsible for Bragg scattering. In this case we take the neutron
Hamiltonian to be

G(r|rg) = —

h2v?
2M,

where the potential V(r) is assumed to be periodic, and is expanded in terms of
reciprocal lattice vectors K to give

H,=-

+V(r) (9)

V(r)= Y VgeKr (10)
K
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We are able to solve for the Green’s function approximately in this case. We find
that the Green’s function is dominated by a local piece which is very nearly equal to
the non-interacting Green’s function described above, plus an additional very small
long range piece which is induced by the periodic potential

G(rlro) = G(r|ro)lv=o + AG(r|ro) (11)

This long range piece is calculated to be equal to

AG(rlro) = o 38 - (PO)J.)‘7‘1F|kr|{|VK| sin[3K - (r = o)l fu(ky - (r = o))
K

+% Ve Kotro) o VKe‘%K'(”"")] fa(ks - (r— 1'0))} (12)
where k; is the extinction vector for normal Bragg reflection
2M..| Vx|
k, = 13
R2|K |2 (13)
and where f; and f; are auxiliary functions defined by
T
f(@) = 5 [h(1) - (1)) (14)
T
fr(t) = 1= L) = La(?)] (15)

In these formulas, I; is a modified Bessel function of first order, and L; is a modified
Struve function of first order.

1

0.2 fr

Figure 4: Auxiliary functions fi(z) and fo(z).

We may use these results to compute rates for second order gamma emission
through

r=f |A¢(r>l2[z Nj(r)(Ujv)o} & (16)
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where Nj(ojv)g is the gamma capture rate for isotope j for the virtual neutron. In
the presence of a magnetic field of 100 KGauss, the second order gamma emission
rate is estimated to be near 10750 sec~! /deuteron in PdD.

5. Resonance Exchange Scattering

We have succeeded in obtaining a long range contribution to the virtual
neutron Green’s function which is capable of delocalizing a neutron over a micron
scale length. Unfortunately the associated rates for second order reactions through
such a mechanism are calculated to be neglible.

This result bodes unfavorably for neutron transfer reaction mechanisms unless
some new physics can be found which would improve the virtual neutron density.
While searching for possible resonant mechanisms, we noted that the capture of a
neutron onto a proton to form a deuteron would be resonant if the neutron originated
from a deuteron initially. Certainly protons exist in the Pd rods at a the few per cent
level in the excess heat experiments.

We have modeled the incoherent version of the process assuming that the
initial deuteron is perturbed by a small amount 6 F, but that all subsequent captures
and re-emissions occur in the Mossbauer limit of no phonon generation. In this case,
the neutron Hamiltonian is modified to become

v
2M,

H,=- +V(r)+ W(r) (17)

where the operator W (r) satisfies

] 1 1 )0 DY '
W(E)n(r) = 35 < ¥ ()| - BIE (5 7) > 5 < W5 (1), 1) Bl () bu(x')

(18)
Since the operator is of the form of an exchange term, we have termed the effect
resonant exchange scattering.

The exchange operator leads to Bragg scattering on the same footing as the
direct neutron potential considered in the last section. We may expand

W(r)eik-r . EWk_K'kei(k—K)-r (19)
K

where the expansion coefficients Wy _k k are computed to be

Wi gk = lu-B|*| 16apap ]3/2__V_N_e—|k|7/2(a,,+ap)e—lk—K|2/2(ap+aD) T KR,
: 6E  |(op+ap)?| Ve -

(20)
where the proton wavefunctions are parametrized by 1, ~ e~orlr-Ril?/2 and where
the center of mass of the deuteron wavefunctions is parametrized by ¥p ~ e~epir-Rif?/
In this expression, Vjy is the nuclear volume, and V. is the lattice unit cell volume.
The summation over j includes proton sites in the unit cell, and
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|“'B|2:ZI<1 S,Ol—ﬂ'BISS,M5>|2 (21)
Ms
The exchange terms can be added to the direct terms in the development of
the Green’s function in the presence of resonance exchange scattering; our results of
the last section can be applied here with the modification

Vk — Vk + Wik i (22)

Unfortunately, the expansion coefficients Wy_k x for the incoherent version of this
new process are smaller by very roughly four orders of magnitude from the expansion
coefficients Vi for direct potential scattering.

It appears that a coherent enhancement of the effect may be possible. The
resonant exchange scattering matrix element computed in second quantization is given
formally by

Wi =< k-K,L|H A_,plk,L> (23)

1
-+B%E

The evaluation of this expression yields

() _ 1 i i j i
Wilkk =22 2 2 55 < Wkl —u-BIYE >< U8 |- Blyfu, . >

4] Qp,&pt XD,&X 1

< b ap(D0D0p (0] o, (1)Bp.ary (4) > (24)
Using the parametrization of the proton and deuteron orbitals described above, this
leads to a result which can be cast as

W= T 55 < x(@)x(@)l-uBlx(an) >< x(ap)l-uBlx(ay)x(ar) >

Qp\Opt D,

3/2
[(Jﬁﬁ“_D)T} ‘:_/Ne-|k|z/z<ap+ap)e—|k-x|z/z(a,,+ao)[ZefK.R,
ap + ap

] < 5_[apanaplEyapanap) >
7

(25)
This result is the coherent generalization of equation (20), and differs in the presence
of possible coherence factors, which are expectation values over the many-particle op-
erators E_[apan,ap] = ¥, b;‘ap(i)bD,aD(i) and Xy [apanap] >=3; bB'aD/ (7)bp,a, (3)
These operators satisfy commuation relations identical to those of spin operators, and
permit the construction of eigenstates analogous to spin states. Such states were stud-
ied by Dicke, and lead to coherent enhancements of matrix elements of the sort which
appear in equation (25).

It has not been demonstrated yet that any particular mechanism is capable of
producing the requisite Dicke states which would lead to a coherent enhancement
of the resonant exchange scattering. It is our belief that diffusion in the quantum
limit would cause phase-preserving delocalization of hydrogen isotopes in a metal
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hydride, and that this would lead to the production of anomalous effects observed in
Pons-Fleischmann experiments. If this is true, then we would obtain

Wik i ~ NeohWi K x (26)

The coherence number could be on the order of the number of sites enclosed in a cube
with a volume which is on the order of V5 = Lfoh, where the scale length would be
determined through L), ~ v D7, and where D is the quantum diffusion coefficient
and 7 is the phase destruction time (which we cojecture will be the NMR T time). If
so, the coherence numbers of Neop ~ 101 may be attainable, which would cause the
coherent version of the resonant exchange scattering to dominate the virtual neutron
dynamics. This limit would require a more sophisticated calculation for the Green’s
function than the perturbative result given above.

6. Summary and Conclusions

We have proposed new coherent neutron transfer reactions to account for the
anomalies which are associated with Pons-Fleischmann experiments. In this paper
we have discussed the problems associated with the presence of a virtual neutron in a
second order reaction, and we have summarized recent progress which we have made
to date. Although lattice effects can cause a significant delocaliztion of the virtual
neutron wavefunction, they are insufficient to lead to observable reaction rates. The
coherent version of the new resonant exchange scattering mechanism which we have
found appears to have the potential to provide large theoretical rates. If our conjecture
is correct, the mechanism would be specific to deuterium in metal hydrides with high
diffusion coefficients at room temperature.

Heat production in the theory could come from at least two reaction pathways.
The neutron transfer could occur to the ground state of the acceptor (such as Li or
10B, and the energy transfer could occur to the lattice via the gap jumping mechanism
which we have found in an earlier work3. Alternatively, the neutron transfer could
occur to a relatively long-lived excited state of an acceptor nucleus (perhaps a Pd
isotope), which might subsequently alpha decay.
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ABSTRACT

On the basis of the analysis of the energy loss
by a fast particle in a solid it is supposed that the
most probable energy range for the reactions of nucle-
ar fusion in condensed media is in the range of the
reduced energy of the interacting particles from Ep
to €p (=~ (10-400)+1.6-16-19 J for D-D reactions).

The tritium generation rate has increased by
four orders of magnitude, while increasing the speci-
fic power bg a facto¥ of four, and it has reached the
value of 107 atomes™' when the neutron-to-tritium
yield ratio is in the range from 10-7 to 10-9.

The possibility of performing the reactions of
nuclear fusion in condensed media between deuterium
and target atoms at low energies is shown on the basis
of the high-energy B -radiation recording, the iso-
topic target composition change and the radiography
results.

1. Introduction

Investigation of nuclear fusion in condensed
matter (NFCM) was performed according to the follow-
ing stages: from groundless hopes to systematic search
for some effects published before and to detection of
the conditions under which these effects take place.

We were the first to use deuterium ion bombardment
of different targets out of the powerful glow discharge
medium for systematic investigation of the NFCM ef-
fects /1-3/.

The aim of this work is to determine the optimal
range of the NFCM energies when bombarding different

FRONTIERS OF COLD FUSION
©1993 by Universal Academy Press, Inc.
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targets with accelerated deuterium ions and to define
the neutron-to-tritium yield ratio more exactly.

2. Model concepts

As a basis of the model of deuterons interaction
in a solid it is supposed that the fusion reaction
between them will be possible when two deuterons and
one atom of the target matrix hit one intersite cell.
In this case the reaction must be threshold (the ener-

of displacement of the crystalline matrix atom is
%¥O-30)-1.6-10'19 J for different materials) and the
collisions of the deuterons between each other and
the target atoms are studied in the energy range exce-
eding the threshold one on the basis of the analysis
of the energy lost by fast particles in a solid. This
is possible at be havi correlation between local
(nuclear) and integral (atoms) collisions. Such an
analysis is developed rather well for other fields of
physics, in particular, for studying solid surface
sputtering /4/.

In terms of this analysis we supposed that one
of the possible energy intervals for nuclear fusion is
defined by the ratio of the elastic (nuclear) and none-
lastic (electronic) losses when accelerated particles
move in a solid.

The energy transfer from the moving ion to the
target atoms as a result of the elastic collisions is
called nuclear deceleration and as a result of the
nonelastic collisions - electronic deceleration. The
dimensionless values of the current coordinate R and
energy E are used in the theory of ion path in amor-
phous substances, developed by J.Lindhard, M.Scharff,
H.E.Schioett (LSS) /5/.

2
Bl ‘Miﬁ—’ / Z‘AZZ'G '
1+ TF
M, M
1772 )'47(3%F

=R ( ——5—
Jo (M1+M2)2

where R - energy of the incident particle; M, and M,-
masses of the incident particle and the targdt atoms,
respectively; Z1 and Z, - atomic numbers; a P Thomas-
Fermi shielding distange; e - electron charge.

The total average energy losses are equal to the
sum of the losses caused by the nuclear and electronic
deceleration:

s %% = N /5,(BE) + s (E)/,

where Sp(E) - nuclear decelerative ability; N - avera-
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ge number of atoms per target volume unit: Se(E) -
electronic decelerative ability.

Only one universal curve which is supposed to be
true for all ion-target combinations can be found by
varying (4€ /dp ) n depending on £ (fig.1). The peak
of the nuclear loss curve corresponds to £;=0.35.

The specific electronic losses are the following:

0.
(-85 g = e €97

w
o, &
$§i'08”\K ‘3£§:§§
b — 2 R
So RS
O 04 f P ",—f' 4'33.53
= N 3 TE
& 2 2SS
& ? ¢S
Q (=] ~
S &€ €2 3 93
K Reduce energy, €~ =8

Fig. 1. Reduced energy losses dE’/d versus
the reduced energy &£ O-

1 - nuclear (elastic) losses, Thomas-Fermi poten-
tial; 2 - electronic losses, Kg=0.2; 3 - electro-
nic losses, Ke=0.15; 4 - nuclear - to - slectro-

nic losses ratio (Ke 0.2)

The values K. for most of the deuterium ion -
target combinations~is in the range 0.1-3.

For deuterium ions bombarding the condensed
deuterium the calculated energy ?5 the maximum nuclear
losses corresponds to 30°1. 61017 J and the maximum
ratio of nuclear-to-electronic losses according t?
P.Sigmund /4/ corresponds to the energy T7+1.6°10" 9 J.

Thus, the maximum of the absorbed energy of the
atom collisions is near the nuclear loss maximum cor-
responding to the energy (see fig. 1) and the
energy, absorbed when the pArtlcles collide, decreases

considerably after the electronic losses exceed the
nuclear ones, that corresponds to the energy (see
fig. 1). In view of the above-mentioned we conglder
that the most probable range of the NFCM energy is from
o up to 62, the calculated values of which for some
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ion-target combinations are given in Table 1. In this
Table one can see that depending on the used ion-
target combination of the interacting elements the
energy of the maximum nuclear losses can reach a few
hundreds of keV. According to the accepted model thse
nuclear interaction efficiency for moderate ion fluxes
when using accelerated ions, can be estimated by the
coefficient similar to the sputtering one. We called
it the nuclear interaction coefficient which is the
ratio of the amount of one of the nuclear reaction
products to the number of the ions incident on the

target made of the given material:

84

_ numbexr of formed particles

number of incident ions

Table 1
Characteristic energy values for different
combinations of deuterium interaction with

elements
Target Ke Eo,eV E1, eV E2,eV
2H 0.09 (i 30 370
7Li 0.18 9 70 470
9Be 0.21 10 100 510
11B 0.24 11 130 610
23Na 0.42 14 310 730
24Mg 0.43 15 350 760
27A1 0.48 15 380 980
45Sc 0.73 18 700 720
48Ti 0.77 18.1 740 740
51V 0.81 18.4 780 670
89Y 1.29 22.3 1530 400
91Zr 1.31 22.5 1580 410
93Nb 1.34 22.7 1630 360
232Th 2.93 39 4520 -

The reaction product yield isn't supposed to
depend on the density of the bombarding ion flux.

3.

Experimental procedure and results

The plant construction and the experimental pro-
cedure of recording neutrons and tritium, which are
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brought about when bombarding different targets by
accelerated deuterium ions, are deseribed in /2/. The
discharge unit of the plant is designed according to
the diode circuit of the direct current in which the
specimen of the cathode is bombarded by the deuterium
ions out of the glow discharge plasma when the positi-
ve potential is applied to the anode. The lamellar
specimens ~ 130 mm in diameter and from 0.05 up to
1 mm thick, located on the cooled substrate, as well as
the cylindrical and rod ones having 5-20 mm in diame-
ter were studied. The deuterium containing protium
(up to 5% in atomic fractions) and tritium (up to
(5-7)+10-10%) and having the pressure within 10-5-104&
was used as a gas which generated plasma. The ion ener-
gy changed within (20-10%)+1.6+10-19 J both at the
expense of the supply voltage and at the expense of
changing the plasma generating gas pressure in_the
plant chamber. The current density was 25-5¢103 Aem~2
and the speciment temperature was from 300 up to 2100K.
The thermal effects of the fusion reactions were
determined by two methods at the experimental unit the
diagram of which is shown in fig.2. The heat flow
obtained as a result of the supposed nuclear fusion
reaction was determined by measuring the temperature
difference toth in the measurement section at the tem-
peratures up to 1000K and along the both sides of the
weld at the temperatures higher than 1300K by the pyro-
meter OMP-54. The accuracy of such measurements didn't
exceed *50%.

Some results of measuring the tritium fluxes
and their neutron ratio, when irradiating a number of
elements by the accelerated deuterium ions out of the
glow discharge plasma, are given in Table 2. In this
table one can see thet B-activity of the plasma-
generating gas considerably exceeds the initial one
after the gas exposure in the plant chamber under the
above-mentioned experimental conditions. The most
stable results on tritium generation were obtained
when bombarding the erbium and molybdenum specimens by
the accelerated deuterium ions and the maximum results
were obtained for the niobium_speg¢imens. The recorded
tritium fluxes were within 105-10 atomes=1. The unex-
pectedly high rate of tritium generation (~10 atomes=1)
was obtained when bombarding a material which doesn't
generate any hydrides under normal conditions, e.g.
when bombarding tungsten.

The recorded neutron-to-tritium flux ratio is
from 10=3 up to 10~9 and mainly depends on the recor-
ded tritium fluxes. Therefore, one shouldn't consider
it final.

The tritium content in the near-surface layer of
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the specimens after the ion bombardment didn't corres-
pond to its content in gas. The analysis made in the
flow detector according to the procedure of measuring
the electron spectrum depending on the energy (MSU
/6/) showed that after the deuterium ion bombardment

<
5
3
2
J
g

RRRITR
~0

s

re
\
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Fig. 2. The diagram of the device for
thermal effect determination

1 - molybdenum specimen base; 2 - a part of
the hydride-generating material; 3 - anode;
4 - ceramic insulators; 5 - thermocouples

the averaged tritium concegtration in the near-surface
niobium layer was 107-108 atom+s=2 and in the near-
gurface tungsten layer (the tritium concentration in
gas phase was less by an order of mggnitu?s) the tri§
tium concentration was within 5¢107-5-10 atom+cm™
The energy spectrum of the radiation from the niobium
surface %fig.B) is close to the curve of the tritium
P -decay.

The nuclear interaction coefficient when gene
rating tritium (specific flux) versus the bombarding
deuteron energy is shown in fig. 4. The feature of th
dependence is a_threshold availability in the range
70-150¢1.6.10-19 J, When increasing the bombarding io
energy for the materials under investigation, the nuc
lear interaction coefficient has increased from 10-14



Ratio of neutron and tritium fluxes when irradiating

by deuterium ions

Table

2

a number of materials

Ma- | Process parame-| Back- | Reduced |Ratio of | Tritium| Nuclear Neutron-to-
tg- rters groundr activity|deuterium| atom interacti: tritium flux
rial E, | 7, |7, pulse | in view factivities flux, (on coeffi- _  ratio
eV K h 100 s of back-lafter and| atom/s cient, min A%
ground, |before ex- atom/ion
Be/ml periments
o, - [- [- 240 130 = - - = =
Y |40 [1170] 80 | 210 290 2.2 1.2410° {4.1+1071%|8.5:107[1.7.1073
Y [80 [1270| 23 | 250 [1.2-10° 9.2 4.5410° [1.6°10712]2.2:10"7|4.4+10"5
Mo | 125 1470 10 | 150 6-10° 46 4.5410° {9.2+10712]2.2+10°7|4.4-10"5
Mo {100 | 970{ 10 | 170 [1.6.103 12,3 [1.84107 {5.9.107"2]5.5.1078]1.1-10~5
Nb |75 [1170| 162 | 230 [4.7°10% [3.6.10° 107 13.8410°13( 107  |2+1075
Nb {80 |1170] 60 | 700 3410°  [2.3410% [1.7410% [6.8+10"11]0.6-10"2]1.8-10~7
Nb {100 {16701 8 240 |5.5:10% [4.2:102 [0.9410% {1.2:10719(1.1.10"%|2.2410~7
Er |50 [1070| 140 | 460 [1.2.10° 9.6 3.1410% {9.9:10719(3.2-1076 |6.4-10™%
Er |70 |1270] 6 530 |8.9+10% 6.8 1.5°107 [3.2°10712[6.7-1078|1.3-10"9
Ta |70 [1570( 110 | 350 ]3.1+103 | 23,5 9.6+10% [3.6-10"14]1.1.10"6|2.1.10~4
Ta |90 [1670] 5 180 [1.62103 | 12.3 3.4+107 |7.3°10712|2,9.10"8 |5, 94106
W [70 {1500 115 | 600 [8.5.10° [6.5:103 |2.5°10% |9.1.10"12{4.10"% lge107
w110 [1670) 10 | 760 [1.3-10% | 102 1.74108 [2.5.1071"|5.8:1079 |1.21076

£1g
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Fig. 3. The energy spectrum of P-radiation on
surfaces of different materials
1 - tungsten after ion bombardment (E=70°1.6° «10719 J,

T=1500K,T =115 h); 2 -~ niobium after having been satu-
rated with tritium by means of electrol§31s, -niobi-

um after ion bombardment (E=75°1 10-1 T=1170K,
T =162 h); 4 - starting tungsten
byt
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Fig.4. The nuclear interaction coefficient when
generating tritium versus the energy of the
bombarding deuterium ions for different

target materials
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-10-13 atomeion-1 up to 10-11 - 10~10 atom+ion-1. The
average value of the threshold energy is by an arder of
magnitude higher than the 6c)estimation made accord-
ing to Sigmund and 2-5 times higher than the displace-
ment threshold ((10-30)+1.6+10-T9 J). One failed to de-
termine explicit the energy corresponding to the maximum
values of Yp. It is supposed to be in the range (200-
400)+1.6+10-19 J. This energy is almost by an order of
magnitude higher than £ £(30¢1.6+10-19 J) for the deu-
terium target, that may be caused by the metallic mat-
rix effect. The obtained, rather low values of the
energies of the maximum nuclear interaction can be

also connected with the features of the experimental
procedure, according to which the experiments with the
deuteron energies exceeding 500+1.6°10-19 J were per-
formed at lower pressures of the plasma-generating gas
and, therebefore, at lower deuterium concentrations in
a metal,

Thus, all the reproduced and reliable NFCM re-
sults can be most effectively obtained in the range of
the energie? of the bombarding deuterium ions from
100+1.6°10=19 J up to 500+1.6°10-197,

The availability of the radiation from the sur-
face is also verified by the specimen radiography
(fig.5). The radiogram with the total exposure of two
emulsion layers 0.,02-0.,03 mm thick, located on the both

o . * . e

Fig.5. The yttrium specimen radiogram (T=1170K,
T =80 h):
a-starting film; b-the emulsion layer adjacent to the
cpecimen is removed
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sides of the triacetate base 0.16-0.18 mm thick (see
fig.5a),as well as with the exposure of the same film
but with the removed emulsion layer directly adjacent
to the specimen (see fig.5b) is shown for yttrium.

One can see that the film is pointwise exposed from
the outside, though the number of the points is less.
The outer emulsion layer was probably exposed at the
oexpense of availability of the particles or radiation
having a higher penetration rather than at the expense
of the radiation caused by the tritium JB-decay.

The recording of j;-radiation from the yttrium
specimen surface, with the gas detector the thereshold
energy 160 keV and the efficiency 60%, allowed to re-
cord the count level excess over the background up to
12% and to measure the time response of the decay
(Table 3).

Table 3

B-radiation pulse count rate versus time f?g
yttrium after ion bombardment (E=110+1.6+10"17J,
I=0.3 A, T =24 h)

Time
(counting
origin-bom- 1 7 31 79
bardment fi-
nish), h

Counting
rate (mi- - S
nus back- |0.12%0.10/0.055%*0.048/0.031%0.021]/0.015%0.0
ground),
pulsees-

According to the estimation the ggY generation
rate is equal to 1-10-1 atome.s=1, that”accounts for
10-6 of the tritium generation rate.

The results of the thermal balance measurement
(fig.6) are compared with the calculated temperature
difference for the total power 1, for the supposedly
maximum power dissipating at the specimen of the cathod
3 and accounting for 50% of the total one, for the mi-
nimun power dissipating at the specimen of the cathode
4 and accounting for 30% of the total one and for the
experimentally measured one 2. In comparison with the
estimations of the heat coming to the speecimen of the
cathode the maximum excess for the total applied power
70 W at the temperature ~ 600K was from 30% up to 100%
supposedly as a result of the nueclear fusion reaction.

The tungsten and niobium specimens were investi-
gated before and after the deuterium ion bombardment
at the device MS-720IM by the secindary ion mass-spect-
rometry (SIMS) method. The ratios of the intensities of
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the mass peaks of the specimens under study in the
initial state and after the ion bombardment are given

in Table 4.

Power, W.

Fig. 6. The temperature difference versus
the applied power

1 - calculational dependence for the total
power; 2 - experimental dependence; 3 -~ estima-
tion for the maximum power dissipated at the
cathode; 4 - estimation for the minimum power
dissipated at the anode

Temperature difference K.

Table 4

Change in the ratio of the ion current of the

elements to that of the light isotope of the

specimen material as a result of the deuterium
ion bombardment

Mass Ion current ratio

AMU’ %?%E%%% Niobium after| Initial g

bombardment tungsten mgg ar

93 1 1 - -
94 0.07 0.7 - -
182 - - 1 1
183 - - 0.69 0.76
184 = - 1.25 1.16
185 - - 0.16 0.24
186 - - 0.01 0.86
187 - - 0.16 0.18
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The peak of the 94%h pass in the niobium-spectrum
has considerably increased after the deuterium ion bom-
bardment. In this case the presence of the 95th mass
(NbD) hasn't been detected.

Thus, the emulsion exposure from the outside du-
ring the radiographic experiments, availability of the
high-energy f[3-radiation as well as the isotopic com-
position change registered by the SIMS mean that at
relatively low energies the following NFCM reactions
are possible not only between the deuterium atoms but
also between the deuterium and target atoms:

1

93 2 94
41Nb+ 1H —— 41Nb + 1H + 5 MeV.

4. Conclusion

1. The threshold character of the dependence of
the nuclear interaction rate on the energy of the bom-
barding deuterium ions has been detected in the NFCM
reactions. When increasing the ion energy by a factor
of two (from 50.1.6-10-19°J up to 100-1.6-10-19 J), the
tritium generation rate has increased by 2-4 orders of
magnitude.

2. The new energy range ((100-500):1.6°10-197)
allowing to increase the reproducibility and reliabili-
ty of the experiments was determined for the NFCM in-
vestigation.

3. It is shown that the dependence of the nucle-
ar interaction coefficients on the atomic number of the
target element isn't monotonic. The highest values of
the nuclear interaction coefficient were obtained for
niobium ( ~10-10 atom-ign-1) and for tungsten and haf-
nium ( ~10-11 atom-ion-1).

4. The tritium fluxes reaching the value of
109 atom-s-1 and the neutron fluxes close to the back-
ground ones don't allow yet to consider the_neutron-
to-tritium flux ratio at the level 10~2-10"7 to be the
final value.

5. The calorimetric measurements shouldn't be
interpreted unambiguously yet because of the low sen-
sitivity and accuracy of the experiments. The subse-
quent increase in the measurement accuracy and mat-
ching between the generated heat and the other NFCM
products is required.

6. The data on radiography, high-energy fgB-radi-
ation recording as well as on changing in the isotopic
composition of the target show that at relatively low
energies the NFCM reactions between the deuterium and
target atoms, which are similar to the deuterium-
deuterium reactions, are possible.
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ABSTRACT

In dense plasmas, the ensemble of fusing particles has a significant ex-
change of kinetic and potential energies. Because of this condensed matter
effect (CME), the higher Z nuclei thus have a larger reduction in fusion rates.
Our proposed solution of the solar neutrino problem finds a larger reduction
for “Be(p,v)8B than for p(p,etv,)D. Our CME predictions are consistent
with neutrino detection experiments. CME have broad ranging astrophysical
implications; may account for the anomalous branching ratio in cold fusion;
and may be testable in laboratory beam fusion experiments with solid targets.

1. Introduction

It has recently been shown [1,2] that the conventional nuclear physics de-
scription of fusion reaction rates needs to be modified in laboratory and as-
trophysical environments due to CME. The conventional fusion rate R.,n, for
nuclear fusion reactions between two nuclei is written as Rcony, o (ov) where
v is the relative velocity representing the incident flux and o is the fusion
cross—section. However, in condensed matter environments, R.,,, needs to
be modified to a new expression Rpe, o (GT), where & is a modified fusion
cross—section and T is an average velocity of the incident particle in condensed
matter which can differ significantly from the incident velocity. As a specific
application of our new formulation of R,., to hot fusion, condensed matter
effects for the solar neutrino problem will be presented. Application of our
new formulation to cold fusion rates explaining the anomalous branching ratio
for deuterium—deuterium fusion is in progress.
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2. Effective Flux Velocity

For the purpose of obtaining quantitative estimates of CME, we use a

“shifted” screened Coulomb potential with an interior square-well nuclear po-
tential Vi(r):

-V, r<rN
1 1
‘/S(T‘):: Z,'Zj(i’g(;—r_) , Ts>T 2TN (1)
0, Te>T 2T

For a number density of condensed (target) matter, n, and elastic cross—
section ., the mean free path is A\, = (no.)™! = r. — r; and for the fusion
cross—section oy, Ay = (1/nos)+r2 = (Aeoe/o;)+r2, where r; is chosen as the
classical distance of closest approach (turning point) for a given barrier. The
average interatomic distance is ~ 2r. in condensed matter. Then the average
velocity (o< effective flux) can be written as (v) = Ag/[(0e/0oy)(ti+to)+tp+EN]
= [(re=r2)(0e/os)+r2)/[(ti+to)(0e/0s)+ta+iN] where t;, to, tp and ty are the
times for the incident particles to traverse distances (re—7;), (rs—r2), (r2—7n),
and rpy, respectively. For the case of ¢, >> oy, (v) reduces to (v) =~ 7 =
(re = r2)(ti + to) = [(re — r5) + (rs — 72)]/(ti + to).

The traversal time t(3) = to of the incident particle 7 in the presence of
the barrier due to the target species j can be estimated in the WKB ap-
proximation for the case of Vi(r), eq. (1), with £ < B = V(rn) as t(j) =
f:;((j)) [(2/wi; )| E — Vi(r)|]"**dr where wi; = mym;/(m; + m;). Using t(3), we
calculate ¥(v) and F(E) = 7/v as a function of v or E = pv?/2. Our calcula-
tions show that 7 < v where v is given by v = v; = (r, — 74)/t;.

3. Fusion Rates

The conventional fusion rate between two species of nuclei, ¢ and j, with
number densities n; and n; is conventionally written as Repne = [nin;/(1 +
6:,))(00) 1y, Where

(Vs = [ v [ @0 f (@)@ o (0) = [olwppf)ds (@)

with kinetic energy £ = uv?/2, in the center of mass (CM) frame and the

Maxwell-Boltzmann velocity distribution, f(v) = (u/2wkT)%/? exp(—puv?/2kT)
where g is the reduced mass.

Because of the continuous exchange of kinetic and potential energies in
dense plasmas, the original velocity v whose distribution is described by f(?)
= (p/27kT)%?* exp(—puv?/2kT) is reduced to = u(v) < v. The origi-
nal pair total energy, m;v}/2 + m;v?/2 = (m; + m;)V?/2 + pv?/2, becomes
(m; + m;)V?/2 + pu?/2 + W(u) where W(u) is the potential energy, W (u)
= wv?/2 — pu?/2. Therefore, the original velocity distributions f(v;)f(v;) =
f(V)f(ﬁ') are replaced by f(V)f(u) where f(u) is given by f(u) = (p/2xkT)*'?
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exp [—(pu?/2 + W)/kT). Since f(u) does not conserve particle number due to
[ f(uw)d®u # 1, f(u) is replaced by f(u), f(u) = f(u) &®v/d*u = (/L/~27rkT)3/2
exp (—pv?/2kT) d*v/d®u which gives particle number conservation [ f(u)d®u =
1.

The velocity ¥ is the appropriate value to be used for the fusion rate rather
than v(= v;) which has been used in the conventional eq. (2). For dense
astrophysical or laboratory plasmas, when a projectile particle ¢ moves through
the plasma with velocity u = v, the probability of a fusion reaction per unit
path length of the projectile is given by P, = njo where n; is the number of
target nuclei per unit volume of the plasma. Because of the elastic scattering
processes described previously, the projectile traversal distance per unit time is
u, and not v. Then the fusion reaction probability for the projectile path length
per unit time is P = uP; = un;jo. The rate at which n; projectiles per unit
volume, each moving with a speed u(v) but in random directions, will react
is then R(u) = njuP, = (nju)(njo). If a projectile velocity distribution f(u)
is given, then the new fusion rate is given by Rpew = [nin;/(1 + 6:)]{00) new
where

(V)00 = /o(u)uf(u)dsu: /U(u)uf(v)dav
(3)

<%>1/2(k—Tl)3ﬁ /0°° o(E)F(E)E exp (—EET)dE 5

and E = EF?(E). We note that (0v),,,, < (0V)cony-

4. Results

The new fusion rate formula, eq. (3), is applied to the solar neutrino
problem. Table 1 shows our results of applying CME reduction factors of
(0V) new/(0V)eony = 0.79 and 0.48 for p(p,etv.)D and "Be(p,v)®B, respec-
tively, to the standard solar model (SSM) calculations of Refs. (3], [4], and [5].
Data collection periods (month.year - month.year) are indicated for Refs. [6]
and [7].

The observed neutrino flux due to “Be(p,~)®B(etv.)®Be*(a)*He by the
Kamiokande-II detector [10,11] is 2.7 x10%(14£0.11 (stat.)40.13 (syst.)) cm™2s!
compared with the SSM result [3] of 5.7 x 108 cm™2s™!. Our result of applying
the CME reduction factor of (0v) ey /(00 ) cony = 0.48 yields 2.74 x 10% cm™2s71.
which agrees with the experimental data [10,11].

5. Conclusions

We conclude that anomalies in both hot and cold fusion have a common
origin in CME. It is noteworthy that overlooked CME may supply both the
solution to the long standing solar neutrino problem, as well as an explanation
for the anomalous branching ratio for D — D fusion.
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Table 1. Comparison of CME results with the experimental data [6-9].

Rate Ril with 37Cl Detector | Rate RE‘;“ with 1Ga Detector
(SNU) (SNU)

Neutrino BU TCCD | BPML BU TCCD | BPML
reaction (3] 4] 5] 3] 4] [5]
p(p,etve)D 0 0 0 70.8 70.6 70.0

(CME) (56.0) | (55.8) (55.3)
p(p + e ,v.)D 0.2 0.2 0.22 3.1 2.8 3.0
"Be(e~,v.)"Li 1.2 1.0 1.06 35.8 30.6 32.5
8B(etv.)®Be* 6.2 4.1 5.73 13.8 9.3 13.1

(CME) (3.0) (2.0) | (2.75) (6.6) (4.5) (6.3)
BN (etv)13C 0.1 0.1 0.1 3.0 3.9 3.53
150(etv.) 5N 0.3 0.4 0.318 4.9 6.5 5.58

SSM Total |804+1.0|58+1| 7.43 |131.5%]|124+5 127.7
(1a) (1a) (1o) (19)
SSM + CME 4.0 37 4.45 109.5 104.5 106.2

Total
Experimental (3.70 — 85) [6]: 2.1 £ 0.3 GALLEX [8): 83+ 198

Results (3.70 — 3.88) [7]: 2.33 + 0.25 SAGE [9]: 20%15 £ 32

(8.86 — 3.88) [7]: 4.2 +£ 0.7
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New Hydrogen Energies in Specially Structured
Dense Media : Capillary Chemistry and Capillary
Fusion

Jean-Pierre VIGIER
Université P. et M. Curie, CNRS URA 769
Tour 22-12, 4me étage — Boite 142, 75005 PARIS

ABSTRACT

The analysis of presently observed facts suggests
that excess heat {above break-even) and concomittant
cold fusion processes result from two different
mechanisms which have a common origin in e.m. current
behaviour in dense media (the Ampére forces). They both
result from already known properties of nuclear forces
and quantum mechanics.

1. Introduction.

The present 1992 Nagoya Conference clearly
illustrates the existing gap between growing evidence of
new phenomena, tied to the presence of hydrogen and

deuterium,in various types of electrodes. It can now be
stated

A) that one has demonstrated the Fleischmann-Pons claim
that there exists a significantly (now reproductible)
excess heat (above break-even)

1) in electrolytic heavy water phenomena (see their new
experiment)

2) 1in specially prepared palladium plates coated with
deuterium oxide and gold (see Yamaguchi et al.)

3) in glow-discharges on deuterated palladium (see
Kucherov et al.)

FRONTIERS OF COLD FUSION
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This property has also been observed in zingc,
titanium etc: the most striking being in tungsten bronze
(see Barabushkin-Kabir et al.). Apparently there 1is
growing evidence
- that the 1initial non reproductibility of such
experiments is related (as shown by Kabir) with defects
(cracks etc.) in certain samples utilized
- that excess heat grows with current intensities (i.e.
with conductivity) in electrolysis and with increased
loading of the electrode with heavy water or deuterium
—~ that it appears with a time delay (varying from
minutes to hours) after the loading reaction starts
- that due to the variety of material utilized, it does
not result from known chemical reactions

B) The observation of very small quantities of "fusion

ashes" i.e. neutrons, He3, He?, tritium (and charged
particles) but the essential fact remains

1) that if they result (as believed by the author) from
already known nuclear reactions (D+D etc.) these are
not, by very far, 1in sufficient quantities to explain
the observed excess heat

2) that these fusion reactions occur in conditions of
temperature where there is no apparent possibility to
explain in this way how the corresponding ions overcome
their Coulomb repulsive barrier: hence their name "cold
fusion”.

3) that there is nevertheless an apparent correlatiorn
between neutron production (whether continuous or 1ir
bursts) with this excess heat production.

C) that the excess heat phenomena also appears 1in the
total absence of fusion ashes 1in various set-ups
utilizing hydrogen and ordinary 1light water. I only
mention here the Baraboshkin-Kabir, Srinavasan anc
Yamaguchi experiments. This new fact evidently cannot be
explained by fusion mechanisms and implies the
appearance (tied to H and D properties) of a new still
unknown chemical type of phenomena. The facts A) B) C)
evidently imply the following set of immediate evident
questions:

1) Where does the excess heat come from? For heavy water:
or fusable conductors such as deuterium lithium etc? Fozx
light water or hydrogen? Has it the same origin or not?
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2) Why are such experiments not always reproducible with
apparently similar samples? Does this result from
structured differences in the same products? or not?

3) Why is there a delay in time?

4) What is the origin or the observed energy bursts? Why
are they correlated with neutron bursts?

5) If excess heat does not come from fusion and/or known
chemical reactions in various types of electrodes what
is 1its nature and 1its relation with observed fusion
processes?.

In the presence of such facts and questions two
main theoretical attitudes are possible.

1) We are observing something entirely new 1im the
nuclear domain in the presence of condensed matter: i.e.
fusion 1s tied to some structured properties of
palladium (loaded with deuterium or heavy water) related
to its lattice reactions (i.e. phonon propagation etc)
or collective resonance reactions of fusing plasma
enclosed within lattice structures. This is the line now
followed by most theoreticians starting with Prof.
Preparata on this panel.

My criticism of this is 1) that this line does not
(to my knowledge) explain point C). 2) that it does not
explain the gap between the quantity of fusion ashes)
(i.e. nuclear fusion reacitons) observed and the excess
heat itself.

2) that (within of course the present energy interval
utilized)

- the present nuclear theory is wvalid: including the
various branching rations of the D+D reactions

- that the present quantum mechanics formalism is also
valid in that field

- that the interpretation of the facts A)B)C) to explain
Ay and C) simultaneously thus implies the
observation/action of new specific physical properties
tied to the geometrical structure of the electrodes
and/or absorption loaded material.

A) modifies both H* + H* and D* + D¥ reactions in order
to obtain excess heat in terms of a new chemical-type
reaction compatible with quantum mechanics.
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B) explains simultaneously the apparition (in very small
quantities) of the observed fusion reactions: at least
for very low intensity currents.

C) leads to reasonable predictions for new types of
experiments.

&1l. Charged particle Concentrations in Capillary
Conductors

Within this later frame let me present here some
facts and assumptions which (in my opinion) should be
introduced as founding stones of a forthcoming developed
model of the (presently known) facts presented at this
Nagoya Conference. The first class of new facts now
experimentally related with new current properties
in condensed matter have been known and confirmed for
some time. They are known to specialists as consequences
of the action of the "Ampére Forces" empirically
discovered 1long ago by Ampere (1823) and recently
revived/justified by Graneau(l), Phipps(2), Rambaut and
Vigier (3) and very recently by Saumont(4). This force
(which does not contradict presently known laws of
classical and quantum electrodynamics for free charged
particles) represents the collective interactions of
charged current elements (i.e. of a mixture of positive
ions with orbital and conducting electrons) presents the
new remarkable characteristic of introducing unknown
(now confirmed by experiment(4)) longitudinal repulsive
forces between colinear current elements. Written in the
usual notations (DFmn is a Newtonian force of repulsion
(if positive) or attraction (if negative) between two
current elements of length dp and dp and passing
currents in and 1ip respectively. The angle of
inclination between the elements is € and o and P are
the inclinations of the elements to the distance vector
Imn) wWe have

S ;.ln. dn (2¢ = X cos
AFE,, Se L %ﬂ (Zcosé 3cos¥ ¢ /3)(1)

which gives for the longitudinal force

AF = 4 i, .1, do.de (2)

. n
4T Pos
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Fig. 1 showing how a tungsten Sketch of an X-
conductor is cut into pieces ray photograph
called usually (beads”. The of deuterium
tungsten wire is photographed

during the currentpause

fibre fragmenta-
(Uppsala expeirments)

tion
has the evident consequences of creating standing
longitudinal current concentrations in conductors i.e.
to split them into string of beads which interrupt the
current at high intensities

This creation of strings of
(repulsive)

current concentrations correspond to the
nodes of the longitudinal standing waves of wavelength
1/n (with n 1integer) which appears between the
extremities of a limited current with fixed end points
separated by a distance 1. If an electrode contains rows
of capillaries the ionization or injected currents thus
induces (as a quasi-static wave system 1is created) the
possibility of screening effects (which induce fusior)
or, as we shall see, new ion-electron-ion systems which
might explain excess heat

329

liquid and solid
(as illustrated in the two
and (2) to distert the usval current V€
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§2. Interpretation of Excess heat in terms of a new type
of chemical reactions

Two different physical consequences can be derived
from the existence of the current beads on the behaviour
of ionized ions 1i.e. the creation of hitherto unkpown
very tightly bound states HWY+H+€=H; and ’D'+'DQ€'=%+
states which correspond to the combination of two ions
which rotate rapidly in stable Cype Bohr orbits around
an electron squeezed between them. This new type three
body system corresponds to a new unknown quasi-molecular
state (whose stability will be discussed later). As we
shall now limit ourselves here to a simplified
calculation, This corresponds for deuterium (according
to the usual formalism) to binding energies of the order
~50 kev which account for the excess heat released
without appreciable fusion contribution.EThis idea first
suggested by Barut (in a private communication) was also
proposed (with the same 50 kev binding energy) by
Gryzinski in Gamov type analysis (Nature 338 (1989) 712)
of the collision between (H or D) ions and atomé].The
electron's orbit flattens perpendicular to the line of
the colliding ions . It can be squeezed between them and
stabiliy ed there by the surrounding electron cloud{ihis
method of quantization and the role of intervening
electrons explains some types of observed regular
collective motions (i.e. cluster formations) which can
contain triangular, tetrahedral cubic... configurations
which move collectively and have been observed to have
strongly enhanced (by many orders of magnitude with
individual particles)d~This configuration naturally
arises when the Ampere force cuts the current into beads
in a capillary since the situation of the ions then
resembles what happens to fast going cars which crash
successively 1into each other during a slowdown
(accident) on a modern highway. This situation is very
different from the usual quantum mechanical
interpretation of chemical phenomena i.e. of the normal
states of HEOmd D>t which are assumed (according to the
Born-Oppenheimer approximation) to correspond to the
rapid motion of the electron in the field of two almost
fixed nuclei. If one first neglects the spin anc
considers two masses M (with charges z) rotating at s
distance r from a mass m (charge z) 1i.e.

1 z L
Qr7r¢
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this gives the Hamiltonian
=27 +«(2Z:2 +Z*
H=iE +«(252 420

which when quantized by the usual Bohr-Sommerfeld method
jpd7= nth with h = ¢c = 1) i.e. flelds p =

(A p) 221z ) i-e. energy levels E,=-f Mciziteg”

- For the He atom this yields E,=-§£/2 Ry d close te
the observed value=5,69 Ryd.

- For Hs* and ZIZ+ the Bohr energy levels are
approached by E,=-(9/1¢YM «*¢n z) which correspond

to ground states of 28,1 kev and 56,2 kev for Hp* and D,*
of course. This crude calculation should/can be extended
to include spin-spin and spin-orbit calculations
and also made relativistic (a detailed calculation is
submitted for publication) using an effective potential
VIR =2+) =L+ 1)) MR (3 /R) ¥+ 4 (ol/m]7*R 370
which yields very different minimal values and 1/Mo

(Bohr radius for the proton) for Hpt. At short distances
spin-spin interactions grow like 1/r3 (compared to ﬂr?or
Coulomb 1nteractlons Spin-orbit interactions (i.e. M=
e M((L.S)/Me)2 M«4(M/m)) are of the order of 10 kev
(40 kev for D) i.e. comparable to the Coulomb potential.

They are attractive or repulsive according to the sign
of L. =Gp)XT(F4)~ Lcb+q) —3/4) so that the
attractive case can increase the binding energy to
stabilize the new configurations and thus help fusion
tunnelling in some cases.

This model implies evident consequences

- Evidently the excess heat energy obtained with Hy*t is
one fourth of the amount obtained with P,*

. This heat depends on
the number of Hyt and Dp* (or light and heavy water H,0
and Dz+0) i.e. on the 1loading of the capillaries
contained 1in electrodes. Excess heat is created only
when they are formed i.e. not necessarily immediately
since individual caplllarles internal situation evolve
with time.
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Fig.3. Drawings reproducted from the refs. [14] and [16]
showing the principal elements which describe the
capillary fusion experiments performed by Lochte-
Holtgreven et al. [14] F.C. Young et al. N.R.L. 20
(1983) 439. [16] J.D. Sethian et al. P.R.L. 59 (1987)
585.

There exists the possibility to start chain formation of
H2 or D2+ which would explain heat bursts i.e. fusion
waves of the Winterberg type. After some time the
reaction stops and the new compound molecules (ﬁ§+, D2+)
leave the system for goodm

We now come to the question of "cold fusion".

&3. Cold Fusion Process in Capillaries

If one recalls that in some experiments there
exists a correlation between excess heat and neutron
emission and accept the fact that the later cannot
explain the former the simplest possibility is to
attribute both a common origin i.e. the beads of current
concentration described above. Since it is evident that
in D"+ DY ion fusion the ions do not have a sufficient
velocity to overcome the repulsive Coulomb barrier the
only possibilities left are
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- to assume a screening mechanism (i.e. lowering of the
barrier followed by tunneling) tied to electron
concentrations: a process discussed by many participants
here (also supported by Rambaut and myself(5)) .,

For lack of space and time I will not discuss it
here but only recall/indicate that it has been analyzed
in various ways in the literature... and even extended
to possible double screening processes (electrons plus
ions) by Rambaute

- to assume that the presence of an electron between two
ions leads to unstable quantum closely bound quasi
molecular quantum states which facilitate tunneling(d),
The existence of these new types ©f cold fusion
mechanism opens interesting new possibilities for
research and future wutilisation. Frem theobserved
correlation between excess heat neutron emission and
injected current pulses of the type wutilized in
capillary fusion (of z-pinch) one may obtain excess
energy which mainly originates in this case from fusion
processes. This 1s already strongly Sugq ested by
capillary experiments initiated in France (presently
developed in Belgrade using Li(NDg4)3 as conductor by
Professor Mari® on my suggestion) which shows growing
neutron fluxes with growing current intensity (at
significantly intensities)plus increasing neutron fluxes
with decreasing capillary diameter.. They evidently
justify the results obtained in Kiel some time ago by
Lochte-Holtgreven and are represented in Fig. 2 . 1In
Belgrade as in z-pinch experiments (by Sethian et al.
(PRL [16]) one has obtained neutron bursts of ~1012
neutrons in a few nanoseconds in frozen deuterium
threads) by shooting ~106A in a few nanoseconds.
Evidently the neutron flux grows like a high power (~8
or 10) of the current intensity. The Belgrade
experiments suggest that big efforts should be made 1)
to reduce the time duration of the triggering current
pulses 2) to build fast switches to suppress the input
current (second maximum in Fig. 3 ) after the Ampére
force has cut it itself (see the first maximum of Fig.3)

Conclusion

From this too brief analysis one can derive some
experimental proposals and recall two quotations
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A) New experiments are urgently needed

1) Rede all experiments presented here with heavy and
light water (or with hydrogen and deuterium

2) Look at clustering theoretically and experimentally
and look for radiation emitted by Hat and Dz*t.

3) Push forward microscopic structural analysis of
palladium bronze etc to look for capillaries (seen 1in
bronze by Kabir) and compare systematically successful
and unsuccessful samples

4) Try high current intensity very short current
discharges in various situations (in conducting fusion
material)to see if they increase excess heat production
using loaded electrodes to increase the effecta.

B) A big theoretical open minded effort is evidently
needed

1) As stated by Einstein "Humanity is w.r.t. modern
science like an inexperienced harseman on a wild horse".
Evidently the wild horse of cold fusion has left the
stable and is presently running

2) As stated to me long ago by Vg;&awahimself "When new
facts appear the true theoretician should adapt his
theories to these facts not the reverse. We are still

far from a correct disantanglement of facts in condensed
matter.
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Cold Fusion Researches in China - From
Confirmation to Analyzing the Mechanism

Xing Zhong LI
Department of Physics, Tsinghua University
Beijing 100084 CHINA

ABSTRACT

While the number of activities was decreasing, the quality of the re-
search activities on cold fusion was improved in the third year. Neutron
emissions from the glow discharge tube with flowing deuterium gas are
addressed to confirm the anomalous nuclear phenomenon. “"Combined
Resonance Tunneling” and the concept of "Semi—Resonance” are pro-
posed to be the possible mechanism.

1. General Situation

After the Como conference some institutes slowed down their steps
due to the unfavorable atmosphere about the cold fusion (the close of Na-
tional Institute of Cold Fusion at Utah etc.), or due to the difficulties in
repetition. However, the cold fusion researcher in China survived and the
quality of researches improved. Enlightened by the discharge tube experi-
ment at Institute of Southwestern Nuclear Physics and Chemistry 3 in
1989, Professor Long He—Qing of Sichuan Institute of Material and Tech-
nology continuously improved his glow discharge tube experiment and
obtained the evidences of anomalous neutron emission. The emission rate
has been enhanced by a factor of ten in a year and it is reproducible. Insti-
tute of Applied Physics and Computational Mathematics helped in theo-
retical calculation to show that those neutron emissions were not caused
by any beam—target effect or hot fusion. Furthermore, two days continu-
ous neutron emission was monitored in an electrolytic cell at Institute of
Southwestern Nuclear Physics and Chemistry also. The neutron energy
distribution after slowing down was comparable with the standard
neutron source. An accident of the explosion of electrolytic cell there was
analyzed, and it was found that the energy released was much more than

FRONTIERS OF COLD FUSION
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that from any possible chemical reactions.

Tsinghua University persists its "dry” experiment with CR—39 solid
nuclear track detector. The resistance of palladium wire was measured in
situ in a pressurized vessel to watch the evolution of a deuterized
palladium wire. The Silicon Surface Barrier Detector (SSD) was used to
detect the energetic charged particles in real time. Searching in the com-
bination of parameters (pressure, temperature, loading ratio etc.), we ex-
pected to find the precursor of the burst signals in the SSD. In the same
time Tsinghua University Group proposed the “Combined Resonance
Tunneling” and the concept of "Semi—Resonance”, Y which may pro-
vide the possible mechanism to explain why the Coulomb barrier is pene-
trated at low incident energy and why the small nuclear scale reactions are
affected by the large crystal scale parameters.

The team at Southwestern institute of Physics continued their exper-
iments in the deuterium plasma of magnetic mirror machine and in a
coaxial AC discharge tube. The bursts of neutrons appeared once and
once again. The experiments persist, although the leader of that team was
in a cancer disease.

The China Institute of Atomic Energy measured the time—behavior of
the signals after the bursts, in order to distinguish the neutron signal from
electronic noise in a temperature cycling of metal (Ti)—deuterium system.

Beijing Normal University resumed their electrolytic cell experiment
with a palladium electrode from Russia shortly before the conference, and
the neutron signals were found again.

Xiamen Umver5|ty made a helium detection system, which is able to
detect 4x 108 helium atoms in deuterium matrix. A Zr—Al pump system
was set up for separation of helium from deuterium.

Chengdu University of Science and Technology attempted to corre-
late the excess heat with helium production in an electrolytic cell with
titanium electrode. The mass—spectrometer measured different results
from the Ti sample above the electrolyte surface and the Ti sample beneath
the electrolyte surface.

Institute of Chemistry, Academy of Science, proposed a State—Field
Theory of Thermodynamics which implies a critical value of heat dissipa-
tion during the electrolytic process in the cell. It is claimed that cold fusion
is possible only if the heat dissipation is higher than this critical value.

University of Science and Technology of China, Graduate School in
Beijing observed energetic charged particles not only from the deuterized
palladium, but also from the Y,Ba,Cu;0,.5 superconductor / Deuterium
system, using CR—39 technique.

2. Continuous Neutron Emission from Glow Discharge Tube

As a strong evidence of the anomalous nuclear phenomenon. the
neutron emission from the glow discharge tube has been carefully studied
since April 19, 1989. It is found that the metal film on the surface of glass
bulb and the flowing deuterium gas are two key points to make neutron
emission reprodumble The emission rate has been enhanced from
10° n/sec to 10* n/ sec; therefore, the neutron emission can be con-
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firmed by activation method which is free from the electromagnetic noise.
Indium foil and iridium foil are used as activation detectors, both of
them give the same results for the average neutron influx,
~10* n/ (m? -« sec). ¥

The energy spectrum of the neutron emission was measured by the
fast neutron curtain to distinguish the neutrons from hot fusions. If there
was beam—target effect to produce the d—d fusion, the energy of neutron
should have been less than 2.45MeV. However, the energy spectrum
showed clearly that there were two groups of neutrons, one group had the
energy greater than 2.45MeV, and another group had the energy less than
2.45MeV. The number ratio of the first to the second group was greater
than 9. Consequently, this neutron emission confirmed the existence of
anomalous nucleareffectin deuterium / solid systems.

The interest point is that palladium turns out to be not necessary for
neutron emission. Platinum, niobium, tungsten, palladium, silver, copper,
molybdenum and iron are all tried as an electrode material. All of them
have the neutron emission, the difference consists in the quantity of
neutrons, which is the greatest for Pt and the least for iron.

3. "Combined Resonance Tunneling” and "Semi—Resonance”.

Even if we might reproduce the anomalous nuclear phenomenon
once and once again, we might not be able to convince ourselves thor-
oughly if we do not have any model or theory to explain it. Among the
long list of questions, the first is how the Coulomb barrier is penetrated at
such a low incident energy; the second is why the parameter variation
in crystal scale has an effect on the reactlon in nuclear scale, i.e. why the
operation in 10"8cm has an effect in 107" 3cm.

In fact, these two questions were solved in fission reactor already,
since the neutron needs not to penetrate any Coulomb barrier, and the
resonance energy levels at low energy make it possible to control the nu-
clear reaction by careful design of the neutron slowing—down process in
terms of macroscopic parameters. However, in the fusion reaction,
Coulomb barrier is inevitable, and no resonance energy level has been
found at low energy after 20 year searching. Fortunately, looking at the
energy sPectrum of *He nucleus there is a "Semi—Resonance” level at low
energy. “Semi—Resonance” is not a resonance, but it is an energy lev-
el just in the mid of two resonance levels. When two deuterons approach
each other with zero energy, the energx of two deuteron system is
23.8MeV higher than the ground level of "He. We noticed that there are
two excited states of *He at energy levels of 26.5MeV and 22.1 MeV. 23.8
MeV energy level is just in the mid of these two resonances. Since
“Semi—Resonance” is not a resonance, the penetration of single Coulomb
barrier at “Semi—Resonance” energy level is still impossible. Nevertheless.
the combination of two “Semi—Resonance” by a resonance in crystal lat-
tice might be penetrated together. This is proved by Quantum Mechanic
tunneling theory. A new formalism for W.K.B. approximation is proposed
to facilitate the calculation. in parallel, a microwave experiment is done to
prove this conclusion of wave mechanics.
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4. Future Plan

After the confirmation of the anomalous nuclear phenomenon, the
next step should be more oriented towards mechanism. It would be a long
term basic research project, and the international academic exchange is
encouraged. An international diagnostic team to detect the neutron emis-
sion from glow discharge tube and calibrate the energy spectrum of the
neutrons is suggested.

Invited talks about the could fusion status have been given at the
National Congress of Chinese Nuclear Physics Society (Xian 1991) and at
the International Conference on Laser—Plasma Interaction (Shanghai,
1992), and will be given at International Conference on Plasma Physics
(Changsha, 1993). The scientific community is changing the attitude to-
wards this new hydrogen energy source. We may expect a new discipline
of science, "Solid State Nuclear Physics”, soon.
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ABSTRACT

A review of cold fusion researches in the former
Soviet Union during the past year is presented.

1. Introduction

I am supposed to report on a progress in cold fu-
sion (CF) studies in our country since the last confe-
rence at Como. A year ago in Italy I demonstrated a
figure which illustrated the CF geography in the USSR
t271. Now an analogous picture is shown in Fig. 1 where
instead of fusion we have fission and disintegration in-
to fragments. The time is not very favourable for scien-
ce nowadays. Nevertheless, in spite of numerous breaks
in economic, commercial, and cultural connections and
inter-ethnic conflicts, we try to retain our scientific
collaboration and friendly relations with all our coll-
eagues from the ex-soviet republics., That's why, despite
the title suggested for my talk, I'll speak on CF acti-
vity existing both in Russia and other ex-soviet repub-
lics. At Como I presented the results of more than 80
papers from about 45 Institutes and laboratories. Today
these numbers are about four times less, but still there
are some interesting results, both experimental and the-
oretical. Since the Como Conference two workshops on CF
were orgenized in our country: “"Hydrogen chemistry and
technology", Hovember 26-28, 1991, Ekaterinburg, Chair-
man Prof. A.,MN. Baraboshkin, and "lefusive-cooperative
phenomena in metal-~hydrogen systems", September 15-19,
1992, Donetsk, Chairman Prof. V.,A. Goltsov., While dis-
cussing the résults submitted at these workshops I'11
quote the published Abstracts as "Ekaterinburg" and
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"Donetsk" (Part I and Part II).

2. Experimental Results

I'1ll begin with the experiment which, from my point
of view, might be most original and promising, if its
results are confirmed,

2.1, CF in Tungsten-Bronze Structures

A distinctive feature of the experiments (16],
which have been carried out by a group from Institute
of High-temperature Electrochemistry and Ural Polytech-
nucal Institute (Bkaterinburg) is the utilization of
material which is new for CF experiments: oxidized so-
dium-tungsten bronze Na_WO0,. Various degrees of tungs-
ten valency states in b§on2e, rigidity of the tungsten-
oxygen octahedral frame and high mobility of the alka-
line metal ions allow one to produce specific structu-
res with extensive channels and ionic conductivity.

Bronze monocrystals_of 8 t0612 mn size were placed
in a vacuum chamber (‘10"5 to 107° mm Hg) and subjected
to heating in the presence of electric field. Then the
system was cooled down to the room temperature and fill-
ed with hydrogen or with deuterium. Crystal temperature
and neutron- and gamma radiation were_yegistered. A ty-
pical neutron background was 1 to 7T h ',

In experiments with hydrogen no statistically sig-
nificant increase of neutron- or gamma signal was obser-
ved., At the same time in all, more than 80 experiments
with deuterium, an increase in the background as high as
2 to 20 times (during 10 min after filling with deute-
rium) was registered by & neutron counter., In the expe-
riments with both H, and D2 a crystal temperature eleva-
tion (typicaelly 1 t6 25 °C°) was observed, which corres-
ponds to 2 to 50 J. For the same crystals the heat eff-
ect for D, was few times larger than for H,. The results
obgerved %rom 11.11.90 to 03.04.92 are sumﬁarized in
Table 1.

A most striking feature of the experiment is 100%
reproducibility of the neutron signals. From our previ-
ous experience in CF it is very hard to believe such
"ideal™ behaviour. (Systematics? Special role of chan-
nels?). As to the heat effects, heating with H, points
to the "chemical" origin, whereas a greater ef?ect for
D, needs further study. Unfortunately, hurried attempts
tg do so at Lebedev Institute and Lugansk failed due to
some technological reasons.
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Table 1., Data on CF in NaxW03 Bronze

Date of Number of neutrons, sam-posi-
Gas Experiment Experinments signal/BGple tive re-
hea-sults

Positi-Negati-

ve Re-~ ve Re- B%ng %
sults sults
H, 11.11.90- 0 31 0 0.1- 0
10,09,91 5 7 25
D, 16.10.91- 93 0 10°=10" 0.7- 100
09.09.92 50
D, 20.02.92 5 0 2-10  1=3 100
H, 20.02.92 0 5 0 0.1 O
D2 03004n92 4 O 1.7"3 007— 100
3
D, 16.10.91 1 0 1.2.107  0.01 100
D, 06.11.91 1 0 6 22,5 100
D, 04.12.91 1 0 5.5¢10° 0.5 100
D, 03.04:92 2 0 2=4 1.5 100

2.2. CF in Gas Discharge

During the: past year three groups which employed
the gas discharge for deuterium loading in CF experi=-
ments continued their work. This technique was already
discussed at Como {271 and in [281, so I'll not go into
details, but justrefer to the most essential results.

The most ambitious data were presented by A.B. Ka=-
rabut et al. group from "Luch" (Podol'sk, Moscgw Dist-
rict) (17]. They observed with Pd cathodes (1cm®, 100 m
thick) a high heat excess Q/Q=x~500%, P ~33 w and very
energetic charged particles with energies up to about
16 MeV. They registered numbers of lines with E y (MeV)=
= 1;6*0.1; 1.8*0,1; 2.2*0.1; 3.0*0.1; 3.5:‘:0.1; 4.1*0.1;
56220415 54720615 To642041; 9.44%0.2; 12.%*0.4; 16,0£0,6,
The source intensity is estimated as 10°-107 charged
particles per second, which is still about three orders
of magnitude less than the energy excess.

The other group from the same Institute (V.4. Romo-
danov et al.) continued their tritium measurements du-
ring D, gas discharge [22]. They claimed about four or=~
ders o% magnitude increase in tritium production under
about four times increase of input pow?r and the rate of
total tritium yield up to 107 atomses™' for a typical
ion energy of 40 to 80 eV,

The Tomsk group reported their results on neutron-~,
gamma-, and charged particle registration during glow



345

discharge L1 47. They used scintillation counter with

n/Y¥ separation and semiconductor detector for charged

particles., During D,~loading and cooling with liquid N2
of Nb foils they obBerved 1.5 to 1.7 increase of neut-

ron signal, but no increase for gaemmas and charged par-
ticles.

2.3. Interaction of Ti with LiD Vapour in Electric
Discharge

The Institute of High-temperature Electrochemistry
group continued their experiments with high temperature
electrolysis in the Ti /D2, LiD/LiD/Ti, system (see(27,
281 for earlier resultd). During the pgst year they ana-
lysed 103 gamma spectra measured at various thermocyc-
ling (24]. In 67 spectra an excess above the background
wag observed and some lines, not seen in the background
specira,were registered. The authors attributed the dif-
ference in gamme spectra observed for anodes and catho-~
des to possible reactions with Li an. Ti cathodes.

2,4, Loading from Gas Phase

The Ural Polytechnical Institute group carried out
D, gas loading and thermocycling of samples made of P4,
T, TiFe and some other_alloys {193, The temperature cy-
cling interval 500-650 °C corresponds to of ——> A+
phase transitions for TiFe. Heutron pulses up to a 10 -
10 times background level were registered during coo-
ling downm to room temperature in vacuum for all materials.

In the experiment performed by the Lugansk-Donetsk-
Lebedev Institute group {10) neutron-, acoustic- and elec-
tromagnetic emissions were registered during gas-phase
deuterium loading of P4, Nb, steel, and LaNi5 samples
in mainly non-equilibrium conditions created”by multiple
thermo-cryo-cycling. They confirmed their previous re-
sults (see [27,28]? with good statistics and a signal-
-to-background ratio of the order of ten.

2.5. Search for CF of Deuterium Implanted in Solid
Samples

Cold fusion studies based on deuterium ion implan-
tation method were actively carried out of late yesrs by
the Kharkov group (V.F. Zelensky et al., see[27,287).
Recently another Kharkov group (V.P. Bozko et al.) re-
ported their results from the ion implantation experiment
based on non-traditional approach [3]. The idea is to
use the kinematic ratio to determine the acts of deute-
rium nucleus fusion on the background of DD-reactions,
which is realized in the process of solid sample irra-
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diation with accelerated deuterium ions. They used tar-
gets made of Be, C, A1, Si, Ti, Cu, Mo, Pd, Ta, W and
Pb. In the first series of measurements (water cooling
of targets) a noticeable increase in counts was obs?g-
ved only for Mo. The effect was estimated as A~10"
(DD)=1 s=1, In the second series (liquid nitrogen coo-
ling) positive results were observ?$ for Al, T%, Cu and
Mo. The estimate for Mo was A=~10-1( (DD)-1 s-1,

2.6, Neutron-, Acoustic-, and Electromagnetic Emission
Registration during LiD Hydratation in Heavy Water

A weak neutron emission during LiD hydratation in
D,0 was recently reported by the Novosibirsk group (see
[57,28]). In order to check this "nuclear chemofusion"
the Lugansk-Lebedev-Institute of Physical Chemistry
group performed a similar experiment [11] using a highly
efficient low background registration complex, The total
amount of LiD (and LiH in control experiments) was about
30 g. FPast and slow neutrons were registered with ¥/n
separation with efficiency of 8 to 40%. For the total
30 h of measurements, in one series of 2 h duration 5
bursts were registered with a signal-to-bagkground ratio
10 to 100 (The background level was ~ 5 h~1).

2.7. Search for Neutron Emission during Percussion De=-
struction of’fiﬁ,‘Tli and Some Other Materials

The experimental situation with the so-called "nuc-
lear-mechanofusion" is controversial, The B.V. Deryagin
group reprted positive results from mechanical fracture
of heavy ice, LiD crystals, and from friction and me-
chanical activation of Ti surfaces and Ti cavitation in
the presence of D (see {26,27]). However, negative re-
sults were reported as well [21,25,291].

In order to check neutron emission during juvenile
surface creation in some deuterium-containing materials
the Lugensk-Kharkov-Lebedev group (121 studied percussi-
on destruction of LiD crystals (Zm~10 g), TiDy tablets
(x =1 to 2;Zm~=40 g) and A1l,(SO,),, K,S0,24D,0 crys-
tals (Zwm~15 g). The resulte diépgrsi n Wwas &bout 0.5
to 2 nf/g. A high detector efficiency for both fast and
slow neutron registration and background suppression
allowed one the registration of about two orders of mag-
nitude smaller neutron signals than was claimed in the
Deryagin's works. The results of Ege ex e;igqnt are ne-
gative and set up the limit A¢107<" (DD)~'s™ .

2.8. Search for Nuclear Emission in Deuterium-Containing
Systems during Phase Transitions

The Lugansk-Lebedev-Ingtitute of High-temperature
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Electrochemistry group carried out experimental search

for nuclear emission during phase transitions in.Alz(SO4)3,
X SO4 24D ,0,KllaC H406-4D 0 and NbD; [13]. Neutrons

Wgre regiétered %y a highll efficiency detector described

in Part 3 of this talk. Tritium was measured with a
scintillation cpunter and mass spectrometer. In some ex-
perimental series in order to improve the signal-to-
-background ratio and to studg fine time structure of

the events in the (1-256)¢107° s intervals, neutron

bursts and neutron-acoustic-electromagnetic signal cor-
relations were studied. No statistically significant
signal above the background was registered, and fﬂﬁ es=_q
ti@&ted limit on the reaction constant was A <10 (DD)

5 .

2.9. CF Studies during Electrolysis

A CT" stusy with traditional D,0 electrolysis was
carried out in Chemical Physics InStitute {61 and in
Kharkov Institute of Monocrystals (81 and it also re~-
vealed pulsed neutron and proton emissions.

The Lugansk-Donetsk-Lebedev Institute group measu-
red neutron-, acoustic-, and electromagnetic radiation
during D,0 electrolysis with Pd, Nb and steel cathodes
and conffrmed their earlier result (see [27,281) with
better statistics.

2.10, Related Studies

In conelusion of this experimental section I would
like to mention two more papers which, although do not
deal with nuclear products of heat registration, never-
theless may be relevant to understanding the CF mecha-
nism,

The L'viv State University group [18] registered
the electroluminescence emission during electrolysis of
heavy and ordinary water., The idea was to check the
"fracto-acceleration model" (see {261) which predicted
correlation of CF and electromagnetic radiation caused
by the crystal fracture.

It has been observed that for the stimulation of
electromagnetic emission it is wortawhile to carry out
preliminaﬁy electrolysis with a current density 2.5 to
7.5 mA/cm“ for 1 to 2.5 h and then t% increase the cur-
rent density (i) to 12.5 - 125 mA/cme=. Thi electromag-
netic emission intensity reached 50 to 10% pulses per
second, while for i » 25 mA/cm? a jump increase in. ra-
diation intensity up to =~ 105 s~ was observed. In expe-
riments with ordinary water no similar jump increase
was registered.

The formation of "supersatureted" (unstable) hyd-
ride phases (with D/Pd >1, D/Ti> 2) in the near-surface
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layer during non-equilibrium sorbing/desorbing was hypo-~
thesized in (26 ) in connection with CF. Recently such
possibility received some experimental support. A group
from Institute of Physical Chemistry {20! observed that,
after some thermic treatment, hydrogen did not produce
a well-known ¥~ and f-volumetrical phases in Pd but
concertrated in the near-surface layer up to 1.24’10"4
Mecm™ “surface density. That was established by electric
registivity measuring and by means of hydrogen extrac-
tion. In Part 4 we shall also discuss some theoretical
results indicative of supersaturated layer formation.

3. Detectors

0Of late years few groups in Russia and Ukraine
built some original highly effective detecting systems
for CPF studies. I shall mention here in brief the de=-
tectors constructed by the Novosibirsk-, Lebedev Insti-
tute-, and Lugansk groups. Unfortunately, due to the
provlems mentioned in the Introduction only the Lugansk
group was able to exploit their system effectively for
a wide range of CF studies.

This group, in collaboration with some other Russgi-
an and Ukrainian groups, built a high efficiency low
background automated ("on-line" regime) registration
complex for correlation measurements in CF experiments
[9). The complex makes possible to search for neutron
groups (n22) in 1 to 256 ms time intervals and for
events with "rigit™ correlations (within 20 ms) of neut-
ron-, acoustic-, and electromagnetic signals. The time
of appearance of the correlated events and some of their
parameters (the time shifts between components, the num-
ber of pulses in a chosen time interval for each chan-
nel) are registered in real time gode and recorded on
magnetic tape., Dead time is £¢107° s.

Registration of both fast and slow neutron signals
and ¥ /n separation were used to increase the neutron
identification reliability and to suppress the back-
ground to the level of ~3+10=3 with 8 to 40% efficiency.

The Novosibirsk group improved their detector that
had been previously used in "chemo-nuclear-=fusion" ex-
periment Fsee [27,28]). They constructed [1] a new ver-
sion of neutron spectrometer with about 4+t geometry
operated in the 1 to 5 MeV energy range with a good ¥/n
discr%mination.The efficiency is about 10% at the
2¢10=7 s=1 background level and permits one to measure
a neutron energy spectrum at a very low intensity of
the source.

The Lebedev Institute group designed, constructed
and tested two new original detectors for simultaneous
%or]separate) measuring of proton and neutron emission

151 .
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The charged particle detector consists of two elec-
trolytic cells filled with heavy and ordinary water,
The bottom of each cell is made of 0.1 mm palladium
foil and serves as a cathode and an input window of a
proton detector. A method for the external cathode sur-
face protection is developed to prevent leakage of deu-
terium (or hydrogen) from Pd. A proton detector-identi-
fier contains a gas-filled wire proportional chamber
and a scintillator CsI(T1l) detector.

The neutron detector gives the time, space and am-
plitude information on emission of single neutrons and
neutron bursts. The detector includes a neutron hodo-
scope made of 5 cm thick plastic scintillator rods. The
hodoscope is used simultaneously as a fast neutron de-
tector (according to recoil protons), & neutron modera-
tor and a detector of secondary gamma quenta wnich are
produced due to thermal neutron capture in a cadmium
foil surrounding each hodoscope element. Information is
analysed by CAMAC electronics and multichannel time in-
terval analyzer on line with IBH PC computer,

4, Theoretical kodels

The problem of theoretical description of CF mecha-
nism turned out to be not simpler than the problem of
its unambiguous experimental proof. lMeanwhile the urgent
need of a "reasonable" model is dictated not only by
obvious wish to understand the nature of the phenomenon.
In the current, still very uncertain, experimental situ-
ation a working hypothesis that would be trustworthy
and could correlate a large amount of observations and
give some predictions might prove to be very useful to
gtimulate the experiments. Hot the last is a "psycholo-
gical factor": demonstration of CF permissibility in
principle couldremove objections of sceptics who do not
admit the CF wet idea.

Recently a promising '"noanstationary" mechanism of
rather a general quantum mechanical nature was suggested
by the Lebedev Institute group {5]. The cause for fusion
in the model is an enhancement of barrier penetrability
aroused by appearance of high-momentum components in the
deuteron wave function due to violation of its statio-
narity in solid state. (Similar effect was demonstrated
recently (41 in a one-dimensional electron tunneling
problem)., CF rate was calculated by solving the Schro-
dinger equation for both the three-dimensional rectangu-
lar and the Coulomb potentials, when the "binding" part
of the potential underwent instantaneous change. The
latter might be caused by ionization, phase transition,
irradiation, fracture, etc. The most essential feature
of the model is a power but not exponential (Gamov fac-
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tor) decregse of penetration probability. As & result,
the total fusion probablllty for a QQ pair in "favour-
able" conditions may be ~10~ « If the nonstatio-
narity_is caused by fracture, 1t may result in up to
105-108 fusions per cm3 of hydride.

Another "synergetic" hypothesis was suggested in(7].
The idea is that the self-organization of matter in non-
equilibrium D-contgining system with dissipative struc-
ture formation and separation of subsystems could re-
sult in distortion of the Boltzmann energy distribution
and increase the probability for a deuteron to have an
energy sufficient for fusion.

An attempt to take into account, for CF, the real
density distribution in a crystal was made in fwo} for
PdD_. Tor the deuteride ground state it results only in
10 ¥0 20 orders of magnitude increase of the DD fusion
rate with respect to the deuterium gas of a correspon-
ding density. However, the fusion rate may reach an ex-
perimentally observed level, if the charge density is
redistributed owing to some physical-chemical processes.
The electromagnetic radiation following fracture may al-
so change the Coulomb potential and increase the fusion
rate congiderably.

The idea of a possible formation ofsupersaturated
zones near the surface [26] was recently studied theo-
retically [2,231 ., The diffusion equation was analysed
with a nonlinear concentration dependence of the diffu-
sivity and with special nonequilibrium boundary regimes
of "peaking" type for a time dependence of the current
density ~(t - t )%, >0, It has been shown that in
such gituation gny boundary peaking regime results in
the formation of inhomogeneous space structures near the
surface,
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Cold Fusion Research in Italy

F. Scaramuzzi

ENEA, Area INN, Dip. Sviluppo Tecnologie di Punta,
CRE Frascati, C.P. 65, 00044 Frascati, Roma,

ITALY

1. The strange geography of Cold Fusion

In the last three and a half years many experiments have been
performed in the field known with the conventional name of "Cold
Fusion" (CF), and a number of theories have attempted to interpret
them and to assess them in a coherent picture. Differently from
other fields in science, this area has grown in a quite strange
atmosphere: the most striking aspect of it is the anomalous
"geography" of the activities, meaning by this term the different
kind of development that research activities in this field have had
in different countries.

Before outlining this geography, it could be worth trying to
envisage the causes of this anomalous behaviour. One important
feature is indeed the difficulty in reproducing most of the experi-
ments in the field. Of course, this feature can be interpreted in
positive as a proof of the great complexity of the phenomena under
investigation, and in negative as the demonstration that the
claimed effects do not exist. Both positions have been brought
forward and are still existent: the increasing number of good
quality positive experiments, and the improvements in reproduci-
bility seem not to have changed the prevalent scepticism of the
scientific community. Anyway, the lack of reproducibility is not
the only cause of the scepticism: other features concur in creating
it. In particular, the fact that the observed phenomena, if in-
terpreted as nuclear phenomena in condensed matter, cannot be
explained by the presently accepted knowledge on nuclear physics.
Most striking of all, the experiments showing the production of
"excess heat” pose a very intriguing problem: the large amount of
energy produced cannot be explained in terms of any known chemical
reaction; at the same time, the missing emission of energetic
particles (neutrons, tritons, etc.) is in contrast with the expec-
tations on nuclear reactions between energetic nuclei in

FRONTIERS OF COLD FUSION
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quasi-vacuum (e.g., plasma), the only ones that are well known

presently. All these features are at the basis of the scepticism,

which is the cause of the "strange geography"; this will be briefly
described in the following.

Even though it is difficult to perform a clear classification
among the countries, an attempt is made to identify groups with
similar behaviours.

e The first group consists of the countries in which an official
and substantial research activity is going on, with continuous
interactions among operating groups. In this group Japan excels,
counting also on the commitment of Industry and, more recently,
of Government (Ministry of International Trade and Industry,
MITI). Russia (better, the former USSR), China and India can be
assigned to this group as well.

e The development of CF in the USA puts this country in a very
peculiar position. On one side there are many scientists active
in the field, as it is witnessed by the large number of partici-
pants to this conference (55), second only to Japan. On the other
side, it has to be noted that, with the important exception of
EPRI (Electric Power Research Institute), no Federal Agency, nor
University, is substantially funding research in CF.

e As far as Europe is concerned, ltaly and, to a lesser extent,
Spain perform a consistent activity, with moderate funding by
state Agencies and/or Universities. The activity in Italy, third
for number of participants to this Conference (20), is the sub-
Jject of this paper, and will be treated in more detail in the
following.

e The most striking feature in this "geography" is the almost total
absence of research activities in the rest of Europe. Here, after
the negative results obtained in the experiments performed in the
spring-summer of 1989, mostly under the request of Euratom, every
interest in CF seems to have disappeared.

2. Italian Agencies and Universities active in Cold Fusion

In fact, Italy could also belong to the first group, since
many Agencies and Universities are moderately funding research in
CF, and the scientists involved in this field have made a few
attempts to coordinate each other, organizing meetings and confer-
ences, both national and international (Varenna in 1989, Frascati
in 1990, Como in 1991, Torino in 1992). However, up to now the
activity has been mostly the fruit of the personal initiative of
the scientists, and never a coordinated proposal of Agencies and
Universities. No position on the scientific validity of the subject
has been officially taken and the funds dedicated to CF have been
rather modest.

The Agencies are the following:

e INFN (National Institute for Nuclear Physics): it is dedicated to
fundamental studies in nuclear and subnuclear physics, and is
strongly connected with Universities all around the Country. Most
of the funding to CF in Italy comes from this Agency, and is
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particularly dedicated to the development of sophisticated
nuclear detectors.

e CNR (National Research Council): it is the State Agency for
Research and operates in all fields of Science, mostly through
its own Research Institutes, but also through funding of other
research institutions, such as Universities. It has contributed
to CF mostly through its Chemistry Committee.

e ISS (National Institute for Health): it is an Agency with a wide
range of interests in Science, performing research mostly aimed
to solve problems of health. Its Physics Laboratory is funding
research in CF.

e ENEA (Agency for New Technologies, Energy and Environment):
formerly the State Agency for Nuclear Energy, it has been recent-
ly restructured with the assignment of wider research tasks.
After the first success of a Frascati Group in 1989, research in
CF has been performed on a modest resource level and mostly on
voluntary basis: recently the new Board of Administration has
expressed an interest in the field, that hopefully will bring to
a serious commitment of this Agency in CF.

e Various Universities participate to research activities, most of
them in collaboration, or with the funding of the above Agencies:
among them the Universities of Torino, Milano, Padova, Trieste,
Bologna, Roma 1, Catania.

e Up to now Industry has been totally absent in this field.

In order to have a feeling about the amount of investments in
Italy on CF, the figure referring to 1992 amounts to about 0.5
million dollars, not including expenses for personnel. A number of
about 70 scientists, mostly working part-time, is committed all
around the Country in research on CF.

3. Italian Research on Cold Fusion

The Italian participation to this Conference is a good
representation of the research going on in this field, even though
some active groups did not send contributions. Eleven abstracts
were submitted and were accepted for presentation to ICCF3, coming
from nine groups. The experimental papers range from gas loading to
electrolysis, from nuclear particle detection to heat excess
measurement. There is also a substantial contribution of theoreti-
cal papers. Eight of the papers were eventually pre?egted at ICCF3,
and the reader will find them in these proceedings. '™ Three of the
papers have not been submitted, for the impossibility of the
authors to attend ICCF3: they are all theoretical papers, and will
be shortly described hereafter.

e The first (authors A. Tenenbaum and E. Tabet, of INFN, ISS and
University of Rome 1) investigates a mechanism of D-D fusion
taking place in the lattice of a metal undergoing rapid thermal
transients: the abrupt release of elastic energy stored in the
metal during the absorption of deuterium could produce micro-hot
fusion, which could explgin the detection of nuclear particles in
gas loading experiments.
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The second (author A. Scalia, of the University of Catania)
investigates the behaviour of the fusion cross-section, as a
function of the energy of the nucleons, for very low ener‘gies.10
The third (authors L. Fonda of the University of Trieste, and
G.L. Shaw of the University of California at Irvine) analyzes the
hypothesi?1that CF could be catalysed by a not confined quark
compound.

Among the activities not presented at all at ICCF3, two are

worth mentioning: that of a Padova Group, and that of a Bologna
Group. Their most relevant results will be shortly outlined
hereafter.

b,

Padova (CNR and University): two main kinds of experiments have

been performed:

-~ Study of the dynamics of D and H-charging in Pd sheets (gas
loading), as a function of temperature, reaching D/Pd ratios in
the range 0.8-0.9; when working with D, a quite substantial
emission of charged particles has been detected with the help
of CR-§8 detectors, amounting, if interpreted as D-D_ fusions,
to 10° fusions per second per couple of deuterons.

~ The detection of neutrons emitted by D-charged Ti plates (gas
loading), under vacuum after temperature cycles, measured with
an advanced detector, has shown the emission of neutron bugsts,
clearly above background, with energies of about 2.5 Mev. !

Bologna (INFN and University): experiments on the detection of

neutrons from D-charged Pd (electrolysis) and Ti (gas loading)

have been performed extensively under the Gran Sasso Laboratory
of INFN, a well equipped Laboratory more than 1000 m under
ground, where the background of neutrons is about one thousandth
of the value at sea level. A particularly advanced detector
system has been developed, able to clearly discriminate neutrons
from gamma's, with a time resolution in the order of 10 ns, and
the ability to measure the energy of the neutrons. None of the
experiments performed up to now has shown the ?ﬂission of
neutrons that could be ascribed to CF effects.

Some relevant results

Among the many results in CF research contributed by the

Italian scientific community, two of the experiments presented at
this Conference deserve a particular mention, and will be recalled
in the following.

The experiment by B. Stella et al. > performed in the Gran Sasso
Laboratory of INFN, in which a sample of deuterated Pd has been
stimulated with a neutron flux, while the emission of neutrons
was detected at right angle with the neutron beam. The result is
qualitatively interesting: it is possible to state that the rate
of neutron emission, when the D-charged Pd is stimulated, is
higher than the rate obtained with Pd without D. This seems to be
a clear indication that the combination of the two, Pd and D, is
responsible for nuclear reactions that manifest themselves with
the emission of neutrons, confirming the role of the lattice in
this new kind of nuclear events.
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e The experiment by L. Bertalot et al. 8 performed at the ENEA
Centre of Frascati has provided a novel approach to the heat
excess experiments in heavy water with Pd cathode. Taking a
couple of features from the Takahashi experiment (see also this
Conference), i.e., the "hi-lo" technique and the flow calo-
rimeter, this experiment tries to address the problem of the
motion of D atoms in the Pd lattice at high D/Pd ratios. In order
to do so, the cathode is mounted in such a way as to face on one
side the electrolytic cell and on the other D, gas: measuring the
permeation of the gas into or out of the cathode seems to be a
powerful tool to investigate the heat excess production. The
experiment provides a quite convincing confirmation of the heat
excess production, with maxima up to about 10 times the heat
input at low currents, and to 100% of the heat input at high
currents, and presents stimulating correlations between the heat
produced and some meaningful parameters, such as the period of
the hi-lo procedure, the overpotential across the cell, and the
D-permeation into the cathode. A transport model, also presented
at ICCF3 © nicely interprets these correlations.

Among the contributions of the Italian community to CF
research it has to be remembered the theory of G. Preparata et
L, 5 which, with a very interesting approach, tries to explain
the most intriguing issue in CF, i.e., the possible nuclear nature
of the heat excess. Preparata's theory invokes a collective and
coherent interaction between the D-nuclei and the plasmas in the
lattice (electrons and nuclei), to justify the high rate of D-D
fusions and the transformation of the mass defect energy of the
reaction into heat, rather than in the well known processes taking
place at high energy and in quasi-vacuum.

5. Conclusions

The lack of official commitment and effective support by the
Research Agencies and by the Universities has not prevented Italian
scientists from being quite active in performing research in CF. On
the other side, it has to be acknowledged that no formal vetoes
have been interposed to the free initiative of scientists in this
field: on the contrary, some of the Agencies and Universities have
moderately funded such an effort.

The quality of the experiments performed in Italy has been in-
creasingly good, and the results obtained are rather outstanding in
the general panorama of CF. But it is time to perform a more
coordinated effort, keeping in mind that material science aspects,
such as the characteristics of the materials used, play a very
important role in the development of this topic. Thus, a much more
intense effort is required in order to obtain a more substantial
progress in the field.

The increasingly convincing results obtained by the whole CF
community (this Conference has been particularly comforting in this
respect), and the example of the Japanese Government and Industry,
which appear to be determined to promoting research in this field,
have changed the panorama of CF. There are now signs that also the
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Italian scientific authorities could consider favouring research in
this field in the near future.
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Study of Deuterium Charging in Palladium by the
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ABSTRACT

The production of heat excess (HE) in electrolytic cells with
heavy water and palladium cathodes is, in Cold Fusion, the experi-
ment that has had more confirmations, even though still doubts are
cast on its nuclear origin. Furthermore, the correlation of HE with
some features of the experiment seems to be well established, the
most convincing of which is a threshold in the D/Pd ratio. What is
yet not quite clear is how to obtain a high D/Pd ratio, since this
feature seems to depend both on the material and on the procedures
adopted for the electrolysis. In this paper we will propose a novel
approach to this problem, which permits to correlate HE with other
features of the experiment. In particular, we try to study the
transport of matter across the palladium lattice during the elec-
trolysis. A model, proposed by two of us (ADN e VV), and presented
in this Conference, helps to interpret the experimental results,
and gives interesting hints for future research.

As far as the nuclear nature of the HE is concerned, it seems
today clear that the only serious way to address this problem
consists in performing experiments in which the presence of
"nuclear ashes" is searched, YHe nuclei being the most likely to be
found. Such an experiment has been performed once!, and needs
confirmation. We plan to perform an experiment in which the
production of UHe nuclei can be detected in the gases evolving from
the electrolytic-eell, in coincidence with the production of HE. A
cryogenic system able to separate UHe from other gases, including
D2, has been designed, and preliminary data on its behaviour are
presented.

1. The electrolysis experiment

Three main features characterize this experiment:

FRONTIERS OF COLD FUSION
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- The "hi-lo" technique, introduced by the Osaka Group2, consisting
in alternating low current to high current: the influence of its
period on the heat production has been investigated.

- A particular geometry has been adopted, in which the cathode is
immersed on one side in the electrolytic solution, while the other
side faces a vacuum tight ambient in which gaseous D2 (or H2) is
introduced: measuring the pressure variation of the gas gives
information on its permeation through the cathode, thought as a
membrane.

- In order to address the problem of poisoning of the cathode
surface, which can be responsible for preventing high D/Pd ratios
to be reached, a palladium anode has been used. Poisoning is
produced by impurities present in the electrolytic solution, by
dissolution of the anode, and by chemical reactions between the
solution and all materials in contact with it. In our cell, the
palladium anode is slowly but continuously dissolved, and
conversely palladium is deposited on the cathode surface, thus
regenerating it, by creating new active sites for the adsorption of
D (or H). [This technique has also been used by the SRI Group3.]

The experimental procedure starts with D2 gas on the gas side
of the cathode (pressures up to 1 bar) and an inert gas, say Ar, on
the other side. The aim of this step is to favour charging of D in
Pd from the gas, thus starting the electrolysis when already a non-
zero D/Pd ratio has been achieved (remember that the diffusion
coefficient of D in Pd is strongly dependent on D/Pd ratio,
increasing by two orders of magnitude when the ratio changes from
zero to 0.6). Up to now this procedure has not given reproducible
results, the initial D/Pd ratio varying from 0.1 to 0.5, both
obtained in a few days of gas loading. Once this first phase has
been performed, the electrolytic solution is introduced and
electrolysis starts. The experiment is aimed mainly to obtaining
information about the presence of '"density waves" in the lattice,
by looking at the D2 flow variations into and out of the gas side,
and to the voltage variations across the cell (at constant
current), and correlating them with the HE detected.

The electrolytic cell (Fig.1) is made out of glass (Pyrex) and
teflon, to minimize poisoning. The connectors for both electrodes
are in Ni coated by teflon. The area of the plane electrodes is 1
or 2 cm? (thickness, respectively 250 or 500 um). The distance
between electrodes is 3 mm, obtained with a rigid mounting. The
electrodes have been previously brought to either 200 or 900°C, and
then rapidly quenched in liquid N2: under an electronic microscope
the average linear dimension of grains is =20pum. A solution of
LiOD, 0.1M in heavy water (for blanks, LiOH, 0.1M in light water)
has been used, and tests made in the course of experiments have
shown no change in molarity.

The calorimetry is obtained by circulating a thermoregulated
water flow (< 1 em3/s, T = 25 = 0.1°C) in a cylindrical glass heat
exchanger symmetrically immersed in the cell (see Fig.1), and
measuring the difference in temperature between inlet and outlet of
the water in the heat exchanger. The cell is separated from the
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Figure 1. Schematic drawing of elec-
trolytic cell and calorimeter.

external ambient by a 20 cm-thick polyethylene layer: variations in
the room temperature have a negligible effect if kept within =2°C,
which was the case during the experiments. In addition, the
temperature difference between the thermostat and the cell is also
recorded, as a check. Both temperatures are measured by
nanovoltmeters, whose data are collected by a PC-based acquisition
system. Calibration is performed with the help of an electrical
resistor immersed in the cell, not far from the electrodes: the
response is linear within 10% up to 25 W. The maximum error in
measuring HE is *25 mW.

Besides the two temperature differences, the pressure on the
gaseous side of the cathode and the voltage across the cell (which
is run at constant current), are measured and recorded.

2. Results

HE was detected in 3 experiments, both during the low current
and the high current regimes, and was not detected in 1 blank test.
During the three positive runs, the production of HE was not
continuous and it was possible to correlate it to other features of
the experiment, as explained below: thus, extended periods occurred
in which no HE was produced, even though working with heavy water.
This feature, together with the absence of heat production in the
blank, seems to us a good test for the reliability of the
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experiment. The HE reached a maximum value of =3 W (60-80 W/cm3)
for both low and high currents, with a corresponding maximum of
~10 times the heat input for low currents and about twice the heat
input for high currents.

In the different runs we have tried to study the response of
the system to the following parameters:
1. The period of the hi-lo procedure.
2. The current intensity and the voltage across the cell, in the
two regimes.
3. The pressure variation on the gas side.

Here we will describe our results following this
classification:
1. The semi-period was in the range 2500 - 10,000 s. The lower
limit is imposed by the thermal relaxation time of the calorimeter.
In Fig.2 the dependence of the measured HE on the semi-period is
shown for one of the runs. In the first 120 hours of the experi-
ment, not shown in the graph, the semi-period was of 10,000 s, and
no HE was detected. In the last 150 hours, also not shown in the
graph, no excess was measured, in spite of the low semi-period
(4500 s): a posteriori, we found that, most probably because of the
continuous migration of Pd from the anode to the cathode, holes had
been produced in the anode, thus altering the geometry of the
electric field: we think that this event is responsible for

high current: 400 mA (P, = 10.2 W) ! 160 mA (2.6 W) | 190 mA (3.3 W)
low current: 100 mA (P;, = 1.6 W) 40 mW (0.28 W) | 40 mW (0.28 W)
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Figure 2. The HE in one of our runs as a function of time.
Note that around hour 360 the maximum HE, of about 3 W, was
obtained.
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stopping the production of HE. The data presented show that the
shorter periods are more likely to give HE.

2. In all our positive experiments we could find no significant
correlation between the production of HE and the intensity of the
electrolytic current. On the contrary, we found that the voltage
across the cell is a significant parameter: we can measure an in-
crease in time of the voltage across the cell, for the same
current, and we find that HE is produced only when this voltage is
high enough. In Fig.3 this correlation is shown. This
"overpotential" can probably be related to the D/Pd ratio in the
cathode.

3. We find that the permeation of gaseous D2 in both directions
through the cathode, thought as a membrane, during an electrolysis
without HE, depends on the absolute value of the pressure on the
gas side and on the electrolytic current intensity, with different
values for high and low currents. When HE is present, we find that
the gas preferentially goes into the cathode, and that there is no
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Figure 3. On the same time scale HE and voltage across the cell
are reported for another run: the two graphs on the left refer to
high current mode, those on the right to low current. The semi-
period was 2500 s. Four current regimes were used (lo-hi): T7-50,
50-200, 100-400 and 150-600 mA/cm@. Current was first increased
and then decreased. In the last part of the graphs, where HE was
negligible, the voltage is lower: the A's represent the
"overpotential" when HE 1is produced. The lack of data for HE
around hour 50 is due to misfunctioning of the acquisition system.
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longer a difference in the gas flow between high and low current
modes. An example of the two behaviours is shown in Fig.4.

3. Conclusions on the electrolysis experiments

The following conclusions can be drawn from this experiment:
- The production of HE in electrolytic cells with heavy water and
palladium cathodes has been confirmed. The use of Pd anodes has
presumably improved the quality of the surface, by regenerating it
continuously, thus favouring deuterium charging of the cathode. The
correlation of the overpotential with HE seems to indicate that the
overpotential is a function of the D/Pd ratio.
- The novel geometry proposed, with the cathode facing on one side
the electrolyte and on the other D2 gas, permits to study the
motion of D in Pd during electrolysis, by measuring the pressure
variations on the gas side: a model tending to describe this motion
and to correlate it to HE is presented in this Conference by two of
us (ADN and VV).

4. YHe separation

A first approximation cryostat has been realized, aimed to
separate 4He from other gases. The gas mixture to be processed
flows through a "bed" with an extended surface kept at liquid
helium temperature (4.2 K): on it all gases, with the exception of
helium, will be condensed, with an extremely low residual vapour
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Figure 4. The flow of gas through the cathode, thought as a
membrane, during electrolysis: positive values mean out of the
cathode; negative, into the cathode. (a) Substantial HE is

produced; (b) negligible HE 1is produced. Note that these data
refer to the same run of Fig.3.
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pressure. At the end of this cryogenic path, the uncondensed gas
(helium) meets a plate coated with activated charcoal, in loose
thermal contact with the 4.2 K bath: on it helium is totally
adsorbed. The accumulated adsorbed helium can eventually be
desorbed by heating the plate: the loose thermal contact prevents
the rest of the cryostat from changing temperature. Typically, the
charcoal coated plate can be brought to = U0 K, while the rest of
the cryostat does not exceed = 6 K. The desorbed helium is then
pumped through a mass spectrometer.

A test with atmospheric air has been performed with success,
separating the YHe in it contained (5.4-10-U4%). Tests on the
separation of YHe from Dp are in course.
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ABSTRACT

Excess heat generation from Pd electrode during cathodic
polarization in Dz0-LiOD solution was investigated as a function of
D/Pd loading ratio. The excess heat was observed when a Pd
sample was filled with deuterium to D/Pd & 0.90 by cathodic
charging. The excess heat (Hex) Increased with D/Pd in an

exponential manner ; the He» was of the order of magnitude of 0.1
watt/cm® at D/Pd = 1.0.

Experimental

Electrolysis was performed in a closed cell which was made of
stainless steel and having a Pt black recombination catalyst
located at the upper inner part of the cell. The lid of the cell
accepted two with different area Pt anodes , Pd cathode, three
temperature sensor connectors, a pressure gauge connector and a
gas sampling port.

The cell was set in a constant temperature space which was
surrounded by a water reservoir of £ 0.1°C stability. The
electrolyte was stirred by a magnetic stirrer which was set under
the cell. Temperature was measured within 0.03°C of accuracy by
means of three digital voltmeters connected to each thermocouples
(T.C.); these were fixed at various part in the cell. The other
junctions of each T.C. were immersed in the water bath.

The temperature change during electrolysis was calibrated by
operating two of Pt electrodes with various electric current.

Experiments were performed at around 100°C and current density of
several hundred mA/cm®.
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Temperat ure/O C

Experimental results

Figure 1 shows a change of D/Pd loading ratio, temperature
and cell voltage during electrolysis with 0.2a/cm®. The deuterium
absorption process showed two steps; the first step occurred
immediately after the start of electrolysis and the second step
started when the loading ratio reached the value of B8 phase.
The absorption rate in the second step was slower than the first
step by two orders of magnitude.
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Fig.1 Changes of D/Pd loading ratio,temperature and
cell voltage during electrolysis with 0.2A/cm®
in 0.5 M/dm® LiOD solution.

The loading ratio attained after the slow step was
completed was dependent on the electrolysis conditions such as
temperature and current density. The D/Pd ratio reached 1.1 after
7 days of electrolysis. In this case, temperature and cell voltage
started to increase after 7 days of electrolysis ; this may be
caused by an increase of resistivity of the Pd metal due to high
concentration of deuterium absorption.

The excess heat production was observed when the D/Pd ratio
reached to almost unity; it continued and still increased with
further increase of D/Pd ratio. The H-» generation was
apparently dependent on the D/Pd loading ratio, but not on
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cathodic current density. The relationship between He. and D/Pd
ratio was investigated by changing the temperature and the
current density. After 7 days of electrolysis with 0.2A/cm®, the
current density was increased step by step up to 0.4A/cm®, and at
each steps it was Kkept for 7 days. The loading ratia usually
reached to a constant value within a day.
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Fig.2 Effect of cathodic current density on
the D/Pd loading ratio.
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Figure 2 summarizes the effect of cathodic current density on
the D/Pd loading ratio. The loading ratio of unity could be
obtained by electrolysis of 0.2A/cm® at 100°C. The D/Pd value at
the lowest current density of 0.001A/cm® showed a tendency to
increase; the value shown in Fig.2 was obtained after 7 days.

Figure 3 shows the relationship between H-». and D/Pd ratio
obtained under various electrolysis conditions. The H:. seems
to increase exponentially with the D/Pd loading ratio, but its
precise form is still not clear. The Hex generation was 0.07 w/cm~
when the D/Pd ratio was close to unity.
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Fig.3 Relationship between Ho<« and D/Pd ratio obtained
under various electrolysis condition.
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ABSTRACT

Measurement of the excess heat generation during electrolysis of 1M LiOD has been
conducted in a closed cell pressurerized by deuterium gas in which a fuel cell type gas
diffusion electrode was employed as an anode, and a platinized platinum electrode served
as the RHE for determination of hydrogen overvoltage at the palladium cathode. This has
allowed us simultaneous determination of both excess heat generation and deuterium
loading ratio, D/Pd, in the course of long term electrolysis which lasted for nearly two
months.

Dependence of excess heat generation on D/Pd has been observed up to D/Pd = 0.88
with the maximum output/input ratio of 1.35. The minimum D/Pd to produce the excess
heat has been found around 0.83-0.84.

Dependence of D/Pd on the overvoltage and the dependence of the excess heat
generation on the D/Pd suggest that the dependence of the excess heat generation on the
current density reported originally by Fleischmann and Pons and later by Storms can be
interpreted in terms of the dependence of the loading ratio on the electrolysis current
density. In other words, higher current density is necessary to maintain the high loading
ratio.

1. Introduction

Since Fleischmann and Pons et al," reported their observation of large amounts of
excess heat during the electrolysis of heavy water with a Pd cathode, laboratories around
the world have attempted to reproduce their results. It has been shown recently that the
phenomenon of excess heat generation is closely related to achievement of deuterium
loading ratio D/Pd greater than 0.92. The purpose of the present investigation is to find the
quantitative relation between excess heat generation and the deuterium loading ratio in the
palladium cathode.

2. Experimental

2-1. Measurement of deuterium loading ratio

FRONTIERS OF COLD FUSION
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Electrolysis was conducted in a hermetically sealed cell containing 1M LIOD and
pressurized by deuterium gas in which a fuel cell anode partially immersed in the
electrolyte served as an anode as shown in Figs. 1 and 2. The gas diffusion layer of the
fuel cell anode was modified by an additional composite layer made from PTFE membrane
filter and a carbon paper to facilitate the deuterium gas supply through the layer when the
anode is partially immersed in the electrolyte. The electrode reactions at anodes and
cathodes are given by,

Anode D ,->2D*+2e".
Cathode 2D *+2e~->D2 or D(pqg.
The over all reaction is given by D2-> 2D¢pa.

The deuterium loading ratio is determined from the D2 pressure decrease after initiation
of electrolysis and can be monitored in-situ throughout the electrolysis. The electrolysis
was conducted by using Pd and Ni cathode (4mm ¢ x 18.5mm) at the initial pressure of
7Kgf/cm? by changing the current density between 50 and 1000mA/cm® The PYPt
electrode was placed dose to the cathode and this served as the RHE(Reversible
Hydrogen Electrode) for the measurement of the hydrogen overvoltage at the cathode. The
overvoltage reported in the present study has been corrected for the ohmic overvoltage
which was measured by galvanostatic pulse experiment. After installation of the cell in the
high pressure vessel, air in the vessel was evacuated and the cell was filled with D2. Before
electrolysis, the potential of the Pd electrode was kept 1000mV against the anode to avoid
deuterium absorption into the Pd cathode.

Pressure Gauge
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o —_—

Fig-1 Electrolysis geometr
'9 A : Fig-2 Structure of the pressure vessel

2-2. Detection of excess heat

Detection of excess heat at cathode was conducted by measuring the temperature rise
in the cathode by a thermocouple inserted in it through a hole (1.5mm X 7mm) made at it's
top. The temperature rise was first observed as a function of input power for the Ni cathode.
The relation between the temperature rise and the input power thus observed served as a
calibration curve. The Ni cathode was then replaced by a palladium cathode and the
relation between the temperature rise and input power was measured. The estimation of
the excess heat was conducted by comparing the temperature rise for a given input power
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between the Ni and Pd cathodes. The cell was totally submerged in a water bath in which
temperature was regulated at 10°C or 30°C +0.1°C.

4. Result and Discussion

Figure-3 compares the relation between the temperature rise in the cathode and input
power observed by Ni cathode, given by the straight line, and by Pd cathode. The
calibration curve obtained by Ni cathode makes a good straight line while the data points
observed by Pd cathode lie on the calibration line up to the input power of ca 1W, above
which, however, they lie above the calibration line.

A similar experiment was conducted in 1M LiOH to see if the deviation of the palladium
data from the calibration line demonstrated in Fig.3 is characteristic of the
palladium/deuterium system.

Figure-4 shows the result obtained for the palladium/hydrogen system, in which there
is a close agreement between the palladium data and the calibration line obtained by using
a Ni cathode. We conclude from Figs.3 and 4 that the temperature change observed in the
palladium cathode in 1M LiOD is caused by joule heating due to the input power as well as
by additional excess heat generation in the palladium cathode. The excess heat generation
calculated from Fig.3 are related to the deuterium loading ratio in ways as shown in Figs.5
and 6.
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Fig.3 Comparison of the relation between Fig.4 Comparison of the relation between

temperature rise in cathode and input power temperature rise in cathode and input power

observed with Ni and Pd electrodes in 1M observed with Ni and Pd electrodes in 1M

LiIOD. LiOH at 10°C.

Figure-5 hows the variation of D/Pd and excess heat generation during the two
months period of electrolysis. The excess heat generation started several days after the
initiation of electrolysis and continued for over fifty days during which the electrolysis
current density was varied between 50 and 1000 mA/cm? and the bath temperature was
changed between 10°C and 30°C.

The relation between loading ratio and the excess heat generation derived from Fig. 5
is shown in Fig. 6. The clear dependence of the excess heat generation on D/Pd is evident
in Fig. 6. We can notice also that the critical D/Pd to give rise to the excess heat
generation is around 0.83. The critical D/Pd value found in the present study is lower by
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0.05 than that reported by SRI2. The origin
of the different values of the critical D/Pd for
the excess heat generation is not clear at
the moment.

it could be related to the different
methods employed for the determination of
D/Pd, i.e, electrical resistivity measurement
at SRI and pressure measurement during
electrolysis using a fuel cell anode.

Figure-7 shows the dependence of the
loading ratio on the overvoltage at the
palladium cathode. At 30 °C (bath
temperature) we can see a steady increase
of the loading ratio with overvoltage, while
change of the loading ratio is much smaller
at 10 °C (bath temperature) in the current
density range studied. It is evident from the
dependence at 10 °C that higher current
density is necessary to achieve D/Pd closer
to unity. The relation between the excess
heat generation and the current density
reported originally by Fleischmann and Pons
3 and later by Storms 4 for the excess heat
normalized for the unit surface area could be
understood in terms of the overvoltage
(current density) dependence of the loading
ratio as shown in Fig. 7.
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Abstract

An explosion in a D / Pd electrolytic system is analyzed, it is not chemical
explosion but cold fusion reaction. A possible mechanism of cold fusion is sug-
gested in this paper.

Keywords
explosion, cold fusion, Deuterium / Palladium electrolytic system
1. Introduction

Since the announcement of cold fusion by Fleishmann and Pons!", there
have been a lot of research works on D / Pd system in the world; a lot of explo-
sion in D / Pd systems especially in D / Pd clc?trolytic systems have happened,
the explosion happened at SRI International'? was a famous one. It was sug-
gested that explosmn in D/ Pd systems is caused by Oxygen/ Deuterium
recombination'?. In our D / Pd clcctrolytlc experiments, three explosions hap-
pened in April 1991 after measuring remains of an explosion, we induce anoth-
er conclusion: cxplosion caused by cold fusion in Pd tube.

2. Electrolytic cell and explosion case

The electrolytic system was composed of a glass measuring cylinder (925.5
x @23 x 186mm, ~ 80m1) heavy water (~ 39cm’), Pd tube (®1.67 x ©0.67 X
80mm) cathod and Pt wire anode, a rubber plug of round platform (927 x ®21
X 22mm, -~ 15.5g) stretched in measuring cylinder about 12mm and sealed the
top of the cylinder but a blowhole(®3mm, gas could escape through it), the
volume of gas above heavy water in the cylinder was about 33.3cm™. The cell
was placed in a water bath (~ 530ml light water in it).

There had been three explosions in these D / Pd electrolytic systems in
April 1991. In two explosions, the rubber plug with Pd tube and Pt wire had

FRONTIERS OF COLD FUSION



382

flown off about 1.5—2 meter away, the bottom of cell had been blown out, D,O
in cell had been mixed with H,O in bath. Because no one on the scene of explo-
sions, the tempeature of water in bath was measured about half hour after one
explosion happened, it raised 5 ° C. Before the explosion, the applied voltage
on cell was 7.5V and current was 260mA, it had been running for about 50
hours.

3. Explosion analysis

First, tempearture of 530ml water raise 5° C, it need AQ=1.1x 10*] at
least (conduction of heat is not concerned).

Second, as a result of simulation test, it need 2.1K g force for the plug fly-
ing off, corresponding excess pressure AP= 5.12x 10*Pa, it is to say that the
minimum pressure in gas cylinder of cell is 1.53x 10°Pa. Because of the
electrolytic cell is a open system, the D, and O, gas producted in electrolysis
can escape from the blowhole easily, so the excess pressure in cell can’t accumu-
late generally; but, if only there is a lot of gas be producted in short time (z) in
cell and high excess pressure is formed, the gas can’t escape through the small
hole efficiently, so the rubber plug is pushed out and flying off, the bottom of
cell is blown out resulting rocket action. Leading to this result, there are two
possible cases:

<1> 0,/ D, recombination causes chemical explosion. Volume of gas
cylinder in cell is 33.3cm’, calculating the release heat Q by the best
O, / D, mixing ratio.

2D, +0,=2D,0 + 67.8Kcal

Q=281J. It is more less than the practical heat.
We consider another limit situation, the space above heavy water in cell is
filled with O, gas and O, combines with D, gas released from Pd tube in short

time to form water, the corresponding heat is 843], it is only % of the practi-

cal heat and this kind of heat can’t heat up heavy water efficiently, so the prac-
tical explosion can’t be caused by chemical reaction.

< 2> Heat burst caused by cold fusion in Pd tube. Lots of heat released
makes the tempearture of Pd tube raises thousands degrees and heavy water
around it vaporized rapidly, the heavy water vapor makes the pressure in cell
increases speedly and explosion happens.

We can estimate the upper limit of 7 -

E /n_o"o .
e= =L 25 ()
Vo, AP D

where L=8cm (height of gas cylinder), AP=5.12x 10‘Pa, ® =2.3cm (inner
diamter of the «cell)y, ®,=03cm (effective diamter of hole),
po=0.0009g / cm? (density of heavy water vapor of 1 atm).
the result is 7= 0.0579S

the energy production rate is
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P>P =‘:—g =1.11 x 10°W / cm’ (Pd)

min

V is volume of Pd tube, V= 0.147cm’.

The heat burst in the explosion reached MW per cm’Pd.

There had been an explosion in a D / Pd electrolytic system at SRI Inter-
national on January 2, 1992 too, because it may be a close system and the
parameters are complex, we can’t reach clear conclusion on it, but it is possible
that it was a cold nuclear fusion explosion too.

3. A proposal for mechanism of cold fusion

Where such large excess heat comes from? Why the heat mismatches prod-
ucts nucleus? it is puzzle for us and very difficult to explain within the domain
of the physical and chemical knowledge now availabe, it is possible that new
physics appear in it. Two year ago, the first author of this paper provided a hy-
pothesis as follows"":

A small part of the rest energy MC? connected with the rest mass M of
deuterium can be transformed directly into utilizable energy, this process called
as RDTME can be written into the form that

D +D,— D, +D,+¢ «==(1)
in which D;(i=1—4) represent deuterons with rest mass M; respectively, and ,
M,=M —AM,, M,=M,—AM, =(2)

o= (AM1+AM2)CZ> 0 is the energy which can be released as the kinetic ener-
gy of electron, deuterons and / or the energy of photon. It seems that the value
of ¢ mainly distributes from 1 ev to 20 kev.

The reaction mentioned above takes place only under certain specific arti-
ficial circumstances with, especially, some kind of electronic screen. The condi-
tion under which F—P’s cold fusion takes place is one of these specific artificial
circumstances.

Furthermore, we suggest a possible mechanism of excess heat released in
RDTME. .

In PdDx , TiDx or other Deuterium / Metal system, when a free electron
transits to a specific state in which the electron can screen the coulomb repul-
sive force between two D nuclei i.e. the electron comes into a bound state,
the photon may be emitted. Due to some possible yet unknown relation be-
tween the electromagnetic interaction and the strong interaction, D nuclei may
provide a energy (A M) c? connecting with its rest mass Mp to the electron,
then, the electron can get back to the initial state and emit photon again. This
process may repeate several times under certain specifical conditions, as a re-
sult,the excess heat is released continuously.

We devided the screen state in which the electrons can get into two kinds:
weak screen(w—s) and strong screen(s—s).When the electrons transit to
w-—s state, only lower energy photons are emitted without any traditional light
nucleus fusion taking place; When the electrons transit to s—s state, besides the
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energetic photons being emitted, various fusions of deuterium may sometimes
be ignited. Obviously,the probability that the electrons get into w—s.state is
much more large than that the electrons get into s—s state, so the production of
excess heat is far more than that of the nuclear particles . Thus the puzzle of
the huge mismatch between the excess heat and the nuclear reaction gener-
ating particles is solved naturally. At the same time, we may understand the
possible correlation existing between the branching ratio of cold fusion and
the temperature, pressure and other enviroment parameters in the PdDx or
other Deuterium / Metal Systems.

The screening effect existing between two deuterons caused by the
mobile electrons and deuterium ions D* in the lattice of PdDx etc. have been
discussed in many papers. This effect can make the coulomb repulsive barrier
weaker , then may enhance, perhaps greatly, the probability of fusion taking
place between the low energy deuterons. But the screening mechanism have not
yet explained the mismatch between the excess heat and the fusion products as
well as the such large fusion rate obtained in the experiments.

Similarly to the reaction (1), the fusion reaction between protons and be-
tween proton and deuteron can take place too. That is to say,
the light—water—electrolysis can also generate the excess heat in spite of small.

Reference
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ABSTRACT

Measurement of D/Pd and excess heat was carried out during electrolysis of LiOD
in a fuel-cell type closed cell using two batches of palladium sheet cathodes. We applied
the "saw-tooth" current mode and the following "L-H " current mode which was employed
originally by Takahashi. Excess heat of 10-30% of input power was observed in
experiment-A using a Pd sheet cathode that was one of the same batch used by Takahashi.
But in experiment-B, the palladium sheet that was one of the different batch did not
produce any measurable excess power. The saw-tooth mode and the L-H mode operation
had no effect to enhance D/Pd.

1. Introduction

Takahashi,lida,Takeuchi and Mega have reported [1] the production of excess
power that exceeded 100 W/cm?3 in an open type electrolytic cell using a Pd sheet cathode.
They suggested that the "saw-tooth mode" and the "L-H mode" operation might enhance
D/Pd ratio more than 1.0 although measurement of D/Pd was not conducted in their study.
We developed a fuel-cell type closed cell and the method of in-situ determination of D/Pd
ratio during electrolysis.

The porpose of the present study is firstly to replicate Takahashi-type experiment
in the fuel-cell type closed cell and secondly to investigate effect of saw-tooth and the L-H
mode operation on the loading ratio. The results of simultanious determination of excess
heat and D/Pd are reported.

2. Experimental

Fig.1 shows schematic view of the fuel-cell type closed electrolysis cell. A
stainless steel pressure vessel was used with a PTFE cup fitted inside the vessel.
Electrolyte was 150 ml 1M LiOD. The vessel filled with about 9 atm.D2 was submerged in a
water bath kept at constant temperature. A cold worked pure Pd plate (1Imm thick 25 x
25mm) from Tanaka Kikinzoku Kogyo K.K. which was one of the same batch used by
Takahashi was used in Experiment-A. A second similar Pd sheet which was prepared by
the same method but is one of a different batch was used in Experiment-B. The Pd sheet

FRONTIERS OF COLD FUSION
©1993 by Universal Academy Press, Inc.



cathode was supported by PTFE retainers as shown in Fig.1. Two sheets of gas diffusion
type electrode (anode) were placed parallel to the Pd cathode. The minimum anode-
cathode distances was 10mm (or 6mm) for both sides. Loading ratio, D/Pd, was calculated
by measuring Dz gas pressure and temperature. The electrolyte temperature was monitored
by two thermocouples covered with PTFE tubes. Thermocouple-1(T-1) was located close
to the upper part of Pd cathode. T-2 was placed at the middle point between the
cathode(Pd) and anode. The calorimetric determination of excess heat was conducted by
comparing the temper9ature rise in the electrolyte observed by Ni and Pd cathode
respectively for a given input power assuming there is no excess heat generation for Ni
cathode. We started the "pre~loading phase" with the "saw tooth current mode" between
0.25A and 4.0(5.0)A repeated every twenty minutes, which was continued for 7 days. From
the 8th day we switched to the L-H current mode operation by changing the current
between 0.25A and 4.2(5.0)A every six hours.

Gas Pressure Gauge
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B 1 2

Fig.1 Fuel-cell type closed cell
Experimental conditions are shown as follows.

Table 1. Experimental conditions

Experiment-A Experiment-B
cathode material Pd sheet 1st batch Pd sheet 2nd batch
electrolyte 1M LiOD 150ml 1M LIOD 150ml
current 0.25A-4A 0.25A-4.2A 0.25A-5A
saw tooth cycle 20 min. 20 min.
saw tooth mode duration | 1 week 1 week
L-H cycle 6 hr. 6 hr.
calibration Ni sheet cathode Ni sheet cathode
water bath temperature 20°C 20°C

3. Results and Discussion

Fig.2 shows D/Pd as a function of time during the electrolysis (Experiment-A). After
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initiation of the saw-tooth mode operation, the loading ratio reached an almost constant
value of 0.78 within two hours. The loading ratio remained constant for a week throughout
the saw-tooth mode operation. On switching to the L-H mode operation, D/Pd varied
between 0.77 and 0.79 during Low and High current mode period respectively. This
suggests that the L-H current mode operation caused releasing and re-loading of
deuterium. From the 13th day we changed the current of the L-H mode to 2A and 3.5A.
And further, we changed the current to 1A and 3A from the 15th day. Then,D/Pd stayed
almost constant at about 0.80.

Fig.3 shows solution temperature(T-1) as a function of time during the electrolysis
(Experiment-A).The temperature does not reach its steady value during the saw-tooth
current mode operation for a given current density due to its too short cycle time, while the
electrolyle shows its steady temperature for the given current densities during the L-H
current mode operation as shown in Fig.3.

T 1 L T T T T T T T T T T T T T T P, i L L T T T T T T T T T T T T T
: i £
i =
w =
o | 4 e
% ) | % 40 \ [' Y i o
a f { i | |
0.5|- R 5 ‘
Lo t
c
b T (=)
E | 330t ‘ [ | E
@ ;
| 1 i
it
R NN (N TN N SN SO DU SO N TN S T 20 P O A | 11 JL lL. L& i
5 5 10 15 0 5 10 15
Time (day) Time (day)
Fig.2 D/Pd vs. Time on Pd sheet cathode Fig.3 Solution Temperature (T-1) vs.Time on
in 1M LiOD at 293K (Experiment-A) Pd sheet cathode in 1M LiOD at 293K

(Experiment-A)

‘: Y= T T 1 I A S I 30{7 ) R i S G G e G R e G R e
20 4 £ 3
g f - E 3
— X 20t =
1 - - E=y B -1
- 1 - -
= . E 1
- -1 '_ [ -~
a ] a [ 7
10} - E
B 5 10
- O Pd cathode = i
- 3 O Pdcathods
- @ Nicathode - @ Nicathode
] : [ O WO T SN WO NN N A GO TN N AN NN N S N N | n
0 5 10 15 a 10 20
Input Power(W) Input Power (W)
Fig.4 AT vs. Input Power on Ni or Pd sheet Fig.5 AT vs. Input Power on Ni or Pd sheet
cathode in 1M LiOD at 293K cathode in 1M LiOD at 293K
(Experiment-A) (Experiment-B)

Fig.4 and Fig.5 show the relation between the change in solution temperature and
input power for Experiment-A and B respectively. The relation is compared between the Ni
and the Pd cathode . From Fig.6 and Fig.7 we conclude that excess heat of 10-30% with
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respect to the input power was observed (Experiment-A), while there was no measurable
excess heat for Experiment-B

In view of the low loading ratio around 0.80 in the present study, we further
investigated effect of the way of holding the Pd sheet cathode by PTFE retainers on the
loading ratio. The retainers hold the Pd cathode at the two edges making the edges of Pd
umpolarized during electrolysis. The umpolarized edges may lead to release of deuterium
during its loading. Fig.6 shows the H/Pd as a function of overvoltage ofserved in 1M LiOH in
the absence and presence of the PTFE retainers. The Pd was hanging in solution by two Pd
wires in the absence of the PTFE retainers. The higher H/Pd values were observed without
retainers, which suggests that the unpolarised edges of Pd in the PTFE retainers are in fact
releasing hydrogen while loading is going on at other parts of the Pd cathode.

We further investigated effect of the saw-tooth and the L-H mode operation on the
loading ratio by observing the H/Pd under galvanostatic condition after the two succesive
operations. Fig.7 shows the dependence of H/Pd on overvoltage observed at constant
currents with and without the saw-tooth and the L-H mode operations before the
galvanostatic steady state loading ratio measurement. No effect of preloading by the saw-
tooth and the L-H mode operations was observed as shown in Fig.7.
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and the L-H mode operation

4. Summary

The D/Pd ratio of 0.79~0.81 was observed on two batches of Pd sheet cathodes
using the saw-tooth and the L-H mode operation. The low loading ratio suggests that the
two modes operation has in fact little effect on improving the D/Pd.

Excess heat of 10~30% with respect to the input power was observed by only one
of the Pd batches. The detection of the excess heat despite for the low D/Pd suggests that
the two modes operation may lead to the higher local D/Pd than the average D/Pd on the
Pd sheet cathode.

It is necessary to carry out further studies with better electrolysis geometry so that
excess heat measurement can be conducted under higher D/Pd ratio.
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Anomalous Heat Generation/Absorption in
Pd/Pd/LiOD/D20/Pd Electrolysis System

Chi-Meen WAN, Swe-Kai CHEN, Chiao-Jiunn LINN,
Chi-Yung LIANG, Chun-Jung LIN, Shuh-Biao CHU,
and Chi-Chiao WAN

ABSTRACT

The annealed Pd cathode, which was deuterium-loaded
for 3500 min, showed an anomalous heat generation. Anoma-
lous heat absorption was regularly repeated from 4000th to
7500th min of deuterium loading in the same cell. The cur-
rent density was 2700 mA/cm2. Total heat production was
0.3 to 3.3 MJ. Heat production of Pd per unit volume was
3.2 to 35.2 kJ/mm3. Total absorption was 22 kJ and absorp-
tion density was 217 J/mm3 in a typical absorption.

1.Introduction

Anomalous heat was reported by Pons and Fleischmann
(1) . Although it has been verified from many places, the
reproducibility is still very poor. In the laboratory at
National Tsing Hua University, Taiwan, the results are
very similar. In more than 3 years, small excess heat has
been characterized repeatedly(2). An anomalous heat in Pd
/Pd/LioD/D20 system was observed once at 2 pm on 28 Decem-
ber, 1991. There is another kind of phenomenon, anomalous
heat absorption, which has not been reported, occurs re-
peatedly. Whether there is any relation between heat gen-
eration and absorption is very valuable to study, it is
the purpose of this report to introduce the phenomena.

2 .Experimental

Both cathode and anode are palladium wires with di-
ameters of 3.2 & 0.35 mm, respectively. The surface area
of the cathode is 2 cm2. Quartz tube with diameter 50 mm
and height 100 mm is used as cell container. The contain-
ing D20 with 0.1M LiOD in the cell is 350ml, which is kept
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at constant level with an automatic D20 feeder. The charg-
ing current density is monotonically and stepwisely in-
creased to 2700 mA/cm2 by a power supply until anomalous
heat is generated.

The electrolysis cell is emerged in a water bath
with a constant reference temperature. This temperature is
kept by an Endocal RTE-220 Refrigerated Bath/Circulator
(NESLAB; NH, USA). The RTE-220 bath is with a flow of 15
liters/min at 0 feed head and has a boost heater, which
will come on if the bath temperature is 2.5 C below the
setpoint.

3.Results

I. The Phenomenon of Anomalous Heat Generation
Figs.1l(a)-(b) show the records of cell and bath
reference temperatures and DC power vs. time, respectively
These figures show the anomalous heat. In order to assure
that the anomalous heat was generated in the electrolysis
cell, rather than from the bath, a similar experiment was
performed. The bath temperature was suddenly increased to
100 C to observe the response of the cell. The results is
shown in Figs.2(a)-(b). The main difference between Figs.1
& 2 is the temperature change. There is a temperature de-
crease for bath on the left side of the peak in Fig.1l(a),
and for cell on the left in Fig.2(a). The temperature de-~

crease before (ie, on the left of) a temperature peak is
explained to be a resistance to temperature rise caused
by another heat source. By this mechanism, one can assure
that the temperature rise in Figs.1l(a) & 2(a) were caused
by a heat source in the cell and the bath, respectively.
The generated heat in the cell shown in Fig.2(a) is at
least 15°C x500ml+6.4°C x350ml = 77,240 Cal = 324,408 J.
This would heat the water in the bath from 3509th to 3523-
th min and from 85.4 to 100.4 C (the 0.4 C variation was
an error recorded by computer). That is, the increasing
rate of the bath heated by the cell is 1.07 C /min.

On the other hand, it can be calculated from Fig.
3(a) that the boost heater heats the bath water from 85.4
to 100.4 C and from 3914 to 3933 min. The heating rate is
0.79 C /min. The heating rate by the cell is 35.7% higher
than that by the boost heater. This means that the anoma-
lous heat generated in the cell is at most 1086 W. (The
heat generation for the boost heater is 800W.) Since the
anomalous heat generation was from 3510th to 3560th min,
the total heat generation in the cell is estimated to be
at most 1086 W x 50 min x 60 sec = 3258 kJ. The size of
palladium cathode is 3.2 mm in diameter, 20 mm in length.
The volume of the cathode is 101.6 mm3. The unit volumic
heat is thus from 3.2 to 35.2 kJ/mm3 if one assumes that
the heat was totally generated by the cathode.
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II.The Phenomenon of Anomalous Heat Absorption

Figs.3(a)-(b) show the records of anomalous heat ab-
sorption in the electrolysis cell. Fig.3(a) shows the tem-
perature distribution in the cell (the upper three tangled
curves) and reference temperature in the bath (the lower
curve). The DC power, voltage, and current in the cell
are shown in the upper, middle, and lower curves, respec-
tively.

It can be seen from Fig.3(a) that the cell tempera-
ture decreases from 95 to 78 C within 10 min and then re-
covers to 95 C. The reference temperature can rapidly
drop by 4 C . These temperature drops occurred once every
500 to 600 min. The highest drop is 15 C . The anomalous
heat generation and absorption happened in the same cell
and the time interval between the heat generation and the
1st heat absorption is about 300 min. The typical heat
absorption shown in Fig.3(a) is estimated to be

15 C x 350 ml = 5250 Cal = 22,050 J.
The voltage and current were steadily decreased by a
small rate until a temperature drop suddenly occurred and
then increased to the original values (Fig.3(b)). The DC
power drop for each cycle is about 10 W, ie, in 110+ 5 W.
For each drop, the dropping rate is more rapid than the
temperature recovering rate. The dropping rate is at
least 15°C /5min = 3C /min. The unit volumic heat absorp-
tion is 22050 J/ 101.6 mm3 = 217 J/mm3.

4 .Summary

In this experiment, a Pd/Pd/LiOD/D20 electrolysis
system was used. The diameters of Pd for cathode and anode
were 3.2 and 0.35 mm, respectively. In the case of quartz
container, both anomalous heat generation and absorption
were observed. The total heat production for anomalous
heat burst in quartz container is calculated to be from
0.3 to 3.3 MJ and the unit volumic heat of Pd cathode is
from 3.2 to 35.2 kJ/mm3. For heat absorption, the total
heat involvement is 22kJ and 217J/mm3. The current density
was 2700 mA/cm2.

The financial support of NSC, Republic of China, and
National Tsing Hua University, to this work is gratefully
acknowledged.
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Periodically Current-Controlled Electrolysis of
D20/Pd System for Excess Heat Production

Hiroyuki MIYAMARU and Akito TAKAHASHI
Department of Nuclear Engineering, Osaka Univer-
sity, Yamadaoka, 2-1, Suita, Osaka, JAPAN

ABSTRACT

For the purpose of clarifying the correlation
between current density and excess heat production in
the D,0/Pd electrolysis, a new measurement system with
an open type calorimeter was constructed. An electrol-
ysis cell was specially designed and applied current
was changed every few hours. Some palladium plates
were electrolyzed with various current densities. A
slight excess heat was observed during step-up mode
electrolysis of the palladium plate called the 1st
batch. No excess heat was observed with other palladi-
um plates. Though the relation between applied current
patterns and excess heat level was not clear, this
study suggests that palladium material feature has an
important role in excess heat production.

Introduction

It has been suggested!’ that excess heat occurs
near surface of Pd cathode. However, the correlation
between current density and excess heat level is not
clearly understood in the recent studies of cold fusion
phenomena?’-®*'. The purpose of this study is to find a
critical current density and appropriate current pat-
terns which may trigger the excess heat production or
enhance Pd/D ratio in palladium cathode. 1In the elec-
trolysis, applied current is dynamically changed every
few hours to scan various current densities. An open
type calorimeter is specially designed to obtain rapid
thermal response of the applied power. Multi-point
measurement system is also established for the accurate
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evaluation of heat level.
Experimental

Figure 1l(a) shows the illustration of an open type
calorimeter for an electrolysis cell (D.O/Pd +
0.3 mol/1 LiOD). The cell and the measurement system
are specially designed for the periodic electrolysis.
An external cooling apparatus is installed to obtain
rapid thermal response of the calorimeter. The temper-
ature of water coolant is controlled to be 20°C+0.05°C.
The influence of thermal gradient is minimized by a
mechanical stirrer and multi-point measurement. Three
thermocouples are installed to monitor electrolyte
temperature at the top, middle and bottom of electro-
lyte. Another two thermocouples are installed in the
inlet and outlet of cooling glass tube. The difference
of coolant temperature is monitored to cross-check heat
level. All the thermocouples are sealed with teflon
coating.

The electrode assembly is shown in Fig. 1(b). The
cathode is palladium plate (25mm x 25mm x 1lmm) that was
supplied by Tanaka Kikinzoku Kogyo K. K.. The anode is
platinum wire mesh (25mm x 40 mm, 50 meshes/inch) that
is attached on both sides of the cathode with 6mm
spacing. This mesh anode is intended to uniform the
deuterium charge into the palladium sheet. This assem-
bly is set in the central part of the cylindrical cell.

Thermocouple

fal Elaclrodeassembly/ ~

Coolant In

Pt mesh anode

Horder

Stirrer magnet

Fig.1l(a) Cross sectional view of the calorimeter.
(b) Electrode assembly with an acrylic holder.

A gold plate is substituted for the palladium
cathode and electrolyzed to obtain a calibration curve
from 0.4 W to 120 W. Another calibration curve is
obtained from the difference of the coolant temperature
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between inlet and outlet. Measured temperature is
converted into heat power level.

Results

Some palladium plates called the 1lst, 2nd and 3rd
batch were studied using this calorimeter and current
patterns were changed respectively.

(a) Low-High electrolysis mode (L-H mode)

The palladium sheets of the 2nd and the 3rd batch
were loaded with deuterium by L-H mode. Low current
(30 mA/cm?) and high current (300 mA/cm?) were applied
alternatively in each 5 hours interval. The amplitude
of the input power ranged from 0.4 W to 60 W. Figure 2
shows the experimental result of L-H mode. Measured
electrolyte temperature was converted into output power
by the calibration curve. The bar shown in the figure
indicates the output power including *1 watt error
level of this system and broken line indicates input
power. No excess heat was observed with each palladium
batch during one month run.
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Fig.2 Experimental result of L-H mode (3rd batch)

(b)Step-up mode

Step-up mode electrolyses were performed for the
1st and the 3rd batch Pd cathodes. The current
density was stepped up with 2 hours interval from
30mA/cm? to 400 mA/cm? in 6 steps and this cycle was
repeated. One of the experimental results of step-up
mode electrolysis is shown in fig. 3. A slight excess
heat was observed during the electrolysis of the 1lst
batch Pd. Excess heat level was about 2 W (3 % excess
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level). However, no excess heat was observed with the
3rd batch.
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Fig.3 Experimental result of step-up mode (1lst batch)
Conclusion

Cell temperature was slightly different at each
point. This shows that thermal flow is produced by the
bubbling, stirring and thermal conductivity effect in
the cell. Since thermal flow path becomes unstable due
to turbulent flow in electrolysis for long run, multi-
point temperature measurement should be needed and
total heat level must be calculated by the integrating
heat levels at various points in the cell, so as to
make calorimetry in precision.

Slight excess heat was observed during one month
electrolysis by using the 1lst batch palladium. Al-
though the 3rd batch was treated with the same way of
the 1st batch, no excess heat was observed. The rela-
tion between applied current density and excess heat
production has not been clarified. On the experiments
using the 1lst batch and the 3rd batch, it is suggested
that palladium material feature will have a important
role in excess heat production. Qualification of Pd
metal fabrication should be established to obtain
systematic excess heat data.
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Some Lessons from 3 Years of Electrochemical
Calorimetry

Michael E. MELICH
Physics Department Naval Postgraduate School
Monterey, Califomia 93943-5000 USA

Wilford N. HANSEN
Physics Department Utah State University
Logan, Utah 84322-4415 USA

Abstract

An analysis of the time series data from the 16 Harwell FPH electrochemical
cells is being conducted. Using generally accepted calorimetric principles and
detailed numerical analysis, the behavior of “cold fusion” output data is used to
estimate the instrumental sensitivity and the time varying accuracy of the results of
the experiments. In Harwell’s D,O Cell 3 there are more than ten time intervals

where an unexplained power source or energy storage mechanism may be operating.
A comparison to a previous analysis of Pons and Fleischmann data is made.

Introduction

With the cooperation of Harwell and its research team, Williams et al[2], we
have obtained copies of the digital data, laboratory notebooks, and other records of
the 1989 Harwell electrochemical calorimetry experiments on “cold fusion”. With
this information we have been able to explore the characteristics of their
experimental design and their data thereby developing insight into the quality of the
experimental results. These results are briefly compared to results of Hansen’s [1]
similar analysis of Pons and Fleischmann data.

Conclusions

o Characterizing the Instruments. Harwell’s extensive variations in the
timing and magnitude of the calibration heater power and the electrochemical
current/voltage pose a robust test of models of the electrochemical calorimetry
instrument.

* Experimental Protocol and Interpretability. The regularity of the
experimental protocol used by Pons and Fleischmann as reported at ICCF2 by
Hansen[1] produces significantly less ambiguity in interpretation of experimental
results than those used by Harwell.

¢ Extractable Information. Regression techniques for estimating parameters
in mathematical models can be applied to the Harwell data to extract more
information than presented by Williams et al [2].

¢ Reliability of Data Sets. Not all operating regimes captured in the Harwell
data can be described by the available models. However, performance over
extensive time intervals are well described and can be used to accurately estimate
heat transfer coefficients, anomalous power values, and experimental uncertainty.
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e Anomalous Power in Cell 3. Heavy water Cell 3 showed a marked
temperature rise on more than ten occasions while its light water control Cell 4
showed no such rise. The power required to generate these increased temperatures is
100-200 mW. The input power to the cell was generally less than 1500 mW. The
calorimetric error during these periods was approximately 1%.

Data Screening and Parameter Estimation

We have found in studying the Harwell data from their FPH cells that the
accuracy to which they can be analyzed varies greatly from cell to cell and within a
given cell. We have found that an effective way of finding “good” regions, i.e.,
those with small fluctuations in the estimated parameters, for analysis is to calculate
the conductive heat transfer coefficient Kc using a “sliding” window of , say, ten
points(30 min), which is moved over the entire time history of the cell. For this the
excess heat, Qf, is temporarily assumed to be zero.

Plots of such running Kc values are shown in Figure 1a for heavy water Cell
S and in Figure 1b for light water Cell 14. Cell 14 is obviously much better behaved
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Figure 1. Thirty minute “sliding window"~ estimates of the

conductive heat transfer coefficent for: (a) 41 days of operation

of DZU CellS; (b) 36 days of operation of HZD Cell 14.

than Cell 5. Ideally, Kc should remain constant. The large change with electrolyte
height, the “tidal effect”, is easily understood. The tidal variations and especially
the wild gyrations are simply due to poor cell design and function.(Effects on
performance and virtual elimination of the tidal variations in Pons and Fleischmann
redesigned cells is described in Hansen[1].) Fortunately there is an abundance of
FPH data, including many calibration pulses of known power. Sometimes the
equations(Pons and Fleischmann equations are used here) don’t fit the large changes
in current and heater power, presumably because stirring ceases to be adequate or
some other control breaks down. These regions become obvious from a study of



apparent Kc behavior. But where Kc is somewhat misbehaved the fit is good and a
non-zero Qf would show up clearly.

These observations are illustrated in the Figure 1 and Table 1. Cell 14 is
fairly well behaved from data point 5,500(18,850 min) out to 15,800(49,750 min).
The many pulses and current gyrations in this region’ are well accommodated by the
equations. In Cell 5, however, there are several regions where a reasonable fit
cannot be achieved. It is simply fruitless to attempt fits in these regions. The data
are faulty. Fits can still be had in good regions.

Table 1 shows the results of least squares optimization over various time
intervals with simultaneous fitting of Kc and Qf. By choosing regions with
calibration pulses and by avoiding a few bad regions, Qf can be determined to within
about 0.01 watts. This is an order of magnitude better than the original analysis of
these data presented by Williams[2].

-4
Table 1. Estimated Kc and Qf for H20 Cell 14. (Kr = 5x10 -10 watts deg )

29,350-32,350

Time/minutes Kc/Watts C Qf/ Watts
18,850-21,850 0.0659 -0.0072
20,500-23,350 0.0676 0.0028
23,350-25,350 0.0649 0.0091

(Failed to converge,

no good calibration puise.)

33,850-36,850 0.0766* 0.0621*
38,350-41,350 0.0688 -0.0083
18,850-35,350 0.0682 0.0143
18,850-62,350 0.0698 0.0064 T
41,350-62,350 0.0757** 0.0206**

* Suspect estimates, see Figure 1.
** Data beyond 50,350 min is suspect, yet the estimate for
average Qf is within 2% of zero.

Anomalous Power in Cell 3

Harwell Cells 1, 2, 3, and 4 were wired in series to a constant current source.
Odd numbered cells had D, 0O, even numbered cells H,O. The Pd cathode of 6mm

diameter by 10 mm length was in 0.1 molar NaOD in Cell 3 and 0.1 molar NaOH in
Cell 4. Figure 2 shows a section of time series data covering the period 10,000
minutes to 30,000 minutes. The data collection started at 2,350 minutes and a 198
mA current was first applied at 2,632 minutes.

Compare the behavior of the temperature and input power traces for Cell 3
with those of Cell 4 starting at time 13,918 min, where the Cell 3 voltage jumps by
80 mV(not shown) and its temperature begins a much faster rise. The temperature
rise is halted with the refilling of Cell 3 at time 14,197 min, which produces a
voltage increase of 26 mV, while Cell 4 is refilled at 14,212 min producing a voltage
drop of 39mV. The temperature change for Cell 3, T(14,197) - T(13,918) = 31.84 -
30.47 = 1.37 C; compare to Cell 4, T(14,212) - T(13,918) = 26.16 - 25.96 = 0.20 C.
That is, over the same nearly 3 hour interval with the same electrical current in the
same bath but with different electrolytes, Cell 3 experienced a 1.37/.20 = 6.85
greater temperature rise than Cell 4.
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Subsequent to Cell 3’s rapid temperature rise at 13,918 minutes it
experiences a sequence of over 10 similar increases during the next 9 days.
Throughout these anomalous increases in temperature in Cell 3, Cell 4 behaves
“normally”, i.e., it suffers no unexplained pulses of energy. Our initial estimate of
the power associated with these anomalous temperature increases is 100-200 mW.
The electrolytic current was under 300 mA and the potential was less than 5 V.
There are calibration pulses which occur during these events. Further analysis of this
data is warranted and underway.
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List of Symbols/Nomenclature

Kc - Conductive heat transfer coefficient, W/degree C

Kr - Radiative heat transfer coefficient, W/degree 4

Qf - Excess Heat, W

Points - Data point set, collected every three minutes in Harwell
experiments

T(14,198) - Temperature at time 14,198 since starting time of Harwell
experiments, may not be from starting time of particular Cell

L; L(19,128) - Liquid addition; at the particular indicated minute, e.g.,
19128 minutes
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A Potential Shuttle Mechanism for Charging
Hydrogen Species into Metals in
Hydride-Containing Molten Salt Systems
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ABSTRACT

This paper proposes a “shuttle mechanism” in the hydride-contain-
ing molten salts under severe charging conditions. Our previous work
reported that the use of elevated-temperature deuteride-containing
molten salts promises great potential for charging deuterium into metals
for excess heat generation. Substantial excess heat was measured occa-
sionally but was difficult to reproduce, which reduced the prospect of
this technology. We believe an understanding of the reaction mechanism
is critical for reproducibility.

The proposed “shuttle mechanism” is based on the interpretation
of the polarization behavior for various cell operating conditions. An
attempt has been made to understand the reaction(s) responsible for the
excess heat generation in spite of the complexity of the electrochemis-
try of this molten-salt system compared to heavy-water electrolysis. We
examined the oxidation potentials reported in the literature and com-
pared with results obtained from polarization techniques.

1. n duction

The reducing environment of the eutectic LiCl-KCl system incorpo-
rated with excess LiH has been proposed (2] for preparing “hydrogen-
transparent” interfaces to enhance metal-hydrogen interactions without
interference from surface oxides. It is particularly important for base
metals, e.g. Ti, V, Nb, and Zr, that usually have oxides. The narrow
stability of LiH at very reducing potentials is shown in Fig. 1. This
narrow stability window of LiH, on the other hand, provides an addi-
tional potential range suitable for imposing a high hydrogen activity on
metals, as the shaded areas in the figure show. We call this regime the
“Window of Opportunity for Excess Heat (WOEH).” The lower limit of the
WOEH starts from the reversible D°/D, potential where the hydrogen par-
tial pressure is 1 atm at the particular temperature. The upper limit
is constrained typically by the chlorination of the specific metal.

The redox potential for metals in the eutectic LiCl-KCl system has
been reported in the literature [6,7,9]. This information, although for
equilibrium conditions, is useful for interpreting reactions during the
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Figure 1. Immunity of V, Ti, and Pd in the molten salt
melt at 700 K. The shaded areas represent the "Window of
Opportunity for Excess Heat" (WOEH) for V, Ti, and Pd,
respectively.

charging conditions and for selecting materials for molten salt cells.
Pd exhibits a wide range of stability and thus has an optimal WOEH.

We reported two intriguing events of excess heat production using
molten salt techniques [3-5]. Thermochemical considerations cannot
explain the excess heat anomaly. “He enrichment found in the deuteride
sample [3] seems to support the results reported by Bush et al. [1].
However, the complexity of the molten salt system causes difficulty in
reproducing excess heat on demand. We believe a understanding of the
electrochemical behavior of the molten salt system will help us achieve
reproducible excess heat generation.

2. Methods

A typical molten salt cell comprises:

“LiAl”/Al | LiCl-KCl eutectic, excess LiD(H) | M; M=Pd or Mo.

The “LiAl”/Al mixture services as a secondary reference electrode
as well as a Li reservior, while the choice of Pd or Mo depends on the
need for D(H) absorption. The cell was operated in a controlled argon
atmosphere with minimal oxygen and moisture content. Voltammetry was
conducted using a PARC 173 potentiostat with a PARC 175 Universal Pro-
grammer or a HP-3325B Synthesizer/Function Generator.

3. Results

Fig. 2 is a cyclic voltammogram which displays a concentration
dependence of the polarization behavior in a semi-quantitative manner.
The relative concentration was calculated from the charge (by integrat-
ing the current over the time) involved during the polarization cycles.
This result demonstrated that a continuous cycle has a noticeable effect
on the polarization behavior at high potentials as LiD became depleted
in the melt. Table 1 lists a series of possible reactions and their
potentials obtained from the thermodynamic data [4].

4. Discussion

As we considered a number of possible reactions we found that:

1) Pd tends to evolve, rather than absorb, hydrogen, according to
the reversible cell potentials. However, under a low-current-density
charging, the absorption and hydride formation dominate, attributing to
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overpotentials associated with each process.

2) The cyclic voltammogram (Fig. 2, curve a) displays two dis-
tinct peaks: one located at -307.7 mV and the other at about 150 mV vs.
an “LiAl”/Al reference. The peak at -307.7 mV is assigned to the re-
versible Li*/Li reaction, similar to that reported by Wen et al. (8].
The peak at about 150 mV is assigned to deuterium gas evolution (ex-
pected at 106.7 mV at 648 K). The gas evolution is almost irreversible,
as expected, since no reverse peak is found. The curve also exhibits
curvatures for activation and transport-limiting regimes, respectively.

3) According to the redox-potential series, we assume the cell
reactions varied with LiD concentration in the melt, resulting in vari-
ous chloride formations. The formation of LiAlCl, was expected at about
1.1 V. We detected Al deposition on Pd using the SEM/EDX technique. Al
seems to result from a further oxidation of AlCl,” at the anode. 2nCl,
formation was next to follow, as Zn was also detected on the Pd surface
by SEM/EDX. The Zn deposition might follow a similar route as 2ZnCl,2"
being oxidized to Zn on the Pd anode at potentials higher than 1.73 V.

4) The FeCl, formation occurs at about 2.02 V, while the FeCl,
formation is at a higher potential of about 3.10 V. Fe was an impurity
introduced by the current leads. The two reactions exemplify the corro-
sion of leads in the melt, which often caused failure of the cell.

5) Finally, an interesting shuttle reaction depicts the conver-
sion of deuteride into deuteron at a potential higher than 2.148 V. The
presence of the deuteron under the charging condition could lead to an
intriguing consequence at the anode. This situation suggests that a
substantial polarization could result in a high concentration of D* at
the anode and D~ at the cathode. The influx of D~ accelerated by the
strong electric field to impact the concentrated D* at the anode might
have an unpredictable but significant effect on the excess heat produc-
tion. One may also consider a dynamic shuttle process of which deu-
teride was stripped into deuteron at the anode and subsequently con-
verted back to deuteride at the cathode.

From our reported polarization behavior in the excess heat events
[4,5], we identified a possible scenario that corresponds to the excess

heat process.
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Figure 2. Polarization curves of an Al|LiCl-KCl eutectic,
excess LiD|Mo cell.
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Table 1. Free Energy and Enthalpy of Reactions in the
Molten salt Pd-D System at 700 K

Reaction AG, kJ mol? Potential, V

1. x LiD + Pd + x Al

= x “LiAl” + PdD,, 5 26.363 0.273
2. x LiD + PdDy 5 + x Al

= x “LiAl” + PdDy. s,y x50 12.41 0.129
3. LiD + Al = “LiAl” + 0.5 D, 7.00 0.073
4. 2 LiCl + PdDy 5 + 2 Al

= 2 “LiAl” + PdCl, + 0.25 D, 606.637 3.143
5. 2 LiCl + Fe + 2 Al

= 2 “LiAl” + FeCl, 390.123 2.021
6. 3 LiCl + Fe + 3 Al

= 3 “LiAl” + FeCl, 898.839 3:105
7. 4 LiCl + 4 Al

= 3 “LiAl” + LiAlCl, 425.181 1.102
8. 2 LiCl + 2 Al + Zn

= 2 “LiAl” + ZnCl, 333.856 1,730
9. 0.5 LiCl + PdDy s + 0.5 Al

= 0.5 “LiAl” + 0.5 DC1 + Pd 103.652 2.148

This potential seems related to FeCl, and/or D* formation. We further
excluded the FeCl, formation to be solely responsible for excess heat
based on the arguments of thermochemical data and mass balance. There-
fore, it is most likely that the D* and D~ transport contributes to the
current passing through the cell. Without an impeding surface layer,
the high potential implies a high deuterium activity and loading in Pd.

5. Conclusions

1) D* formation may occur during high-current charging at over 2v,
enhancing the deuterium loading for excess heat generation.

2) The Fe/FeCl, redox can help stabilize the D* formation.

3) The D*/D- shuttle process could maintain a high current at high
potentials without exhausting LiD in the melt.

4) The control of the relative concentration of Li*, Fet2, D*, D-

and Cl- in the melt seems crucial for the excess heat effect.
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Experiments Supporting the Transmission
Resonance Model for Cold Fusion in Light Water:
I. Correlation of Isotopic and Elemental Evidence
with Excess Heat
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California State Polytechnic University, Pomona
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ABSTRACT

The experimental evidence cited here (Part 1) in support of the Bush TRM
Model was originally reported by Bush? in his paper, “A Light Water Excess
Heat Reaction Suggests That ‘Cold Fusion’ May Be ‘Alkali-Hydrogen Fusion.’”
Excess heat production in electrolytic light water experiments was experimen-
tally correlated with a shift not only in elemental abundance but also with an
isotopic reversal in the case of a light water-based Rb003 cell found to produce
strontium. Part 13 reports on more recent work correlating x-ray emissions
with excess power for both a heavy water excess heat reaction and a light water
excess heat reaction.

1. Introduction

Bush’s three dimensional transmission resonance model (TRM)2 predicts
a unique variation in the excess power for an electrolytic cold fusion cell as a
function of the applied current density and cell temperature. Previous experi-
ments# involving heavy water yielded data in agreement with the predictions of
this model:2. The present paper cites more recent work with alkali ions in light
water originally reported by Bush.2 In that paper he hypothesized that the light
water excess heat reaction with potassium carbonate originally reported by Mills
and Kneizys® and the heavy water excess heat reaction of Fleischmann and Pons
are two sides of the same coin, the latter representing low energy nuclear pro-
cesses at, or within, a metal lattice. These processes were hypothesized to in-
volve the transfer of either a proton, deuteron, or triton, to an alkali nucleus,
yielding three forms of “alkali-hydrogen fusion”, respectively, as the prototype
for a generalized low energy nuclear transmutation in a lattice2. (“Alkali
nucleus” was taken to include hydrogen itself.) This form of fusion avoids two
thorny problems inevitably cited by critics of “cold fusion;” viz. a spectacular
insufficiency of neutrons, and of gamma rays. (X-ray emission, which would be

FRONTIERS OF COLD FUSION
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expected in connection with the product nucleus is correlated with excess heat
production in Part Il.) Bush2 hypothesized calcium and strontium, respectively,
as the nuclear products in the cases of the light water excess heat effect employ-
ing alkali salts of potassium and rubidium, such as the carbonate or hydroxide.
Excess heat production was correlated? with an elemental shift from potassium
to calcium in support of the Bush TRM Model'+2. Here we give more details of
the work reported by Bush? involving the elemental shift from rubidium to
strontium and the isotopic reversal between Sr86 and Sr88 hypothesized and
measured in the case of a light water-based rubidium carbonate cell.

2. Apparatus

The electrolytic cell employed is similar to that Fleishmann-PonsS with
the following principal modifications: (a) the use of a platinum black recombiner
in the cell to allow for closed-cell operation, (b) a magnetic stirrer that pro-
vides for more uniform electrolyte mixing, and (c) Teflon coating of all
nonelectrode materials to reduce electrolyte contamination. It consists of a double
wall pyrex vessel surrounded by a one inch thick layer of styrofoam. Cell tem-
perature is regulated by controlling the temperature of the bath water which
flows through the jacket surrounding the cell. Cell temperatures, current, and
voltage data were monitored and logged using a Macintosh lIx computer equipped
with National Instrument’s LabView software. Four type K thermocouples were
used with each cell: one at the bath inlet port, one at the bath outlet port, and two
within the electrolytic cell. The thermocouple voltages were converted to tem-
perature by use of AD595AQ/9217 integrated circuit chips. This system per-
mitted steady state temperature measurements with standard deviations of about
0.05 OC. Corrections for thermocouple temperature offsets were made within
the software. The cells’ current and voltage signals were logged from Fluke 45
dual display multimeters which were equipped with an IEEE bus. In the case of
the light water cells the nickel sponge (nickel fibrex) cathode typically forms an
open cylinder of thickness 0.5mm and radius about 1.5 cm, with a platinum wire
positioned axially as the anode. Calibration is achieved by running the cell
anodically, and can typically be checked on the fly.

3. Rubidium Carbonate Cell: Elemental and Isotopic Analysis and Correlation
With Excess Heat.

Figures 1-4 on the last page show a mass spectrogram resulting from a
SIMS analysis of the cathode of cell 53: [ light water based 0.57M Rb2@3 elec-
trolyte (50 ml), platinum wire anode (18 cm long, Tmm diam.); sponge nickel
(fibrex) cathode (45 cm2 “area”); charging began 9:20PM, (2/1/92) (1 mA/
cm?); excess heat detected: ( 2/4/92); cell turned off: (3/25/92); peak excess
power: 4.3W ( Input: 6.34V/2.36A/14.96W, gain 28.7%), average excess
power: (1.81 + 0.37) W; total excess heat: (6.4 + 1.3) MJ.] Fig. 1 shows
the post-run, (0-100) amu (“atomic mass units”) mass spectrum (spectro-
gram) with large signals for Rb85 and Rb86 and significant signals at mass
numbers 86 and 88, which Bush? interpreted to correspond to strontium; viz.
Sr86 and Sr88, respectively. {Note that the signal “bias” has been turned way
up in going from the spectrum of Fig. 2: [(pre-run), (0-100)amu] in order to
accomodate the large rubidium signals and to suppress noise. This can be guaged



407

by noting that the nickel signal (Ni) has been significantly reduced in going from
Fig. 2 to Fig.1. In addition, the signals in Fig.2 between masses 66 and 100 that
appeared in Fig.2 have, for the most part, been suppressed in Fig.1. The NiO
signal at mass 74 was large enough in Fig.2 to still show up in Fig.1, but the
original signals for mass numbers 86 and 88 in Fig.2 are clearly too small with
the bias employed for the spectrum portrayed in Fig. 1 to contribute noticeably
to he signals at 86 and 88 of the post-run spectrm. [The niobium (Nb) appear-
ing in Fig. 1 was apparently the result of having employed the platinum anode of
cell 53 in a previous cell, number 48, which had-a reference electrode con-
structed from a platinum-coated niobium wire.} Now, the most striking feature
of the post-run spectrum, as reported by Bush¥, is that the ratio of the stron-
tium signals (86-to0-88) is close to that of the rubidium signals (85-t0-87),
or about 2.59. Had the strontium been the result of contamination, one would
expect to see the ratio of the strontium signals mirroring the normal abundance
ratio for these isotopes; viz. about 0.1 2.

[It should be noted that, while the electrolyte was not analyzed for strontium, an
analysis of the pre-and post-run for cell 49, a previous Rb2003 cell at Los
Alamos (LANL) via arc spectroscopy showed no elemental strontium in either the
post- or pre-run electrolyte samples from cell 49 down to a concentration of 50
ppb. (An earlier positive test of the electrolyte of cell 49 for strontium by Geo-
Monitor, Inc.1 was probably flawed by the assumption that a linear extrapolation
could be made in the case of a flame photometry device set with the “zero” not
corresponding to O ppm for strontium.) In addition, a mass spectrometric study
of similar electrolyte samples from cell 49 by West Coast Analytical Service, Inc
of Santa Fe Springs, CA, showed no strontium isotopes down to a concentration of
Sppb. (The Sppm reported in Bush's paper was an uncorrected typing error.)
The anode was not analyzed for strontium. However, here, as in the case of the
electrolyte, strontium in the post-run cathode resulting from contamination
would have isotopically mirrored the natural abundance ratio rather than show-
ing an isotopic reversal.] In his report, the SIMS operator specified the ratio of
the post-run “strontium” signal to that for rubidium as 6.2 x 10~ 9. Based
upon the known rubidium concentration of the electrolyte and the excess heat
measured for cell 53, Bush has recalculated a theoretical value for this ratio of
(7.4 £ 1.5) x 10 5, in good agrement with the above experimental value,
and in support of his “alkali-hydrogen fusion” hypothesis2. (This replaces an
earlier estimate of Bush2 based upon an incomplete assessment of the excess heat
for cell 53.) It is interesting to note that the SIMS operator reported the stron-
tium as “rubidium hydride”. However, although his mass spectroscope was
incapable of distinguishing strontium from rubidium hydride, the latter is very
unstable and known to dissociate at 27 C. As a measure of how patently absurd the
hypothesis of rubidium hydride is, our contact at the national laboratory, who
arranged the out-of-house SIMS test, points out that the signal in the mass
spectrum for the much more stable rubidium oxide in Fig. 3 is lower than the
signal for the so-called “rubidium hydride” of Fig.1. (It is sad to have to report
that the highly competent SIMS operator was apparently sufficiently upset that
he was analyzing the results of a “cold fusion” experiment that this, no doubt,
influenced his choice of labelling for the masses 86 and 88 in the post-run
spectrum of he report. In addition, because of the negativity surrounding cold
fusion, both our helpful contact of noted expertise and integrity and his otherwise
fine, and certainly prestigious, laboratory must remain anonymous for the
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present time.) Thus, it is apparent that the signals at masses 86 and 88 of Fig.
1 more than likely represent strontium, in spectacular corroboration of the
hypothesis of “alkali-hydrogen fusion”? in a metal lattice.

SC/RD ‘= 6.2x 10

60
MASS (amy) MASS (amu)
Figure 2. Cathode pre-run mass spectrogram. Figure 4. Cathode pre-run mass spectrogram.
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ABSTRACT: Part I3 presented evidence in support of Bush’s TRM
Modell,2,4 and, in particular, his hypothesis of “alkali-hydrogen fu-
sion” in a lattice as a prototype for cold fusion with both light and
heavy water?. In Part Il preliminary evidence is presented for x-ray
emission accompanying both the heavy and light water excess heat
effects in the form of both characteristic x-rays and bremmstrahlung.
These studies had the unsatisfactory feature of low signal-to-noise, but
the satisfactory features of reasonable statistics and excellent correla-
tion. An interesting feature was that x-ray emission decreased some-
what after a cell was switched off, but then spiked upward to decay
exponentially to the background level over a period of days. This
emission was apparently associated with the desorption of hydrogen
from the cathode. With the cell turned off it was also possible to study x-
ray emission accompanying the thermal desorption of hydrogen by
changing the cell temperature and studying x-ray emission as a func-
tion of cathode surface temperature. When this effect of x-rays accom-
panying desorption was factored in, Bush’s TRM Modell,2:4 appears to
account for the correlation between x-ray emission and excess power.

1. Introduction:

Copious amounts of radiation, either in the form of neutrons or
radiation , have not been reported in the case of either heavy water cold
fusion cells (Fleischmann-Pons5) or light water cold fusion cells
(Mills®), and this has been a puzzle. Bush points out that his TRM Model
incorporating the hypothesis of “alkali-hydrogen fusion” in a lattice
offers a solution to this puzzle: Thus, if much, or all, of the excitation
energy goes into the kinetic energy of the product particle; e.g. a cal-
cium nucleus in the case of a potassium nucleus adding a proton at, or

FRONTIERS OF COLD FUSION
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just inside, the surface of a nickel lattice, one would expect radiation in
the form of characteristic x-rays and bremmstrahlung, but no neutrons
or gamma rays, which are far more penetrating. So, where are the x-
rays? Tantalizing evidence has been achieved by researchers such as
Miles and Ben Bush?, who have had one instance in which a dental film
placed inside a heavy water cell showed fogging in a case in which the
cell was also known to be evidencing excess heat. In addition,
Srinivasan8 has seen evidence of extraordinary electron fluxes in cases
of palladium and titanium loaded with either deuterium or hydrogen
electrolytically or by gas-loading. It was primarily private communica-
tions from these two groups that encouraged Bush to look for x-rays
with cells designed by Bush and Eagleton and built by Eagleton.

A limitation was that only one scintillation counter was available.
Additionally, the emission was meager enough that it would not fog
dental film positioned against the outer Styrofoam surfaces even for
many days. However, by placing a scintillation tube on top of the cell,
or as close as possible along side at the same height as the cathode (This
orientation usually gave he best counting rates.) it was possible to attain
data in support of the existence of both characteristic x-rays and
bremmstrahlung and, also, to see two basic x-ray effects: 1. Qualitative
and quantitative correlation of x-ray emission with excess power. 2.
Qualitative and quantitative correlation of x-ray emission associated
with the desorption of hydrogen from the cathode. The weight of the
evidence provides support for Bush’s three dimensional TRM Modell,2,4
(Transmission Resonance Model). An unsatisfactory feature of these
preliminary studies was the low signal-to-noise ratio of the data, which
meant that one must often count for long periods of time (hours or
days). (This aspect is apparently consistent with those studies in which
previous experimentalists anticipated seeing a readily-measurable
effect.) However, a significant ameliorating feature was that, whereas
characteristic x-rays required days of counting and then about half that
of background subtraction at relatively low excess power to see, correla-
tions of x-ray emission with excess power could be observed for cases in
which each x-ray data point required only about fifteen minutes, pro-
vided that the counts from many channels of a multi-channel analyzer
were added together to establish a single data point. Thus, the sum of
the counts resulting from bremmstrahlung and numerous characteris-
tic x-rays was employed to establish a single data point. This enabled
the pattern of x-ray data points to be correlated either qualitatively, or
quantitatively, with the excess power data achieved with the calorim-
eter. The result was that poor signal-to-noise was considerably compen-
sated by reasonable statistics and a high correlation resulting in a high
leveg of confidence in the results. Reproducibility also appeared to be
good.

2. Apparatus:

The electrolytic cell (light water case), calorimeter, and comput-
erized data acquisition system were described in Part I3. For the heavy
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water cell the anode-cathode configuration (platinum wire anode-
palladium cathode) of the cell was close to that of Fleischmann-Pons>.
X-ray measurements were performed using a Bicron 1.5 inch diameter
Nal scintillation detector. An 811-3 multichannel analyzer PC board and
software by Nucleus, Inc. of Oak Ridge, Tennessee were employed by
Bush for x-ray counting.

3. Experiments with a Heavy Water Cell (Cell S8):

The electrolytic cell chosen for the initial studies attempting to
correlate x-ray emission and excess heat, cell 58, had a cathode consist-
ing of a (77% Pd/23% Ag)-alloy fabricated by Storms of Los Alamos. The
platinum wire anode was wrapped uniformly around this thin flat
cathode ala Takahashi. It took about 16 days of charging to produce any
excess heat, with much current ramping along the way. Approximately
3 W was the highest excess power observed. (Cathode surface area: 4
cm2. An unusual feature was that the electrolyte was 0.85M LiOD.)

Discovery of x-ray emission-vs.-current density fine
structure mirroring that for excess power vs. current den-
sity and predicted by Bush’s TRM Model.

Fig. 1 portrays this situation for which calorimetric data and x-
ray data were taken simultaneously, and show a strong correlation
based upon the similarity of the typical “hill-and-valley” curve famil-
iar from Bush’s TRM Model. If the charged product nucleus is given
kinetic energy, and/or if electrons present are given some of the excess
energy, x-rays should be produced due to the deceleration of the
charges. Data points were the result of summing the results of a large
number of energy channels.

Characteristic x-ray lines were observed:

Fig. 2 and Fig. 3 show apparent characteristic x-ray lines associ-
ated with platinum: Since the anode is of Pt, and part of this plates onto
the cathode during electrolysis, this should not be surprising. Fig. 2
shows a characteristic Pt x-ray line centered at about channel 316
corresponding closely to the known energy of 75.6 keV. [Correspon-
dence of the energies and channels was established via a calibration
curve employing characteristic lines for such sources as Cs137 (32 keV
x-ray line) and Co57 (122keV line).] Fig. 3 shows an apparent doublet of
Pt x-ray lines centered at approximately the channels 272 and 280,
corresponding, respectively, to the known Pt x-ray line energies of 65.1
keV and 66.8 keV. In all three cases note the reasonable Gaussian line
shape. Fig. 4 is quite interesting: Apparent characteristic palladium x-
ray lines centered at approximately channels 90,100, and 105 corre-
sponding, respectively, to the known energies of about 21.1 keV, 23.8
keV, and 24.3 keV. Characteristic lines identified as those of silver are
shown centered at channels 93, 107, and 109, corresponding, respec-
tively, to the known Ag lines of 22.1 keV, 25.0 keV, and 25.5 keV. In
addition, other lines in Fig. 4 have been identified as being associated
with plausible typical impurities of Pd and Pt: A ruthenium peak is seen
centered at about channel 82 corresponding to the known energy of



about 19.2 keV, and a rhodium peak is centered at about channel 87
corresponding to the known energy of about 20.1 keV. Apparently,
then, the excess heat effect can be employed in conjunction with an x-
ray counter and multi-channel analyzer to determine the presence of
major metal impurities. Also, the presence of the x-rays (keV range)
provides evidence of nuclear processes. With regard to x-rays poten-
tially associated with energetic electrons, two possibilities suggest
themselves: These electrons may result from internal conversion. Also,
perhaps these are the electrons effecting the nuclear reaction via
shielding, as in the case of the a “s-electrons” suggested by Bush?2.

After cell 58 was turned off, the x-ray counting rate
initially decreased several percent for about a day and then
spiked up in the time of about a day to a peak about 12%
higher than when the cell was operating. The counting rate
then decayed exponentially over a period of about nine days
to the apparent background level later established by remov-
ing the cathode from the cell.

This behavior is seen from Fig. 5 and apparently is a different x-
ray emission effect in that it is associated with the desorption of the
deuterons from the cathode.

Based upon the finding of x-rays with a switched-off
cell, Bush realized the possibility of looking for tempera-
ture-dependent x-ray emission peaks (sum of counts from
large number of different channels) associated with the
thermal desorption of deuterons.

Fig. 6 shows that the first attempt at this was reasonably success-
ful. The solid curve is based upon Bush’s TRM Model. The latter predicts
this temperature dependence in the same manner that it predicts the
temperature dependence for neutron emission in the case of the ther-
mal desorption of deuterons; e.g. recall the well known -30 C line estab-
lished for neutron emission. Thus, with an electrolytic cell in which
the cell, and thus cathode, can be heated by heating the bath, x-ray, and
probably neutron, temperature-dependent studies can be conducted by
simply switching off the current as an alternative to more “conven-
tional” calorimetric experiments. With reference to Fig. 6, it is abso-
lutely mind-boggling that minor temperature changes of the cathode,
e.g. going from 32C to 23.4C in this case, can result in a major increase
in the real x-ray intensity.

Add: 4.4 Hes.
Subtr Backgnd: 17Hr
(/29/92)

18.5V/1.37A/25.3W
1. =15.2W eve Exc. Power

Caise 1,192 Caunts (4,0008ec)

1.0 H Yoy

-~

0.04

0.6

i i
0.0 ¢ purscv-OWII62
T T T T T 2800 T T LTI T
so0 1060 1100 1200 o Tl Tl Thle Tl
Currert [mA} Crmnred Number

Figure 1. Excess Powsr 7 X-Ray Count vy Currentt Figure 2. Net Counts vs. Channael Number.

1(X-Rey Coure for 1,0008ec X 4X0.0033)-2.9333)
1

Excese Power (W) (apen apquare)

320



413

2600
Cell 58

i
—{ Pt 65.1KeV-Ch.#272.6 2
66.8KeV~Ch.#279.6 7

2400 — Coil 58 ™
Pd: 21.1KeV~Ch.490
23.8KeV~Cha101 ™ 5
- 24.3KeV-Ch.8108 * ki
Ag22.1KeV~Orito4 L e ?\t
25.0KeV~OW105.9 %! Y
o 2200 25.5Kev~Cr#108 pdi ) i "
§ - Re19.25keV-ChH82 gn l i s 3
s Rh20.1KeV-Ch#856 & J:ii 4 5 ﬂ‘ ;; ’\
§ 7 8 PHUES VI A
= 5 i N i EN
2 2000 x
1800 ! T T 1 I 1 I I
2650 ' z;o z;o ! 290 o 90 100 |'ao 1
Crannd Numbe Channel Number
figure 3. X-Ray Count vs. Channel Number Figure 4. X-Ray Count vs. Chonnel Number
120000 9
sy Curem Tumed O col 53 234
- 7/4/92 (1:15 p.m/PST) . # s7.3¢ s Thincrgucal
» 94
:i Y
110000 — iR 4 J
i ‘ o 924 b 1
. ‘ L F o —
'S J1 X %
; 100000 — =3 y P
x $ g {8 /
~ ;\ E %
\f by § 5\ /
90000 =4 % o i i\ 2
- ? e | :
i FH, T
[ Background Mbasired with 2 ound Messured with Cathode Removed
. 84 2 4 v
WO T T T T T T T T 7T 0 LI S foe s ' ide
2 4 J;’ - w0 12 14 T swre (C)
Figure 5. X-Ray Decay After Cell Tumed Dff Figure 6. X-Ray Count: Thermal Desarption of Deuterons

4. Experiments with a Light Water Cell (Cell 62):

Cell 62 was a light water based 0.57M LiOH cell with the inside out
anode-cathode configuration described in Part I3 with the thin annulus
(approx. 1 mm) of the cathode composed of sponge nickel (nickel
fibrex).

Fig. 7 and Fig. 8, respectively, show a qualitative correlation
between excess power and x-ray emission over a period of days at rela-
tively low excess power. Apparent discrepancies in that correspon-
dence can be accounted for by the x-ray emission effect associated with
hydrogen desorption when the current (applied power) is very low, or
off. Fig. 9 has the excess power and x-ray count data points included on
the same plot. For this higher excess power range one again sees a
qualitative correlation between excess power and x-ray emission, but in
a higher excess power range. Finally, Fig. 10 exhibits the roughly
linear relation between real x-ray count (actual count minus back-
ground) and excess power for this light water cell. (In cases where two
real x-ray counts were the same, the excess powers were averaged to
establish the point.)
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5. Conclusions:

In the case of heavy water cells with palladium cathodes it might
be supposed that microcracking of the palladium results in high elec-
tric fields, with the resulting accelerated charged particles yielding x-
rays upon deceleration. However, this argument could hardly be ap-
plied to the light water case, since the nickel cathode is presumably
undergoing no microcracking. Applying Occam's razor suggests, then,
that x-rays in the Pd case do not arise from microcracking. We conclude
from these studies that x-rays have been systematically observed and
studied, perhaps for the first time, for both the heavy - and light water
cases and correlated with excess power. These studies strengthen the
argument that the light water and heavy water excess heat effects are,
indeed, nuclear effects. Coupled with the evidence adduced in Part 13
we conclude that they also strengthen the case for Bush’s hypothesis2
of “cold fusion” as “alkali-hydrogen fusion” in a metal lattice, or as CAF
(“Cold Alkali Fusion”) (Suggested to Bush by Drexler9.).
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Implications of Isoperibolic Electrode Calorimetry
for Cold Fusion : The Silica Effect

Ernest E. CRIDDLE

Electrochemical Science & Technology Centre
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Ottawa, Ontario, Canada K1N 6N5

ABSTRACT

Isoperibolic electrode calorimetry has demonstrated that four times
as much heat is generated at the anode than at the cathode in D,0.
Experiments recognized that silica affected some results. Experiments
in K,CO, reported here identify silica as both a contributor to excess heat
generation and as a factor in modifying the cell calibration constant.
Implications for cold fusion will be discussed.

1. Introduction

An early attempt at the University of Ottawa (1) to replicate the
work of Fleischmann and Pons (5) failed to produce excess heat.
Analyses later found silica in the lithium metal and on both the palladium
cathode and platinum anode along with traces of base metals.

Isoperibolic calorimetry (6) describes how heat, generatedin a cell,
establishes a temperature difference between that cell and its
surroundings. Recent work (4) has described how each electrode in this
cell may be potted separately with one side exposed to the electrolyte
while the other contacts a thermocouple well which is potted in resin.
Each half cell can then be treated as a separate isoperibolic electrode
calorimeter. However, excess heat was not observed in LiOD.

Therefore, the work was shifted to ordinary water (9,10) where
replication of excess heat seemed to be more easily accomplished.
However, excess heat was not observed until contaminant silica was
added as will be described.

FRONTIERS OF COLD FUSION
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2. Methods

The cell and blank for 0.57M K,CO, in H,0 were 75ml unsilvered
dewars. The cathode of 38x40x0.03mm (30cm?) Ni foil was spot
welded to 2mm Ni rod and wound as a 5mm pitch spiral with about 1.3
turns. The 10x25mm Pt anode was spot welded to 0.5mm Pt wire.
Both Ni and Pt were sheathed above the electrolyte. A 10Q resistor
served as calibration heater immersed in oil in a 5mm OD tube. Separate
power supplies provided cell and heater current. The temperatures (of
the cells and the bath), voltages and currents were monitored with an
Acurex Autograph 800 data logger.

Well aged Ni was prepared for use by smoothing with a wooden
dowel, rubbing with fine steel wool, degreasing in alcoholic KOH and
coating with silica. Alternatively, it was polished with Tripoli, green
rouge and blue rouge before degreasing and coating with 5mg silica.

Ottawa lab distilled water contains only 0.02ppm SiO,; our K,CO,
contained 16ppm SiO,. Fresh 0.57M K,CO, contained 70ppm. Our best
heating so far has been observed in 0.57M K,CO,; to which 100ppm
SiO, and 10ppm FeCl; were added (Fe first, SiO, next, age, and add
K,CO,). Following use, this solution was found to contain 100ppm SiO,.

3. Results

Electrode heating vs input watts is plotted in Fig. 1 as reported
elsewhere (4). The lower X-axis reflects the voltages of D, and O,
evolution against Hg/HgO reference electrodes. These voltages project
(at zero current) to zero watts on the upper x-axis. The cathodic
evolution of D, from Pd slopes up to the left (at negative watts) while
the anodic evolution of O, from Pt slopes up to the right. Fresh metals
exhibited the greatest heat per watt. On aged metals, oxygen evolution
yielded four times as much heat as hydrogen evolution.

Freshly prepared 0.3N LiOD provided different results. First,
stirring was found to reduce cell heating per watt input. Second, both
reference electrodes developed bubbles in their capillaries which
interfered with their accuracy; bubbles became more numerous as the
run progressed. When dismantled, both reference electrodes had white
scale at the top of their electrolyte; the scale did not dissolve in acid and
was probably silica. No bursts of heat were observed.

In K,CO, electrolyte, cell and calibration heating were equal at
first. Heating developed after 100ppm silica was added to the
electrolyte. The highest heats seen in Fig. 2 were produced in K,CO,
with SiO, and FeCl, present. The sharp rise after the 24 hour calibration
occurred when the aged Ni cathode was replaced with a freshly polished
and silica coated Ni. The isothermal calibration points required about
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two hours each with cell power turned off while resistive heating was
fine tuned to hold the cell temperature constant.

Similar results were observed in Na,CO, with SiO, and FeCl,
contrary to the theory of Mills (9).

4. Discussion

Silica, found in chemicals and some lab distilled waters, dissolves
from Pyrex at 5mg/cm?/hr in alkaline solution. Its chemistry is complex
(3,7). Various sizes and shapes of particles may exist as stable colloids.
These deposit as a monolayer especially on grease free metal oxides;
thereafter, VanDerWaals forces repel other colloidal particles. In a cold
fusion cell, electrophoretic forces carry silica to the anode while tri and
tetravalent metal ions with a silica sheath move to the cathode. There
they cannot stick but form gels which may thicken the solution or adhere
to the cell walls depending on their size, shape, porosity and
thermophoretic forces. Aging could lead to changes.

Thus, in aged LiOD the calorimeters performed well. In fresh
LiOD, silica gel trapped evolving gases which escaped into Luggin
capillaries carrying some gel with them. Silica in K,CO, solution, and
coated on both Ni and Pt, enhanced the observations of excess heat.
This may be true on Pd as well.

Lithium silicate gels at 80°C and dissolves when cooled; this
contrasts to sodium and potassium silicates which gel when cold. Thus,
operation with warm lithium deuterate could produce a gel and lead to
heat retention and bumping.

It is possible that phase shifts in silica deposits could produce
fusion products not unlike those observed in Pd-D and Ti-D systems
(2,8) or as trace contaminants from fumaroles and volcanoes (11,12).
Indeed, volcanoes may be produced when silicate rocks undergo phase
changes and exhibit related phenomena.

5. Conclusions

It is concluded that four times more heat is generated during the
evolution of oxygen from Pt than from the evolution of deuterium from
Pd. Silica interfered with some observations and must be controlled
before results are certain.

The presence of silica in 0.5M K,CO, and Na,CO, enhanced the
observations of excess heat on Ni. A deliberate coating of silica on the
anode and cathode also proved beneficial. This silica was also
associated with changes in cell calibration constant.

It is concluded further that heating in our cells varied with the
condition of silica coating the cathode, with stirring rate and with the
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amount of silica that coated the cell walls. While phase changes are
anticipated in silica involved in this system, and while such changes may
give rise to excess heat and to some nuclear products, it was not
determined whether significant heating occurred on anodes, cathodes,
cell walls or in solution. Further work is required.
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Excess Heat Production in Electrolysis of
Potassium Carbonate Solution with Nickel
Electrodes

Reiko NOTOYA and Michio ENYO
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JAPAN

ABSTRACT

With the aim of realizing the potassium-proton
cold fusion, the electrolysis of light water solution
of potassium carbonate was carried out by means of
porous nickel cathode. The cell was cooled by a con
stant rate air stream and maintained at 20°C during
all the electrolysis. Typical results indicated that
the excess heat production rate was proportional to
the input power in the range of measurements(up to 2W)
and the excess heat observed was 3 to 4 times greater
than the input power, after corrected for the thermo-
neutral potential.

After the electrolysis, the calcium ion concen-
tration in the electrolytes was measured by flame
photospectrometry and the increases of calcium concen-
tration in the electrolytes due to the electrolysis
were found to be 3.2 to 4.4 ppm. These amounts are
comparable to the amounts of the excess heat calcurat-
ed within the same order of magunitued.

1. Introduction

It was a shocking news that nuclear reactions of
deuterium occurred on paradium cathode at room temper-
ature®. The study of "cold fusion” has burst into
flame throughout the world. Moreover, the novel type
of the cold fusion in light water was suggested by
Mills et alz, last year. The majority of scientists
still are doubtful about them, because of little
reproducibility and consistence among the amounts of
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their products, heat emission and radiation. However,
these systems are essentially the most popular ones
for hydrogen evolutign reaction. Matsuda’'s group had
shown in their works®” that several active metals for
hydrogen evolution reaction, for example, nickel,
formed considerable amounts of the alkali metallic
intermediates during electgolysis of alkaline solu-
tions. On the basis of them*®, the nuclear reaction of
potassium was sufficiently likely and therefore war-
ranting further investigation. The aim of this work
was to obtain the unequivocal evidence of this nuclear
reaction.

2. Experimentals

An electrolytic cell made of Pyrex glass was used
for the experiment and equipped with 3 electrodes,
these being, a 1 x 0.5 x 0.1 cm sintered nickel test-
electrode, platinum counter and platinum reference
electrodes. A 20 milli-liter light water’s solution
of potassium carbonate with a concentration of 0.5 mol
per liter was used as the electrolyte, and stirred by
bubbling hydrogen gas, with gas stream rate of 1.5
ml/min during the electrolysis. The nickel electrode
was cathodically polarized by a stationary constant
current from 0.01 to 0.70 ampere and the temperature
of the electrolyte was measured. A standard nichrome
heating wire with a resistance of 15 ohm was put in
the cell for comparison. The electrolysis was carried
out using the twin celles simultaneously, in order to
confirm that the heat discharged was only by electrol-
ysis. The twin cells were placed a thermostat chamber
of the temperature held at 20.00 $0.01°C during the
electrolysis by air convection.

3. Results and Discussion

Figure 1 shows the typical relationship between
the: input power, Wy put’ given by electrolysis and the
increase of electro?yte temperature, T. The input
powver, winput is given by the following equation:

W = I(E - 1.482 V), (1)

input
where I and E denote the current and the potential
difference between the test electrode and the counter
electrode. The 1.482 V valug is due to the enthalpy
change for HZO +H2 + (1/2)02 Figure 1 shows the
electrolyte temperature increase for the standard
resister(2) and that for electrolysis. It was found
that the electrolyte temperature increased up to
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54.2°C from the initial temperature of 20°C with the
input power of 2.70 joule/sec and this temperature rise
was proportional to the input power winput’ within the
input power range of 0 to 2.7 joule/sec. The figure
shows a linear relationship between the temperature
increase and the input power W; put with a corelation
coefficient of more than 0.999 for both lines. The
line gradient for the cell is remarkably greater than
that for the standard resister.

o
T

% i 2 3

wlnpu[, J /S

Figure 1. a. Relationship between temperature
increase of electrolyte and input power winpu

in the cell-(1) and as compared with the stan&ard
resister-(2).
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The difference in the value of input power winput
between two lines at a given temperature, shown in
this figure, can be defined as the excess heat.

Figure 2 shows the relationship between the excess
heat 4w utput and the input power Win o] observed'in
the cel?. The excess heats determlneg rom ten time-

repeated experiments were found to be from 2.7 to 3.4
times more than W;

input*
4 x
3_
<
-
£2f
5
z
| -
! —L
oO ' | 2
winpun J/S

Figure 2. Amount of excess heat Awout evolved
5 p . < put

during the electrolysis with input power winput

in 0.5 M KoCOj.

The calcium ion concentration in the electrolyte
was measured by flame photospectrometry with an
accuracy of £0.02 ppm. In the same solution of 0.5
mol per liter potassium carbonate as the electrolyte,
calcium ion was not detected, before use. In order
to determine the background value, the calcium ion
concentration in the solution of 20ml was poured into
the electrolytic cell vessel equipped with the three
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electrodes and the standard heater and put at 20°C
without electrolysis, during the electrolysis of the
working cell, which was made exactly the same as the

former. The calibration line of the intensity of the
spectrum for calcium plotted against it’s concentra-
tion is shown in Figure 3. On the basis of this

line, the calcium concentrations in the three samples
of electrolyte after different conditions of electrol-
ysis were found to be 24.7, 25.1 and 26.2 ppm when the
background values, to be 21.5, 21.5 and 22.0. The
increases of calcium concentration in the samples of
electrolyte due to the electrolysis were determined to
be 3.2, 3.6 and 4.2 ppm by use of these data. These
increases of calcium concentration in the electrolytes
are comparable to the total amounts of excess heats
evolving in these electrolytes, within the same order
of magunitued.

100~
e
2 5ol
2
c
-4

| [
% 10 20

[ca®*], ppm

Figure 3. Intensities of flame photospectra of
calcium with concentrations of calcium ion in the
electrolytes after electrolysis{(e) and in electro-
lytes put in cell without electrolysis(x).

A line shown in this figure is the caribration
line for the calcium ion concentration.
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Bush et al? proposed the possibility of nuclear
reactions between potassium and proton as follows,

883k + 1o = 38ca + 8.33 Mev (2)
and
4k + lu = 4%ca + 10.3 Mev (3)

From the present work, it is not clear which of the 2
reactions, (2) or (3), was predominant in this system.
A further investigation is being conducted at present
to verify this.

4, List of Symbols

input = Input power, joule/sec

Current, amp

Potential difference, volt
Temperature, °C

t @ Excess Heat, Jjoule/sec

"nnns

B amH=

woutpu
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Excess Heat Produced during Electrolysis of H20
on Ni, Au, Ag and Sn Electrodes in Alkaline Media
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ABSTRACT

Excess heat evolution was measured on Ni, Au, Ag
and Sn in aqueous Kg2CO3, NagCO3, NagSO4 and LigSO4
solutions under galvanostatic electrolysis conditions.
Steady evolution of excess heat in various
electrode/electrolyte systems, but not in Ni/NagCO3,
Ni/Na2S804 and Ni/Li2SO4, was observed for at least
several days of observation. The largest excess heat
observed was 907 mW on Sn in K2S04.

Introduction

Mills and Kneizys reported a production of 130 mW
excess heat in Ni/KgCO3-H20 system ([1]. Later, Bush
reported 310 - 580 mW in the same system and claimed the
detection of Ca of the amount that may correspond to the
amount of excess energy [2]. The present study is aimed
at the reproduction of their results on Ni, and further
to investigate similar possibilities on several other
metal electrodes. The reasoning of this extension is
that the underpotential deposition (upd) of alkali
metals is known to occur under high cathodic polariza-
tion [31].

Experimental

The electrolytic cell used was a 300 ml Pyrex glass
vessel with a 5 cm thick silicon rubber stopper equipped
with the test electrode, counter and reference elec-
trodes, a thermocouple, inlet and outlet glass tubes for
Ho gas and a heater. The cell was placed in an air
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thermostat maintained at 25+ 1 C. The test electrodes
used were plates of various metals ( Ni, Au, Ag, Sn,
etc). Surface of these electrodes was abraded with
emery papers and then rinsed with ethyl alcohol and
Milli-Q water in a ultrasonic bath. The counter elec-
trode was a platinum net. The reference electrode was
of a rhodium wire. The heater used for the cell con-
stant measurement is a nichrome wire (1.6Q) covered
with a teflon tube (2 mm diam.).

The cell constant was measured by applying a cur-

rent to the heater using 100 ml 0.5 M K2CO3 solution
under stirring with a flow of Hgy gas (several ml per
min.). The electrolyte solution was 100 ml of 0.5 M
aqueous K2CO3, NagCO3 and LigSO4.
The electrolysis was conducted galvanostatically usually
for 20 hours by passing a constant current of 1.0 A and
the variations of input potential and the temperature
rise were monitored by a pen recorder.

Results and Discussion

Figure 1 shows typical variations of the solution
temperature with polarization time obtained on a Ni

electrode in K2CO03 and NaCO3 solutions. The time
variations of input potential are also shown in this
figure. It can be seen from this figure° that the in-
crease in temperature in K2CO3 is 1 - 1.3 C larger than
in NagCO3 in spite of the fact that the levels of 1input
=5
=
2
12 — 3 Jq
S e R
4
(&) ———
< <
5 o8r 43 w
4r H2
1
(o] 3 6
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Fig.1 Variations of input potential and solution

temperature with polarization time.
{(1),(4) in 0.5M NaCO3, (2),(3) in 0.5 M
K2C03 3
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power are in the opposite order. The difference was
essentially unchanged during the polarization over
several days. This result indicates that a noticeable

amount of excess heat is produced in Ni/K2CO3 system.

The rate of excess heat evolution Rgyx was deter-
mined quantitatively from the shift of solution tempera-
ture AT and the applied electrolysis power Rapp in the
following way. The energy balance equation for the cell
in a steady-state is

Rex = Rpx + Rp, - Rapp (1)

where Ryyx is the rate of heat removed by the endothermic
reaction HpO>Hg + 1/202, which is equal to the product
of the thermoneutral potential (1.48 V for H20) and the
polarization current I, and R[, is the thermal loss rate.
The latter, when a steady-state is reached, is given by

R, = AT/k (2)

from Egqns.(1) and (2) and using Rapp = EI where E is the
total cell voltage, we have

Rex = AT/k - (E - 1.48)I (3)

A preliminary heat measurement was first performed
in the electrolysis on Au in 1M H2SO4 solution to check
the precision of our method. Practically no excess heat
was obtained in this system during 20 hours of observa-
tion. On the other hand, significant magnitudes of
excess heat were observed on Ni, Au, Ag and Sn in K2COg3,
NaoCO3, NagSO4 and LigSO4 solutions, except for
Ni/NagCO3, Ni/NagS04 and Ni/Li2SO4, as listed in Table 1
together with the data of cell potential and solution

temperature shift. The excess heat evolution was
almost steady, but a slight tendency to increase on
prolonged time of polarization was noted. The largest

excess heat evolution was observed on Sn electrode; the
value reached after 65 hours of polarization was 907 mW,

as compared with the input power of (4.95 - 1.48) X 1
= 3.47 W, The magnitude of the excess heat evolution
increases in the order Ag < Ni < Au < Sn. It was note-

worthy that the excess heat was noticeable also 1in
NagCO3 and Li2SO4 for Au, Ag and Sn.

The total summed-up amount of the excess energy
evolved during the electrolysis is too large to be
regarded as the heat of any chemical reaction. For
instance, the total excees heat evolved in the electro-
lysis on the Sn electrode for 65 hours of polarization
was evaluated to be 176 kJ. Even if one supposes that
all the amount of Sn (1 g ) of the electrode was reacted



with certain species in the system (which is not the
case), the heat produced would at most be 9.3 kJ (for
Sn(OH}4) which is too small an amount to account for the
excess heat observed.

Table 1 Rate of excess heat evolution on various
metal electrcdes

electrode solution E AT Rex
(V) (°C) (mW)

Ni K2CO3 4.12 0.75 208
Ni K5COjy 3.88 1.26 387
Ni NapCO3 3.94 0.02 6
Ni Na2504 4.17 0.01 0
Ni Li>S04 4.50  0.01 0
Au K2CO3 4.34 LT 524
Au Na2C03 4.85 1.83 565
Au Li5S03 4.60 1.64 503
Ag K,CO3 4.12  1.07 328
Ag Li S0y 5.10  0.31 95
Sn K2CO3 5.04 2.31 708
Sn* K5CO3 4.95  2.96 907
Sn . NaCOj3 5.07 0.73 224

* electrolyzed for 65 hours,

The excess heat evolution observed in many systems
other than Ni/NapCO3, Ni/NaSO4 and Ni/LipSO4 may
suggest the following nuclear reactions.

19K39 + 1Pl —350cat0 + 8.3 Mev (1)
11Na23 + ;pl_5 ;,Mg24 + 11 Mev (11)
3Li6 + Pl — oHe? + He3 + 2.3 Mev (I1I)
The excess heat evolution on Ni was observed only in
K2COg3. On Ag and Sn, it was larger in K2CO3 than in
NagCO3 or LigSO4 solutions. On Au, no large difference
was observed between these electrolytes. These results
may suggest that all the reactions (I}, (II) and (III)

occur in general, but the degree of the progress of each
reaction depends on the nature of the electrode materi-
al, surface and bulk conditions of the electrode, ad-
sorbed or upd species, etc.

1. Mills, R. L. and Kneizys, S. P., 1991, Fusion
Technology, 20, 65.

2. Bush, R. T., 1992, Fusion Technology, 22, 301.

3. Ohmori, T. and Enyo, M., 1992, Electrochimica

Acta, 37, 2021.
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Measurement of 2.5 MeV Neutron Emission from
Ti/D and Pd/D Systems

M. AGNELLO, E. BOTTA, T. BRESSANI, D. CALVO, A. FELICIELLO, P.

GIANOTTI, F. IAZZI, C. LAMBERTI, B. MINETTI and A. ZECCHINA

ABSTRACT

A new set of measurements of neutron emission from gas (D2 and H2)
loaded Ti and Pd systems has been carried out in the TOFUS experiment. The
temperature and pressure controls of the gas loading apparatus were improved. The
results concerning the Ti/D system show the presence of a small 2.5 MeV neutron
emission, with a signal having a statistical significance of ~ 55. The results on the
Pd/D system doesn't show a statistically significant signal (less ~ 20).

1. |ntroduction

Since the start of the debate about the occurrence of D-D fusion phenomena
in the lattice of some metals like Pd and Ti, the detection of neutrons, in particular
2.5 MeV neutrons, has been considered as the most reliable signature of the effect.
In order to clarify this point, a sophisticated neutron detector was designed and
built for the TOFUS experiment and in a first set of measurements we observed a
small amount of neutron emission following the loading of Ti shavings with gaseous
D2 [4 ], with a statistical significance of ~ 2.5 . After a number of improvements
on the heating system of the apparatus a second set of measurements has been
performed with a better control of the pressure and temperature of both the metal
and the gas [1].

The results shown here concern the Ti/D and Pd/D systems: blank
measurement on the Ti/H and Pd/H systems have been performed too, in the same
way as those ones with D, in order to avoid possible variations of the performances
of the scintillators and detector electronics due to the heating cycles.

2. Experimental set-up and description of the thermal cycles

Concerning the neutron detector, it has been already described in previous
papers [1, 2, 3] and we just recall here the performances: the neutrons are
detected by two blocks of plastic scintillators NE110 in coincidence (double
scattering technique) and their energy is determined using a reconstruction method

FRONTIERS OF COLD FUSION
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based on the measurement of the neutron Time of Flight (TOF) and of the impact
position onto the scintillators.

A cylindrical cell is located in front of the first block and contains the
metal: it can be loaded with gaseous D2 or H2 and degassed up to a vacuum of 10-11
bar. Two K-type thermocouples, the first one embebbed in the metal and the second
one lying in the upper internal part of the cell, allow to monitor simultaneously
the temperature of the metal and of the surrounding gas. The pressure of the gas is
monitored too, by means of a piezoresistive pressure gauge located in the upper
part of the cell.

For the Ti measurements, 20 g of high purity Ti sponge supplied by
GINATTA TORINO TITANIUM SpA, were used. The operating thermal conditions of the
Ti/gas system were chosen with the aim of exploring the dependence of the neutron
emission, if any, upon the thermodynamic conditions. After the degasing step, a
known amount of D2 was dosed at room temperature. The Ti/D system was
submitted to a number of thermal cycles consisting of a heating step from room
temperature (~ 25°C) up to 540 °C at least (called run UP) followed by a cooling
step to the room temperature (called run DOWN). During these cycles the gas
flowed out and in the metal, as monitored by the increase and decrease of the
pressure respectively and phase transitions occur in both UP and DOWN runs.
During these repeated cycles, the morphology of the Ti gradually changes from
sponge to a powder. This is due to the large strains associated with the hydride
formation and phase transformations which cause the formation of internal cracks
and fractures and ultimately lead to the crystals fragmentation.

The cycles were performed at two atomic ratios, 0.7 (~ 20% of the total
data taking) and 1.8, i.e. near the saturation (~ 80% of the total data taking). For
the higher loading runs the cycles in the Ti deuteride phase diagram were such that
only the & phase was concerned and therefore no phase transition was observed.

The duration of a run UP was ~ 100 minutes and the total number of runs
UP was 12; an equal number of runs DOWN was performed, each one of ~ 250
minutes, followed by several hours (~ 13) at steady temperature for a total time
of 13933 minutes. Also, 4 runs UP and 4 runs DOWN with Hydrogen gas (blank
runs) having the same duration of those ones with Deuterium, were performed for
a total time of 4631 minutes.

For the Pd measurements we used 54 g of metallic Pd in form of small
cylinders, of diameter 1 mm and length ~ 2 mm. The operating thermal conditions
were: 6 cycles UP from 20 °C to 350 °C and 6 cycles DOWN from 350 °C to 20 °C
through o and B phases, for a total time of 2820 minutes with D2 and the same
with H2; the atomic ratio was ~ 0.7. At the end of the experiment the small
cylinders of Pd resulted to be transformed into small spheres due to the lattice
strain release during the a—B phase transition producing the formation of internal
cracks and dislocations.

If an emission of 2.5 MeV neutrons from the cell occurs, one expects that,
by subtracting the spectra observed during the blank runs from those ones
observed during the runs with D (all properly normalized in time) some excess
should appear in the energy region around 2.5 MeV: in fact, looking at the Fig 1,
where such a subtraction is reported, one sees that the energy channel between 2
and 3 MeV contains an excess of ~ 377 counts with a significance of about 3.9
standard deviation. Another way of searching for neutron excesses is that of
subtracting from each run with D2 filling the total spectrum obtained with H2
filling, properly normalized in time. The counts in each channel were then obtained
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as the weighted mean of the values obtained for each D2 run and the error was
calculated as the standard deviation. The result is shown by Fig.2 and no
substantial difference is apparent between the two methods, apart the reduction of

500

400
300

salaaaalbas s

N

o

o
!

Counts/MeY
o
o
1

o

241 ﬁﬁﬁ;%

=200 - T T T T T T T T T

o 1 2 3 4 5 6 7 8 9 10
Energy [MeV]
Fig.1 Difference between the neutron emission spectra observed in
Ti/D and Ti/H systems: the error bars refer to the statistical
error only and must be intended plus and minus.
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the errors. The channel between 2 MeV and 3 MeV is again the most populated, at a
5.4c level. As a further confirmation that the signal in this channel is not due to
the subtraction method, such a procedure has been applied also to two halves of the
total background measurements chosen at random obtaining a statistical fluctuation
consistent with zero. An estimate of the neutron production per unit mass and time
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Fig.2 Spectrum of neutrons emitted from the Ti/D system (single
runs analysis, as described in the text).

was made assuming that the neutron production rate was independent from time: on
this basis a result of 0.11+0.03 neutrons g-1 s-1 has been obtained.
As a final remark we point out the total absence of neutron bursts in our



436

measurements, never detected at the trigger level nor by the fast counters.
Concerning the measurements on the Pd/gas system, the total time for the
data acquisition was considerably lower for both D2 and Hp2, with respect to the Ti:

,ﬁﬁﬁfﬁﬁg%T

-90 T T T T T T T

T T
1 2 3 4 5 6 7 8 9 10
Energy [MeV]
Fig.3 Difference between the neutron emission spectra observed in
Pd/D and Pd/H systems: error bars as in Fig.1.
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this was due to the decision of stopping the cycles when the Pd metal morphology
showed to be highly modified with respect to the initial situation.

The same analysis applied to the Ti data was applied to the Pd runs and the
result is shown by Fig.3: also in this case a small signal of ~ 70 events appears in
the channel between 2 and 3 MeV, with the typical smearing on the nearest
channels, but the statistical significance is small, less than 2 standard deviations.
The neutron emission rate would be 0.02+0.01 neutrons g‘15'1. Of course no
burst has been counted.

3. Conclusions

In conclusion, we have confirmed with a greater statistical significance
(50), the emission of 2.5 MeV neutrons from a Ti/D system submitted to
thermodynamic cycles. No such a significant neutron emission was observed for the
Pd/D system, again submitted to thermodynamic cycles corresponding to a crossing
between the a and B phases. However, the neutron rate observed in this experiment
is one order of magnitude lower than that observed in a previous experiment. We
attribute this difference to the different nature of Ti metal used in the two
experiments and we plan to repeat with the improved cell and with a further
improvement in the neutron detector the measurement with the Ti shavings.

4. Beferences
1. M. Agnello et al., in "The Science of Cold Fusion", Conf. Proc. Vol. 33, SIF,

Bologna, 1991, p. 249.

2. G. Bonazzola et al., in "Understanding Cold Fusion Phenomena”, Conf. Proc.
Vol. 24, SIF, Bologna (1989) p. 313.

3. G. Bonazzola et al., NIM A299 (1990), 25.

4. T. Bressani et al., Conf. Pro¢. Vol. 33, SIF, Bologna, 1991, p. 105.
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Evidence for Stimulated Emission of Neutrons in
Deuterated Palladium

B. STELLA, M. CORRADI, F. FERRAROTTO, V. MILONE
INFN Roma and Dipart. di Fisica

Universita' "La Sapienza", P. A. Moro 2, 00185 Roma
F. CELANI, A. SPALLONE

INFN Frascati (Roma) - Italy

ABSTRACT

In order to study the effect of Palladium in cold
fusion, metallic deuterated Pd samples have been irradia-
ted with partly moderated Am/Be neutrons and the resul-
ting neutron intensity has been measured by the FERMI ap-
paratus, an efficient and sofisticated detector for mode-
rated neutrons.

Once subtracted the vessel + (empty) Pd effect measu-
red in "blank" runs, an excess of 13.0 £ 0.6 neutrons per
sec. (= 4 % of the total measured rate) has been detected.
Assuming 2.45 MeV energy for the neutrons emitted by the
radiated sample, the resulting rate corresponds to several
outgoing neutrons for every neutron impinging on the Pd-D
sample. Similar measurements with Cadmium absorber gave
lower effects. We don't observe any effect with gaseous
deuterium.

The underlying process can be interpreted as d-d fu-
sion in a Pd-D lattice perturbed by neutrons. The excess,
predominantly due to thermal incident neutrons, demonstra-
tes that the Palladium lattice strongly increases the pro-
bability for d-d fusion even almost at rest.

ion and methods

The main cognitive guestion concerning cold fusion is
if the d-d fusion probability (almost) at rest inside deu-
terated metals like palladium (Pd-D) is many orders of ma-
gnitude larger than in vacuum and in the deuterium molecu-
le. This is anyway not possible in Pd-D in a steady state,
because the equilibrium d-d distance is much larger there
than in the D; molecule.In fact all claimed evidences for
cold fusion are connected to non static situations.

The main question can be approached by firing low e-
nergy deuterons to a Pd-D sample and detecting fusion pro-
ducts coming out. The cluster impact fusion experiments at

FRONTIERS OF COLD FUSION
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Brookhaven [1] can be interpreted according to us (inter-
pretation not considered by the authors) as a possibly po-
sitive answer (yet not including Pd). Results of accelera-
ted single ions experiments have been reported at this
conference. This approach suffers from a few drawbacks:

1) The ions explore only the surface of the sample; 2)
fractal dimensions of the surface and field effects might
play a role; 3) the metal surface is very often dirthened
by different absorbed atoms; 4) the impinging energy
cannot be so small to exclude "hot" fusion.

Our solution has been to use neutrons in order to
perturb the equilibrium: the lower their energy the larger
the effect (by elastic scattering), reducing the doubts of
hot fusion. Moreover they explore the full volume of the
sample. We use a moderated neutron source: repeated mea-
surements with different moderators and absorbers can pro-
vide (by subtraction) the desired quasi-thermal projectile
neutrons.

o .

As samples we have used metallic Pd, one cilinder (8
mm diameter, 2.5 cm length) and two square section wires
(1.2 mm side,3.0 cm length). They have been loaded in a
stainless steel cell with 35 Atm. D; and low temperature
thermic cycles. The loading has been measured first by
pressure drop and then by mass, with a sensitivity of 10-4
g. We have found a D/Pd atomic ratio <x>=0.71 * .01 avera-
ged over the full volume.

An Am/Be source (2660 neutrons/sec) has been put in-
side a moderator-collimator (fig. 1) made of poliethylene
bulk and Cadmium walls. This "neutron gun" was designed by
full MC simulation in order to have the maximum intensity
of slow neutrons impinging on the target and the minimum
number hitting directly the detector. A removable Cd sheet
in front allows to change the spectral composition of the
neutrons. The resulting spectra of the projectile neutrons
in the two cases is shown in fig.2. The shaded area shows
that by subtraction of two measurements we can obtain a
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source enriched with thermal neutrons.
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As detector we have used FERMI apparatus, outlined in
the previous contribution: it provides neutron detection
with high efficiency for a broad range of energies, 0.5
MHz up to infinite time resolution for bursts, sofistica-
ted electronics and data acguisition, full Monte Carlo si-
mulation (experimentally tested), statistical energy de-
termination. The experiment is setup inside the under-
ground Gran Sasso laboratory, were the neutron background
is 10-3 times lower than in Rome.

The Pd samples were put inside a stainless steel cell
to be inserted in the detector (fig. 1) close to the neu-
tron source. A poliethylene collar 2 cm thick surrounded
the target cell. We have performed several blank measure-
ments: 1) with cell in air; 2) with 35 bar D; in the cell;
3)cell with Pd in air, together with the main case of Pd-D
in 35 bar D,;. Every measurement was repeated twice and
every case was measured with and without Cd sheet in front
of the source.

3. Results

The results are shown in table 1. The three columns
concern the series of measurements with different neutron
spectra: the third is the subtraction of the second from
the first, to single out the effect of predominantly ther-
mal neutrons.

Every column is a complete set of measurements, with
blanks and repeated runs to check systematic errors (we
find internal consistency of the data). The measurements
with gaseous (incoherent) D, give a negligible effect, as
expected by the simulation, which includes the neutron



440

Table 1 : rates in Hz for different experiments

Run_tvpe No_ Cadmium With Cadmium |Difference
Empty cell 298.54 = .45 288.43 = .46

Pd sample 296.51 * .39 286.60 £ .54 9.91 = .67
Pd-D +D32(35 bar)|309.54 = .44 293.42% & .54 J16.12 £ .70
(Pd-D +Dp) - Pd 13.108 &£ .59 6.82 * .76 6.21 £ .96
Emitted neutron

excess (MC eff.) 58.3 £ 2.6 30.5 £ 3.4 207 -8 £ 2.8
Incident

neutrons (MC) 11.3 == 4. 0@ 9.42 + .92 1.86 = .38
Excess/incident 5.16 £ .52 3.24 £ .48 14.9 £ 3.8

capture. After subtraction of the blank rates, we find an
excess in both series with 22 and 9 (6.5 for the differen-
ce) standard deviations significance respectively and cor-
responding to 2 - 5 % of the total measured rate.

Our statistical energy determination (by distribution
of counting rates of our 9 counters) has poor resolution
in this case, due to the subtraction of large numbers. We
then assume at present (we are working to improve the me-
thod) 2.45 MeV for the energy of the neutrons emitted by
the samples. The corresponding efficiency was 22.3 %. With
this number we determine the emitted rate of neutrons and
comparing it with the incident one, we conclude that seve-
ral neutrons have been emitted for every incident one. The
last number to the right shows that most of the effect is
due to thermal neutrons.

The results -can be explained only by the influence of
Pd lattice (since we don't find any effect with incoherent
D2) . Fission neutrons (we have to check if our samples co-
me from reactor) cannot likely account for the effect, be-
cause the measurement with Pd alone has been subtracted.
We have checked other systematic errors.

nclusion

We find an effect we attribute to multiple d-d fusion
in Pd-D stimulated (perturbed) by thermal neutrons. The
excess of several neutrons for every incident one implies
that the Pd-D lattice has a far larger probability per
unit time of emitting neutrons than the Dy molecule.

We are checking if the time distribution of the e-
vents 1s consistent with our interpretation.The experiment
is being repeated for confirmation.

References

1) Beuhler,R.J.;Friedlander,G.;Friedman,L.,1989,Phys. Rev,
Lett.,63,1292;
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“Cold" Fusion in a Complex Cathode

YOSHIAKI ARATA and YUE-CHANG ZHANG

Osaka University, 11-1 Mihogaoka Ibaraki, Osaka 567, Japan

ABSTRACT

A new cathode was developed, consisting of a nickel rod with a palladium
layer applied by plasma spraying, the palladium layer activates the surface functions
of the deuterated cathode. High reproducibility of a "cold” fusion reaction is
confirmed by using this cathode.

INTRODUCTION

The authors have had a concept that the existence of microdefects is a
necessary condition for cold fusion. A "complex cathode" with a sprayed layer of
palladium including suitable microdefects has been developed and employed in a
cold fusion experiment.!

Since the surface of the complex cathode has numerous microdefects such as
cracks, porosity,boundary layer defects, lattice defects, dislocations, uneven
surfaces, localized strain, etc compared with the surface of a cathode without a
sprayed palladium layer, the actual surface area of the complex cathode was
incommensurably larger than that of an ordinary palladium cathode. .
EXPERIMENT

The experimental arrangement consists of an electrosis cell, located in a
cooling water basin.2 Anode is a platinum tube, the cathode (see Fig. 1) consists of
a 20-mm-diam x 50-mm-high nickel rod coated with a 300 p m surface layer of

palladium, which was applied by plasma spraying in a low vacuum. |The
abbreviations Pd(Ni) used herein to represent this complex cathode.] Neutrons

were measured by using BF; and 3He detectors.
The N-pattemns actually measured with the BF, detector and mulitichannel

analyzer are the puls height spectra of reactions A and B, as shown in Fig. 2.
Through the wall effect in the detector with respect to reaction A, energy zone C is
also formed.

Morefover, Fig. 2 shows N-patterns of the 252Cf calibration neutron source

FRONTIERS OF COLD FUSION
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and the Pd(Ni) cathode itself. The occurrence or nonoccurrence of the cold fusion
reaction can be determined by using the 2>2Cf N-patterns as the basis for
comparison of the N-patterns of the cathode and of the background. To derive
quantitative values for these N-patterns, the zones$ labeled (a), (b), (c), (d), and (e)
in Fig. 2, each spanning 34 channels, were selected as regions of interest.

If the detector is not influenced by any disturbance (noise or background
radiation), then (c)=(d)=(e)=0. When there is a disturbance, however, then usually

(c)=(d=~(e)X0, and these values will increase in close proportion to the time elapsed.
Hence, to use N-pattern data to derive a quantitative value for the intensity of a
neutron flux radiated from any neutron source, it is necessary to consider the
background Y, arising from various sorts of disturbances, defined as
_©@©+@+(E
- 3
We have located reaction A, which is regarded as the key phenomenon for

demonstrating generation of neutron flux, in region of interest (a). Thatregion's
pulse count relates to the neutron flux valuation Yy, Yy=(a) - Y},

When Y= 0, there is no neutron flux, and when Y has significant value, generation
of a neutron flux is confirmed. When the experiment contineued the long period,Y,

is a key factor in demonstrating the existence of neutron flux generation as shown in
Fing. 3..

Three Pd (Ni) cathodes were deuterated in an electrolyte of heavy water with
0.07M LiOH, and one Pd(Ni) cathode was hydrogenerated in light water with the
same electrolyte content. Generation of neutrons from the deuterated cathodes was
continuously detected, indicating the occurrence of cold fusion. The neutron
measurement for the hydrogenerated cathode was virtually identical to the
background level, indicating there was no neutron generation from the
hydrogenerated cathode.

Figure 4 presents a comparison of the "N-patterns” (pulse-high spectra )
observed after 120 h from the background, a deuterated cathode, and the
hydrogenated cathode. To aid comparison, is also presents the N-pattern of a
deuterated cathode after 192 h next to that of a calibrated neutron 252Cf (2.6 10° 1/S)
after 30 min. of measurement. Figure 5, which is derived from observed N-patterns
such as those in Fig.4, shows that similar results were repeatedly observed in
several experiments on different dates. This is vital data, for it is the first reported
confirmation of the reproducibility of cold fusion.

Neutrons were measured simultaneously by identically collaborated *He and
BF; detectors, the measurements indicating that the deuterated cathodes are the

neutron sources.?
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o Background (July 17-26, 1990)
H,0 (0.07 M LiOH)
o Pd(Ni)-iV
{November 27- Z
r December 23, 1990)
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January 5, 1990) .
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S /
X af /( D,0 (0.07 M LiOH)
% A Pd(Ni)-II! (November
o) 16-26, 1990)
2,
Sy BF -1l
a Fig. 3. The Y, characteristics obtained by detectors BF;-1 and
_ a BF,-11. The detectors are identical models manufactured
1 Q/A to the same standards (Mitsubishi ND-8534-34-30; 25 x
Q/”A 348 mun; gas pressure 300 Torr; applied voltage 1.7 kV;
s, haif-handwidth 2.5 to 4%; necutron sensitivity 2.5 n/
b A
A cm?.s; amplification factor 15). They nevertheless have
different sensitivities, as indicated by the differing ¥,
measurements; hence, for comparative purposes, it is
necessary to usc data from only the same detector.
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Fig. §.

Comparison of Y, characteristics of the background, the
hydrogenated complex cathodes, and the deuterated com-
plex cathodes, obtained by detector BF;-I. Note that the
characteristics of the background and the hydrogenated
cathode are almost the same.

i el +
(o272 o O W s 1 Y

Fig. 4.

Comparison of N-patterns (pulse-height spectra) of the
background, the hydrogenated complex cathode, two deu-
terated complex cathodes, and a calibrated **2Cf neutron
source, obtained by detector BF;-1 (full scale: 64 counts).
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Neutron Measurements in a AC-Discharged Tube

W.X.Liang, D.M.Xu, G.Y.Zhang, Z.L.Yao, E.Y.Wang
Southwestern Institute of Physics
P.O.Box 432, Chengdu, Sichuan 610041 P.R.China

A schematic diagram of the device is shown in Fig.1l. Discharge is
produced by an AC voltage (300V-600V, 50Hz)applied between two Pd
Coaxial elecerodes in a glass tube filling deuterium gas with pressure in the
range of 0.1 to tens Torr. The neutron counts are recorded by two long
Counters Consisting of BFz Counter. One of the neutron detectors is close
to the glass tube and another is far away from glass tube for baokground
noutron level measurements. After 20 minutes discharge cleaning with 350V
AC at this time increasing the voltage to 500v, the neutron counts are
suddenly increased to the level higher than 4 times of the background.
Fiffteen minutes later increasing a little deuterium pressure again, the
neutron counts rise to a level of 10 times higher than the bacground (see
Fig.2).

D2 gas filling
\L Pd electrode

QNN

e
N

copper tube

\L ﬁf Y.L v P Py Py

vaccum pump resistor

Fig. 1 Digram of AC discharge device m
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Fig.2 Neutron count changing with experiment condition changing. At time tl starts gas
filling and AC voltage is 350V, at t2 voltage raises from 350V to 500V, at t3 gas
fills further, at t2 and t4 neutron counts increase suddenly, at t5 stops gas filling.

On the basis of traditional electrolysis proposed by Fleischmann and
Pons, a electrolyzer consisting of Pd cathod and Pt anode placing in a
solution of D2O and LiOD is placed in a pulsed magnetic field to observe
the effect of magnetic field upon the electrolysis. The width, peak hight
and period of pulsed magetic field are as follows: 50 microsecond, 7 Tesla
and 13 second respectively. One of above mentioned long counter is used to
measure the neutrons from the electrlyzer. The neutron measurement results
are indicated in Fig.3 from which one can see that the measured neutron
counts with and without pulsed magnetic field appear to be same.

n
o

Counts per 30 Min
S

o

1 1 1 1
L1"56_ 160 170 180 190 200
time, h

Fig.3 Neutron count changing with time. The arrow indicates the time applying pulsed
magnetic field. The straight line denotes average neutron background counts.
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Anomalous Effects in Deuterium/Metal Systems
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Abstract

Stable and high yield of neutron had been measured repeatedly in the glow
discharge process of the flowing rare deuterium gas in a Deuterium / Metal sys-
tem consisted of Pt, Nb, W, Cu, Mo, Ag or Fe with D respectively.

A layer of metal film which was deposited on the inner surface of glass re-
action bulb in the glow discharge process and insulated from electrodes played
key action on inducing anomalous effects repeatedly. Neutrons had been meas-
ured by activation detector ( "’In, Ir) and recoil proton neutron
spectrometer; there was a continued spectrum in the energy range from 0.5Mev
to 11Mev; The average neutron energy was 3.55Meyv; different heights of peak
appeared at (0.5-1.0)Mev, (3.0-3.5)Mev, (5.0-5.5Mev, (8.0-8.5)Mev
(9.0-9.5)Mev and (10.0—-10.5)Mev; but the neutrons of (2.0—2.5)Mev inter-
esting to people appeared in a valley of the energy spectrum and their yield was
only 7-8% of the total yield of neutrons. The highest yield of neutron appeared
in D/ Pt system, the lowest appearcd in D / Fe system, the highest average
yield of neutron was 8.3x 10°n/sin D/ Nb system (observed time 470min.),
the yield of neutron burst was (0 26—6.2) x 10°n / s(time interval 0.1s).

Intense gamma—ray emission had been detected at same time, the average
activity was 3.1 x 10*Bq (detected time 175min.). There was a contmued gamma
spectrum in the energy range from tens Kev to> 20Meyv, different heights of
peak appeared at tens Kev ( Point ), 3.4Mev (b) and $. RMQVEC) The
peaks of energy—>7Mev were not quite certam

The similar experiments were conducted many times with hydrogen or
helium gas instead of deuterium but no neutron over background was detected.

Keywords

Deuterium / Metal systems, neutron spectrum, gamma spectrum,
activation method, anomalous nuclear effect.

1. Introduction
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Since the announcement of cold fusion by Fleishmann and Pons[”, there
have been a lot of research works on D/ Pd or D/ Ti system in the world,
Eiichi Yamaguchi 2 had presented gigantic neutron bursts of (1-2) X 10°n/ s in
Mn—o/Pd: D/ Au system, but no average yield and spectrum of neutron.

As for the neutron emission in anomalous nuclear effects, there were only
yield of neutron burst and rough energy range but no stable neutron emission
and energy spectrum in past papers. The reasons were <1> rate of neutron
emission was low, <2> anomalous nuclear effects couldn’t be controlled and
repeated, so the neutron energy spectrum (NES) and gamma spectrum couldn’t
be measured exactly, our works have been getting on aiming these questions.

2. Experiments

As having prcscntedm, we had reached~ 10%n / s of average neutron yield
in a D/ Pd system by the dynamic low pressure gas discharge method. But it
was far away for measuring NES and neutron activation. At latest, it was found
by Long Heqing that there had been intense neutron and gamma-—ray emission
in Deuterium / Metal systems consisted of Deuterium with some Metals (as Pt,
Nb, W---) except Pd or Ti. At present, high yield of neutron emission (~
10*n / s averaged) could be lasting as you want. The features of this method are
<1> electrode is made of Pt, Nb, W--- etc., <2> a film of metal (same as
metal of electrode) is deposited on the inner surface of the reaction glass bulb
and insulated from electrodes, <3 > low pressure deuterium gas flow is supp-
lied, <4> the parameters are suitable for glow discharge. When the applied
voltage is greater than 17KV there will be intense neutron and gamma—ray
emission to be observed.

The apparatus used in this work have been discribed in previous publica-
u'onm, but the measuring systems will be introduced in detail.

2.1 NES measurement

NES was measured by a recoil proton fast neutron scintillation
spectrometer, it had low response for gamma-ray. The counts rate of
gamma—ray, which emitted from ®Co and its energy > 0.5Mev, was only
0.05%. It was interference—free efficicently. NES was transformed from
proton—recoil spectrum measured in the experiments, the inverse matrix
F™' could be calculated from proton—recoil spectrum of **Pu—Be Neutron
Source and its NES¥ so the neutron spectrum is given by

N=F'M @1
where M is column matrix of proton—recoil spectrum.

2.2 Activation

Activation was the most reliable neutron measurement method in a high
electromagnetic interference environment. '*In and *’Ir active pieces were
placed in paraffine slowing—down layer (7.5cm thick, it is 15cm from the center
of reaction bulb) and irradiated for several hours, then measuring the activity
by «, S measuring apparatus with low background.

2.3 Neutron burst
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Neutron burst was defined of maximum counts in 0.1s in the experiments,
the mono—channel output of spectrometer was linked with the entrance of
computer (IPC—610) accross counting board, it could show the counts of every
ume interval (0.1s).

2.4 Gamma—spectrum measurement

A Nal scintillation counter was used as the gamma—ray spectrometer, the
measurement efficiency was 0.8% for the gamma-—ray emitted from %°Co, the
counts of background was 13CPS after shielding.

3. Results

3.1 Neutron yield
< 1> Relative yield of neutron

Relative neutron yield of different D / M systems are shown in Table 1,
these metals were chosen at random and neutron emission could be measured
i}ITI all of D / M systems, the relative order was Pt, Nb, W, Pd, Ag, Cu, Mo and

e.
<2> Activation

For scaling active pieces, similar experiments were conducted
with **Pu—Be Neutron Sourcc instead of the reaction bulb, the 2*Pu—Be
Neutron Source was placed in “center of the reaction bulb” and irradiating for
20min., then neasuring the § activity of active pieces, the results are shown in
Table 2. The effective distance in Table 2 was deduced from point source for-
mula.

In experiments, the active pleces were bare "In pieces, '"In pieces
wraped by cadmium (Cd) and bare '®’Ir pieces, the results of D / Nb system
are shown in Table 3, the average yield of neutron calculated from the average
fluence rate was 2.64+0.36 X 10°n / s. The results of D / Pt system are shown
in Table 4 the average yield of neutron calculated by same method was 1.24 +
0.51 x10*n / s.

The measuring half life period of '**In (53.03 + 5.5min) and '*Ir (19.6 +
1.6hour) consisted well with standard value 54.1min and 19.4hour respectively.

The result of "*In piece which wraped by cadinum and had been irradiat-
ed for 4 hours was background level.

<3> NES method

Less understanding of neutron dlstrlbutlon in anomalous nuclear effects,
we assumed neutrons were emitted from a ”point source” and the effective dis-
tance R ;=8.7cm was deduced from 2**Pu—Be Neutron Source instead of the
reaction bulb at same condition.

The fluence rate of D/ Nb system is shown in Table 5. The average
neutron ylcld was 6.1+ 1.6x 10°n/ s, the maximum average neutron yield was
83x10°n/s (obscrved time 470mm) Comparing results of the two methods,
it is consistent in 40% relative deviation.

3.2 Neutron Spectrum

From the NES of 2*Pu—Be Neutron Source!* (shown in Fig.1) and the
measured lproton—reconl spectrum by our spectrometer. We calculated inverse
matrix F~' with formula(2—1) (Energy interval was chosen of AE = 0.5Mev),
the detection efficency of energy interval was calculated from the proton—recoil
spectrum with the NES and is shown in Figure 2.

We had scaled the spectrometer by a 2.45Mev monoenergitic neutron
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source, the channel was as same as of the 238py—Be Neutron Source.

NES of D/ Nb system is shown in Figure 3 (980min.) and Figure 4
(470min.). The results of Figure 3 was accumulation of that of Figure 4, their
shape and peaks are consistent with each other. Because of low yield of neutron
in D/ Pd system, there was only NES of E< 6.0Mev in Figure 5. NES of
D / Pt system is shown in Figure 6. NES of E < 6.0Mev of three systems are
similar.

For D / Nb system, the interval of neutron energy was from 0.5Mev to
11.0Mev, the average energy was E_ = 3.55Mev, five different heights of peak

appeared at (3.0-3.5)Mev, (5.0—5.5)Mev, (8.0-8.5)Mev, (9.0-9.5)Mev and
(10.0—10.5)Mev. But the spectrum of D / Pt system was broken off in the inter-
val of (8.5—10.5)Mey, it seemed that there were higher energy neutrons (E>
10.5Mev), there were five peaks too. The neutrons of (2.0—2.5)Meyv interesting
to people appeared in a valley of the energy spectrum and their yield was only
7-8% of the total yield of neutrons.

3.3 Gamma-ray

Gamma spectrometer was scaled by 22Na, %Co and “'Cs
gamma-—source. The results are shown in Table 6. But the spectrometer had
some response for 2 Am gamma—source (0.05957Mev), so the data of low en-
ergy in Table 6 couldn’t be used.

Gamma-—spectrum of D / Nb system is shown in Figure 7. The interval of
energy is from tens Kev to>>20Meyv, the peaks of E< 7TMev are obvious, they
are tens Kev(POint a ) , 3.4Mev(b) and $8Mev(C)The peaks of high en-
ergy are less clear because of low intensity, notably the yield of gamma-ray was
about ten times of neutron.

3.4 Contrasted Experiments

The similar experiments were conducted with hydrogen gas and helium gas
instead of deuterium but no neutron over background was detected.

The neutron counts for 70 minutes are shown in Figure 8 and Figure 9,
there are 0.3CPM interference counts in 44-90 channel (corresponding
0.5—1Mev) because of 17-24KV high voltage appied in the experiments, it
could be neglect.

4. Discussion and conclusion

4.1 Gas discharge process

In the dynamic low pressure gas discharge process, a lot of atom or atom
cluster would be sputting from electrodes and depositing on the inner surface of
reaction bulb to form a metal film. Plasma was formed in major part space be-
tween electrodes; in addition, there would be a accelerating field on the inner
surface of metal film, it made D*(D}) moving to the metal film. Other wise, the
density of Deuterium was low in the electrodes because of high temperature on
it. So the anomalous effects were caused by the metal film mainly but not the
electrodes.

4.2 Contribution of Beam—Target neutron

As a result of calculating, the neutrons caused by beam—target effect were
less than 100n / s, it was less than 2% of total neutrons. If there were a lot of
neutrons caused by beam—target effect there would be a peak of (2.0—-2.5)Mev
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in the NES, just the opposite, there was no and the neutrons 1n there were only
7—-8% of total neutrons.

Another fact was if the deuterium gas pressure added to 27—50Pa the
counts of neutrons did not reduce obviously.

4.3 High energy neutrons

It seemed that there had been high energy neutrons in NES of D / Pt and
D/ Nb systems, because of our spectrometer limitation, the high energy
neutrons (E > 11Mev) couldn’t be determined. It needs advance research.

4.4 The action of metal

The metals in experiments were chosen at random, they don’t take part in
the primary reaction in anomalous nuclear effect at least, but the secondary re-
action maybe, the coulomb barrier between deuterons may be reduced by metal
help, so the reaction possibility rises notably. The peaks in NES and
gamma-—spectrum may be relate multi—body &Ysion. But simulation indicate,
only multi—body fusion can’t explain the peaks™'.
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Table 1 _Relative neutron yield of different D / M systems
system | P-D | Nb~D | W-D | Pd-D | Ag-D | Cu-D | Mo-D | Fe-D
Foragel oo [ o [ vrean [ - [ 1eus [ - [ -2 | 19
xv) ;
relative
eutron | 10.1 8.2 52 37 28 1.6 6 10
yield
Table 2 Scaled results of ""’In active pieces =
coesd | ratio ofbot
half | catewhen | fueace | ellective )
_y | neutron fuence | measuring
sample Wle | swop I rate x 10 distance
! i) raic over { apparatus
(in) | wradiatiog (n/ M@ - 5) | i (cm)
(Ba) ! acuvity |
| e ) | m" s'Ba” |
! 1
i 200 | 1ss 1 a4 3.09% 10° F| 19 | BH-1216
L oses0 | 1622 | 4 307<10° | 119 | LB-1900
i 54.03 nes a7 328 x 10 137 BH-1216
h 56 40 1226 401 3.27x10° 132 LB-1900
T egrg 1395521 4412054 31820.10x10°, 127408 —
vaive '
r Table 5 Results of NES method of D / Nb system
Sample I 1 ’ i
fluence rate x 10/ m* - 8 483 873 K 564 )
Table 6 Scajed resulis of —channel
R Lt i
energy E, cotrespooding
AE,/ 8o
Semmeusotre: (Mev) channel (a) =
TiNg | 1274 217 0.0220
“Co { 1253 i 216 00246
- |
s | 0.662 192 Il 0.0245

Table 3 Results of activation of D / Nb s¥stem
o pure count docay | flueace detecliog
sample l':' raies rate ratex 0™ lirmit
= (cps) B0 [@/n’en| G0
e 260+046x 107 | 0.100 148
03¢5 0.025
2* O3S | earoa9x 107 | 0094 148
4 mia. < (BH-1216)
3 2434043x 10 0.094 11s
ie o - 0825
‘ = ®H-1216)
19616 2 0.025
ke 1039x10° . 110
s nours | 31220391 0.104 BH-1216)

= "0 (030 X 0.087t0m)
s+ "1a(®30x0.087mum) wraped by Cd (0.5mm thick)
w = W7 (040 x0.2mm)

Table 4 Results of activation of D / Pt svstem

* pure count o decay i Nuence detecting
sample ' rates rate | raex10™ hmit
(cps) L (B i (0/m’-5) (Ba)
" 3 1 0.231 3.60 i
- .
6.93£0.80x 10 . A BT
27 329%020x 107" 0658 8.67 o820
S0 ! 6 ’ (L3-1900)

+  ln(2x 50 x 0.087mm)
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Abstract

Neutron emission which average rate was 13—330 n/ s and X—ray which
average energy > eU,,, were continuously detected from a gas discharge reac-
tion bulb, these neutrons were divided into two groups of 2—2.5Mev and
2.5—7Mev, the emission of neutron was 100% reproducible.

Keywords

Deuterium / Palladium system, gas discharge, palladium film, Deuterium
reaction

1. Introduction

Since April 1989, we had employed gas discharge ?clivalion in D/ Pd sys-
tem for absorbing and releasing deuterium experiment!!! similar to the of Xiong
Rihcngm, Wada et al.l’!. Results of time distribution and rates of neutron
emission were approximately to the same extent of Wada, but the first peak of
neutron burst induced by the first discharge was more lower. And we had ver-
fied the rate of neutron emission did not relate to D / Pd ratio obviously if the
atom ratio of D / Pd>>0.3, a “three electrodes” reaction bulb that we will intro-
duce had similar result too. But the neutron yield was still higher and neutron
emission was 100% reproducible.

2. Experiment

The apparatus used for fusion studies is shown schematically in Figure 1.
It is composed of reaction bulb, vacuum system, source of
hydrogen / deuterium, high voltage transformer and detection system etc..

The palladium rods were carried out in a reaction glass bulb of 200ml
(®80mm, 2mm thick) with a pairs of electrode stems, the palladium 99.97%
rods of 2mm® were fixed to the Kovar eletrode stems. Before experiment, Pd

FRONTIERS OF COLD FUSION
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electrodes were cleaned, degassed and activeted, the atom ratio of D / Pd was
up to 0.5—0.8 generally.

In the experiment, there would have been sputtered a layer of film (1—5um
thick) on the inner surface of reaction bulb, the distance of electrodes was
about 50—60mm, the shortest distance bettween electrodes and palladium film
was 10—15mm.

The high voltage was supplied by a SKVA, 50Hz Alternating current
transformer(YDJ5 / 50). The distributed capacity of source electrode to earth
was 500PF.

Neutron was measured by a recoil—proton fast neutron scintillation coun-
ter with a mono—channel analyzer, they could discriminate the energy of
neutron and sufficiently suppress the contamination of y—ray. Background of
neutron was 4—5 CPH.

X-ray was measured by a compensate energy thermoluminescence
dosimeter, it could measure the dose of X—ray or y—ray which energy was
greater than 10 Kev.

Experiment procedure is summarized as follows.

1. At a constant pumping speed, the rate of deuterium gas flow was ad-
justed so the pressure was 4—13Pa, high voltage was applied to induce the dy-
namic low pressure gas discharge.

2. Deuterium gas was filled in the reaction bulb at room temperature, the
time of absorbing deuterium was from several minutes to tens hours, then
evacuating and discharging.

3. Results

Neutron measurement had carried out intermittently, every observation
had continued from severl minutes to~ 100 minutes (See Tab.1,2,3 and Fig.2).
All of neutrons were divided into two groups' ', low energy group was
2—-2.5Meyv, the higher was 2.5—7Mev. The average rate of neutron emission was
13—330n / s. In experiments, we assumed: < 1 > the average energy of neutron
was 2.45Mev and 4.5Mev separately; the relevant measurement efficiency was
238% and 0.38%; <2> neutrons were emitted from palladium film
isotropical; the solid angle was about 5%. Neutron emission could be observed
repeatedly if only the experiment parameters were suitable, the counts of
neutron would be tend to background level after 20 minutes of the gas source
was switched off. If the pressure was too low the counts of neutron would re-
duce obviously.

After saturate absorbing deuterium, while evacuating and discharging at
same time, neutron emission had also been observed, but the rate was lower
than the former and the reproducibility was only 60%, the neutron emission
was happened in or after the short time of self sustaining discharge.

The palladium film could break to many pieces if it had absorbed
deuterium supersaturated after used many times.

The same experiments were conducted with hydrogen gas instead of
deuterium and the results are shown in Table 4 and Table 5, it indicats that
neutron emission was background level and confirms that only
deuterium—loaded system can emit neutrons.

X—ray was detected in the process of gas discharge. The accumulative max-
imum dose rate reached 70rem / h. Different thickness of Cu absorbing flats
were applied and the accumulative dose is shown in Table 6, the plate was made
of unitary copper material and didn’t include the glass wall (2mm thick) of re-
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action bulb and polythene wall (2.5mm thick) of dosemeter. Fit the data of Ta-
ble 6:

Linear absorb cofficient p=199.7cm™" was related to the average energy
of X—ray Ex~ 37kev, but the applied maximum voltage in experiments was
20KV, it corresponded to maximum voltage on the reaction bulb was only
15.5KV, it is to say that eUg,, =15.5Kev < 37Kev. If X-ray was induced by
electron bremsstrablung and energy of electrons was continued, the maximum
energy of electrons was about 50Kev.

4. Conclusion

It is possible that palladium film played a key role for gain the anomalous
nuclear effect. In the experiment, regulating current limiter, there would be
glow discharge occured, and palladium atom (or atom cluster) was sputtered
from the tip of electrodes meanwhile, electrodes getting short, distance of elec-
trodes getting long. The Tempreature of reaction bulb wall rised to 60—200 ° C
at same time.

We occasinally observed added current pulse over the stable current signal,
the average value of current pulse was~ 1A, the maximum_> 10A, and the char-
acteristic time was several ms, but the current induced by glow discharge was
less than 100mA. neutrons observed were mainly distributed in higher energy
region of 2.5—7Meyv, the production rate of higher energy neutrons was about 9
times of 2—2.5Mev lower energy meutrons, the maximum was 30 times, we had
test this ratio repeatedly in applied voltage of 10—20KV, the most probably
value was about 9.

Beacuse low gas pressure was carried out and high voltage was applied, it
is suspected that neutrons were caused by beam—target effect. But beam—target
effect was not mainly in fact, the reason are <1> 2.5—7Mev higher energy
neutrons were observed and their production rate was higher than that of
2.0—2.5Meyv, but the applied voltage on the reaction bulb was less than 15.5KV,
it can’t be explained by the classical Bean—Target Model . <2> if neutrons
were caused by beam—target effect, the yield of nutrons would increase when
the gas pressure decreased, but results were close each other when gas pressure
was 4Pa and 27Pa separately; <3 > when the applied voltage increased, cor-
responding to beam—target model relately the yield of neutron would increased
but this didn’t happen (See Tab. 2) in the experiment. So the beam—target
neutron was not mainly in there.
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Tabie | Neutron yield in the dynamic

Table 4 Neutron counts ia the dynamic hydrogen gas discharge process
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2 0 0 0 o o

low pressure gas discharge process(16KV, 6Pa
time (min.) 0s/o8|t1|L3|18 5(30(37 ]42 46
Detiron, 2-2.5(Mev) 1 1 2 5 6|]7|8|8]|]919]|10
copsta 25-(Mev) [0 [ 34|67 |nf|is|is|e|n
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AVEIREE 2-25(Mev) 1127 | 1.0 | 08 |48 |3 |04 | 15|05
neutron yield x ¥ t
corresponding 25~ Mey) I 125 30 [ 41 |92 |127] 6.1 [17.8 135
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averape 2-2.5(Mev) 0 (0202020247
necutron yield ST ppC— P00 T . S
corresponding 2.5-7(Mev) 52 (14 (13|10 1.0 (2804
time intcrval ==
(n/s) srm 5201701501212 )32
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ABSTRACT

A helium-3 proportional detector was equipped with the experi-
ment of Liaw-type electrolytic cell contained eutectic LiC1-KC]
molten salt saturated by LiD electrolytic to collect the informations
of the rate and the energy distribution of possible neutron produced
during the electrolysis processes.

For long time monitoring, the significant reproducible neutron
bursts appeared at several runs of cells during electrolytic process-
ing. The neutron counting rate increased about a factor of two above
the level of the background measurement. The pulse height signals
were verified of neutron energy ranging from thermal up to 350 keV.

1. Introduction

Since the first report of discov$ry the neutron emission from
cold fusion reaction by Jones et al. '). After that at least seven
groups?) have claimed both detections of neutron emission and excess
heat production in the cell at room temperature. However, none of
them has detected neutrons emission as well as both neutron emission
and heat generation at elevated temperature.

In this report, we attempt to detect neutrons produced in
LiC1-KC1 molten salt saturated by LiD electrolytic at cell temper-
ature about 400 °C.

2. Experimental Arrangement

The investigation of possible neutron esission has been carried
out with similar to Liaw's LiC1-KC1 molton salt saturated by LiD
electrolytic. The cell design as shown in Fig. 1, the eutectic
LiC1-KC1 molten salt saturated with LiD electrolyte was filled in an
aluminum can cathode with a Pd anode. An independent AC power driven
furnace provided the reference temperature before the DC current

FRONTIERS OF COLD FUSION
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9
Fig. 1 A schmeatic configuration of the molten salt cell.

applied for electrolysis. A K-type thermocouple was used for the
cell temperature measurement. The Pd anode immerged in the salt

with surface area of about 3.8 - 5.7 cm?. The whole experimental
setup was operated in a glove box purged with Ar gas. The LiC1-KC]
eutectic mixture was firstly melted by the AC power, which was kept
the cell to get a stable reference working temperature, 390 °C. The
cell thenruning by applying a DC current for electrolytic process
after LiD was added. Two grams of LiD were lasted up to 5 to 20
hours of electrolysis depending on the DC current applied. The
duration for each addition of LiD is called a cycle of the process.

A run in a cell usually contains 5 to 10 cycles. A helium-3 detector
was also employed for continuous monitoring of neutrons. The
detector efficiency was calibrated with a %3°Pu-!3C source of neutron
emission rate 1.17X10° ns-*. Thus the efficiency of about 0.01% was
obtained of this arrangement.

3. Results and Conclusions

For the neutron emission studies on LiC1-KC1 molten salt experi-
ments, several runs of different Pd diameter anode have been
studied. The neutrons emission was obsevered on a 6 mm diameter Pd
anode experiments, at 30 hours right after the DC charging current
applied to the cell. The neutron counting rate jumped about twice
higher then the background level. As indicated in Fig. 2, the cell
runing about 215th to 270th hours (30 hrs. after the DC charging
current applied ), the neutron counting rate jumped from bockground
level 5.51+0.44 cpm, to a higher value, 12.02+0.56 cpm. The cell
temperature and the DC power applied in the cell compared with the
neutrons during the electrolytic processing was shown in Fig. 3.

From this figure it indicates that once the neutron emission is trig-
gered the neutron counting rate is rather low relationship corre-
sponding to the applied DC power. The cell temperature increase
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Fig. 2 Neutron counting rate of a 6 mm diameter Pd anode during
electrolytic process.
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The cell temperature, power
gain is estimated about 5 to
108 times of the input power.

Input power of the cell, the
cell started to electrolyze
at hrs. 190, the current
density was applied 18-800
mA/cm?.

depends on the applied DC power. The estimated power gain in this
case was about 5 to 108 times of the cell input power.

The neutorn emissions of an another experiment with the same
anode diameter was shown in Fig. 4. The cell ran about 114th to
170th hours, the neutron counting rate also jumped from background
level, 4.67+0.52 cpm to 7.43+0.62 cpm. The pulseheightdistributions
of both background and cell run measurements were shown in Figs.
5(a) and 5(b), respectively. As comparsion with the background and
the cell runs measurements, the counts from channel number 40 to 58
of figure 5(b) were significantly different from the the distribution
of the background one. There was verified that the neutorns with
energy above thermal up to 350 keV were collected during the cells
were in electroytic processing. Above channel 58 the counts recorded
on each channel fell almost the same level equivalent to the back-
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Fig. 4 Neutron emission of an another 6 mm diameter Pd anode was
collected about 114th to 170th hours during electrolysis.
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Fig. 5 (a) The pulse height distribution of neutron signals
collected from background measurement, (b) from cell
electrolysis.

At least three full runs of 6 mm diameter Pd anode electrolytic
processes had neutron emissions being detected with equivalent same
shape of neutron pulse height distribution. But in case of smaller
diameter Pd anode e.g. 4.5 mm, was only large excess heat generation
was observed. The neutron emission had not been detected yet in our
experiment.

4. References

Tre Jones, S. et.al., 1989, Nature, 338, 737.
2. Mallove, E., 1991, "Fire from Ice", Wiley, New York.




465

Neutron Emission from Palladium Electrodes in
Deuterium Gas under Highly Non-uniform Electric
Fiel

Hiroshi YAMADA, Norio SUGAYA, Tsuyoshi KAMIOKA,
Michiaki MATSUKAWA, Tamiya FUJIWARA and Koshichi NOTO
Faculty of Engineering, Iwate University

Ueda 4-3-5, Morioka 020

JAPAN

ABSTRACT

The fusion reproducibility in palladium(Pd) has been searched
with the detection of excess neutron for point-to-plane electrode
configuration in deuterium(D;) and in hydrogen(H;) gas atmosphere
using a Pd, nickel(Ni) and tungusten(W) point. Excess neutron
counts were observed using D; loaded Pd points under DC high-voltage
applications. To the contrary, no count except background was
observed with other points under the similar test condition. The
observed highest counting rate of 61 counts for 10 seconds from the
Pd is equivalent to the neutron emission of ~ 1x105 n/(s-cma).

1. Introduction

Since the cold fusion was claimed to occur in Pd or Ti cathodes
during electrysis of D;0[1,2], a considerable number of research
groups have investigated the fusion and many positive results have
been obtained in these four years. In one of these studies, De
Ninno et al. have found another simple methode of the cold fusion
without the process of electrysis, that is, they have observed a
spontaneous neutron emission from D; loaded Ti powder during the
process of cooling with liquid nitrogen and heating[3].

In this short report, the experimental condition has been
investigated to obtain more steady excess neutron emission with a
point-to-plane electrode system in D2 gas atmosphere using a $He
thermal neutron detector. The experimental arrangement presented is
simple and thus would assist a theoretical approach to the mechnism
of the cold fusion.

2. Experimental

A neutron measurement system is used to detect 2.45 MeV neu-
trons from the D(d,n)zHe fusion branch. The system consists of a
34e thermal neutron detector (Reuter-stokes: RS-P4-0806-207), a pre-—
amplifier (EG & G ORTEC: 142PC), an amplifier (EG & G ORTEC 590A
single channel analyzer), a Timer-and-Counter (EG & ORTEC:996), a

FRONTIERS OF COLD FUSION
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polyethylene inner moderator (500 mm long, 500 mm wide and 300 mm
high), 1 mm thick Cd sheet reflector and ~ 500 mm thick outer
shielding of saturated boric acid solution in water. The polyeth-
ylene inner block, having a central cavity with a cylindrical shape
of 140 mm in diameter and 100 mm high, enhances the efficiency of
the 3He counter by moderating fast neutron emitted from a cell.
The polyethylene moderator is surrounded with the Cd sheet. The
cell and the detector are positioned inside the central cavity.
Signals from detector are fed to the single channel analyzer
through the preamplifier and the amplifier. The counts are stored
on a floppy disk using a personal computer. The electromagnetic
noise related to high-voltage application is avoided by adjusting
the preamplifier gain, the shaping time of the amplifier and the
window of the single channel analyzer. The efficiency of the
detector is v 1 % using 252¢f source with a neutron intensity of
2.3x10* n/s. The average background of neutron flax without test
cell is 8.6 cph after the adjusting. The background level is not
so low, because the measurement system is directly positioned on the
ground and is only covered with an upper thin roof.

The point-to~plane electrode system with gap spacing of v 15
mm was in the closed cell filled with 2 atm pressure D; gas. The
plane electrode was a brass disk of 30 mm diameter. A commercial Pd
wire of 0.3 and 0.5 mm in diameter were cut to ™~ 30 mm in length to
be the point electrodes. After polishing, the Pd points were vacuum
annealed at 800 °C under a pressure less than 107 Torr for 3 hours
and cooled to room temperature, follwed by loading of D, gas under
2 atm pressure for 24 hours. Next, the Pd point was set to the cell
and kept in D, gas atmosphere of 2 atm pressure for 20 up to 40
hours under a DC 4.5 kV application in the neutron measurement
system. The negative DC voltage was applied to the point electrode.
Then a DC ~ 10 kV, the lowest voltage for flashover, was applied to
activate the Pd point electrode[4]. Just after several strokes of
flashover, the DC voltage was immediately decreased to a slightly
lower voltage than that for flashover. Ni and W points of similar
size were used as reference electrodes under almost the same voltage
amplitude with the aim of measuring the change in neutron counts.
H; and air were also used as loading and enviroment reference gas.

3. Results and Discussion

The deuteron to Pd loading ratio was 0.66 at 24 hours after
the start of loading. No excess count was usually observed until
the activation by the flashover. An initial burst of neutron was
detected after the several strokes of flashover in 8 out of 22 runs
using D; loaded Pd points in D, gas atmosphere. However, such
excess counts were once observed without any flashover, suggesting
that the activation by flashover is not necessary for the neutron
emission. The excess counts ceased when the applied voltage was
removed. This indicates that the application of DC high voltage is
a key factor for the fusion in this study. Counting rate signifi-
cantly higher than the background level were observed in 6 runs out
of the above positive 9 runs. But, 3 out of the remarkable 6 runs
were carried out using a point. One of typical time behaviors of
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neutron emission is shown in figure 1 (a); the rate is given by the
counts summed up within 2 minutes. The time O in the figure shows
the time when the last stroke of flashover took place. The average
background of neutron flax of 0.29 counts per 2 minutes can be
negligible in the figure. The average counting rate in figure 1 (a)
is 96.5 counts per 2 minutes. Keeping into account the efficiency
of the counter, the total number of emitted neutrons over 3 hours
amounts to ~ 1x10°. The observed highest counting rate of 61

counts for 10 seconds, v 2,500 times larger than the background
counting rate, is equivalent to the emission of ~n 1x105 n/(s-cm?)
from the Pd electrode. 1In addition, excess neutron emission was
also observed in H, gas atmosphere, as shown in figure 1 (b), and in
air using D, loaded Pd point while these counting rate were lower
than those in D, gas atmosphere. To the contrary, no count except
background was observed with other points for all the 43 runs under
the similar test condition, even though the point was H,; loaded Pd
in D, gas atmosphere. These results indicate that the fusion did
not take place in the enviroment gas volume but in the Pd bulk or
its surface. The number of positive runs to that of total runs for
each condition is compiled into table 1. All the results allow us
to conceive that a corona current of the order of 10 pA due to the
DC high-voltage application would induce the transition of deuterons
from octahedral sites in Pd to other sites[5] and that a multiplica-
tion of the transition would occur in the Pd bulk or its surface.

4. Conclusion

Nine out of twenty-two runs with D, loaded Pd points in D; gas
atmosphere have given excess neutron counts under DC high-voltage
applications. Furthermore, excess neutron emission was also observ-
ed in H,; gas atmosphere and in air using D, loaded Pd point, while
its counting rate was lower than that in D; gas atmosphere. This
indicates that the fusion did not take place in enviroment gas
volume but occured in Pd bulk or its surface. Corona current of the
order of 10 upA due to the DC high-voltage application would be
responsible to the continuous neutron emission by the fusion.
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ABSTRACT

We studied neutron emission from a crushing process
of a Lithium-Niobate(LiNbQO,) single crystal in deuterium
gas atmosphere. We observed excess neutrons 3 counts /
h with a confidence level of 99.95% that correspond 120
neutrons / h emission from process.

1. Introduction

In a solid crushing process, chemical bonds broken
and ionic charges appear on the crushing surface. An
activate state is induced by these charges. The
mechanochemical reaction arise extraordinary chemical
reactions. The charge may generate high electric field.
deuterons are accelerated by the field and collide with
target deuterides. Consequently, nuclear fusion occurs
and neutrons emits. Kluev et al. and Derjaguin et al.
have reported neutron emissions from deuterated metal
due to the mechanochemical process!?.

We report a neutron emission from a crushing process

of a high piezoelectric materials in deuterium gas using
vibromill.

2. Experimental

We chose a single crystal of lithium niobate as the
piezoelectric material. It has a high piezoelectric
strain constant of 6.92x10™* C/N(d,;) and a relatively
low dielectric constant of 85.2(XHT). The generated

FRONTIERS OF COLD FUSION
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voltage proportional to the piezoelectric strain
constant and inverse proportional to the dielectric
constant. The low conductivity ensures the charge retain
after the charge unbalance of the fracturing process.

The mill was composed of a 500ml cup and a stainless
steel ball (50 mm diameter) which vibrated at the
frequency of 50 Hz with the vertical amplitude of 3 mm.

The neutrons were detected 10 *He proportional
counters arrayed circularly in a cylindrical shaped
paraffin block of 50 cm outer diameter and 10 cm inner
diameter. The neutrons thermalized by the paraffin and
reacted with *He making a proton and a tritium with a Q
value of 760 keV. The pulse heights of output signals
of the *He counters were digitized by analog to digital
converters. The vibromill was set in the center of the
cylindrical paraffin.
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Figure 1. (a) shows ?*?Cf emitted neutron distribution

of counts over the channels of pulse height analyzer.
The peak of 1500 channel in pulse height distribution
corresponded the energy of 760 keV thermal neutron.

(b) shows pulse height distribution of excess
emitted neutrons summation over lithium niobate +
deuterium gas 12 samples. A neutron spectra was
observed at 500-1600 channels. Reference was used 12 h
averaging value back ground from 132 h.
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3. Results and discussion

The pulse height distribution is shown in the figure
1 (a). In order to increase the signal to noise ratio,
counts between 600 and 1599 channels were selected. The
detection efficiency was measured to be 2.6% by a
calibrated #**Cf source.

The experiment was done in the low background
facility at Nokogiri mountain. of The Cosmic-ray
Research Institute, The University of Tokyo. It was
located underground at the depth of 100 m water
equivalent. The count rate of the background was
observed 7.6 counts / h. The crushing for a sample was
continued 1 hour duration. The crystal of lithium
niobate was ca. 3 mm granule initially and after 15 min
crushing the size was reduced to ca. 1 ym diameter. The
figure 1 (b) shows the excess neutrons pulse height
distribution of the summation of 12 samples of lithium
niobate + D, system. It was compared with normalized 12
h background taken during 132 h. The sum of bbetween
1600 to 4000 channel counted neutron were scarcely

slight

1'5' e e ]
However

600 to Table 1

1599

channel sample & amount neutrons
counted

neutrons (counts/hour)
were

obviously Ti 10g + D,0 8 ml 4
excess Pd 5g + D,0 8 ml 5
35.8. LiNbO, 12g + D, 101 kPa 11
Table 1 LiNbO, 13g + D, 101 kPa 12
shows the LiNbO, 15g + D, 1.1 kPa 18
experimen LiNbO, 15g + D, 6.6 kPa 12
tal LiNbO, 20g + D, 16.6 kPa 11
results LiNbO, 16g + D, 13.2 kPa 5

16 LiNbO, 10g + D, 24.7 kPa 8
samples LiNbO, 10g + D, 25.7 kPa 9

on LiNbO, 15g + D, 101 kPa 9
crushing LiNbO, 12g + D, 101 kPa + LiD 2g 10
process. LiNbO, 12g + D, 101 kPa + LiD 2g 13
Derjaguin LiNbO, 13g + D, 101 kPa + LiD 2g 8

et al.? LiNbO, 12g + air 101 kPa 8
observed LiNbO, 10g + N, 101 kPa 9
excess

neutron

emission I

on Ti+D,0
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system. However we did not observe excess neutron in
Ti+D,0 or Pd+D,0 systems. On the lithium niobate +
deuterium gas system, we observed excess neutron
emission over the background.

Neverthless, in air and N, +lithium niobate system, we
did not observe excess neutrons. For intensify of the
density of deuterium atoms, we add a lithium deuteride
in the system. Also, on the lithium niobate + lithium
deuteride + deuterium gas system, we observed excess
neutrons. All the counts of the 12 runs of lithium
niobate + deuterium gas system were 127 compared to the
expected background of 91.2. If our observed
background fluctuation was Gaussian distribution, we can
calculate mean and standard deviation 91.2 and 9.5
respectively. The value 127 corresponds 0.05%
probability if it was fluctuation of the background.

So, we observed 35.8 excess neutrons in crushing
process. These neutrons were emitted by an acceleration
of deuterium at high voltage field in crushing process
of high piezoelectric material.

4. conclusion

We conclude that the excess neutron (average 3
neutrons / hour ) observed by mechanochemical crushing
process of lithium niobate in deuterium gas with
confidence level 99.95%. The D-D fusion reaction was
occurred in the crushing process of lithium niobate
crystals. We named this fusion reaction "Mechano
neuclear reaction"”.
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ABSTRACT

Attempts to delect neulron emission altributable to D-D nuclear
fusion accompanying fracture of deuterium-loaded materials have been
carried out using a ball mill specially designed for this purpose.

Chips of Ti, Ti-alloys. Y and YBasCu3z07-.x. loaded with deuteri-
um, were crushed in the ball mill to about 10mm in size in 60 or
120 minutes. and neutrons were counted by an array of 4~12 3lle de-
tectors sarrounding the ball mill. The signal-counting efficiency
was 0.3~4%.

No positive signalure has been obtained for the occurrence of
fracturce-induced fusion.

1. Introduction

Immediately aftre cold fusion phenomena were reported by Jones
et al. (1989) and Fleischmann and Pons (1989), suggestions were made
that a d-d fusion reaction could be induced during the crack propaga-
tion in deuterium-loaded materials (Cohen and Davies 1989, Mayer et
al. 1989, Takeda and Takizuka 1989 ).

However, experimental evidence for the fracture-induced fusion
has not been clear. In LiD, Klyuev et al. (1986) had reported neutron
emissions during impact fracture. bul recent experiments of Price
(1990) using a track-reading plastic detector found no particle emis-
sion. Derjaguin el al.(1989) claimed to have observed neutron emis-
sion during vibromilling of a complex mixture of Ti chips. heavy
water, deuterated polypropilenium and LiD. The implication of their
experiment is hard to evaluate.

FRONTIERS OF COLD FUSION
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The only clear-cut experiment performed so far in regard to the
fracture-induced fusion is that of Dickinson et al. (1990), in which
they observed emissions of photons, electrons and DY ions during the
fracture of TiDy, and a fairly large charge imbalance between the two
cracked pieces of the sampie. Although the energy of emitted D* ions
was not determined in their experiment., there appears to be a possi-
bility that it can be of the order of 10keV which is necessary to
yield measurable fusion rates.

Our measurement have been performed to detect neutron emission
attributable to d-d nuclear fusion accompany fracture of deuterium-
loaded materials using a ball mill specially designed for this pur-
pose.

2. Experimental Details

The deuterium and hydrogen loading of specimens were performed

in a Sieverts-type apparatus. The specimens used are listed in
Table 1.

Table 1. Samples

Sample Shape:Size Quantity
TiDq .0 block:2~10 mm 400 g
TiDq.g block:2~10 mm 500 g
YD2 g block:2~10 mm 81 g
Tiogehlo1VooaD1.1  fragment:5~10 mm 260 g
Tiosehl o1Vooall1 .1 fragment;5~10 mm 223 g
TiogeNlo1VooaD1 .1 fragment;5~10 mm 177 g
TiDq .3 plate:lmm thick 171 g
Tillq .7 plate;lmm thick 177 g
YBaoCusz07-xDo .8 block:;2~10 mm 147 g
YBaoCuz07-xll1 o block:2~10 mm 147 g

The electrical resistivity of the specimens varies widely:
~107%Q -m for Ti and Ti-alloy deuterides, ~ 1 Q-m for YDy . and
~102Q -m for the deuterides of YBa,Cus07_x.

These samples were crushed in the ball mill ( 2lcm in diameter.
13cm in width ) to about 10um in average size(Rosin-Rammler dis-
tribution) in a vacuum or 1 atm. of D, gas for 25~120 minutes at
room temperature. The ball mill was surrounded by a polyethylene
moderator ( 3cm thick )., in which an array of 4~12 3lie detectors
( 25mm in diameter, 15cm in active length ) was located, and the
whole assembly was shielded from outside radiation by borated water
of 50 cm thickness.

Signals were counted by CAMAC scalers, and recorded in a micro-
computer every 5 min. The signal-counting efficiency was measured by
using 252Cf neutron sources, to be 0.3 and 4% for four and twelve
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deleclors.

Measuremenls were made Lo check possible noises arising [vom Lhe
rolal.ion ol Lhe bhall mill by comparing background counls during lhe
on- and off-tLime of Lhe emply ball-mill oper-altion. No diffevence was
Tound.

L musl be cemphasised Lhat Uhie present experimenl allows Lhe use
ol much Targer gquanbilies ol samples, and produces much lTarger arca
of Treshly cracked surlTace, Lhan any experiments rveporled so [ar.

3. Experimental Resulls

Lach run of measurcmenls consisted of neutron counling during
the on- and ofl-period of Lhe ball-will operation conscculively.

Typical Lime-varialions ol nenliron counl rales avre shown in
Figwre U tor Tihy o, YBasCualq_ylo g and YBaCuzOy-yly o-

No difference in Lhe counl rales ol on- amd ofl-periods can be
obscrved 1n any ol Lhese tuns.
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Figure 1. Time-varialion of neulron count rales.
Arrow a: slarl., and b:stop of Lhe crushing operation.
The averapge counl rales obscrved for all Lhe samples arce lisled
in Table 2. Dilference in Lhe counl: rales during Lhe on- and of(-
periods cannol be said Lo be meaningflul.

Table 2. Counl Rates(counl/Sminz o) and Duralion
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Trusing on Crushing olT

a1 Counts: Duration Counts; Duralion
TiDy .o 9.2%£0.6; 120 min. 8.3%£0.6:; 120 min.
Tiby . g 8.2%£0.6:; 120 min. 8.9+ 0.6; 120 min.
YDy g 8.8x1.3; 25 min. 7.8t 1. 2 25 min.
TiogeNlo.1Vooald1.1 6.5%X0.5; 120 min. 2.5£0.3: 120 min.
Tiosehlo.1Vooall1 .1 3.1X0.3: 60 min. 2.9%0.2; 60 min.
TioseAlo.1VooaD1.1 4.3X0.6: 60 min. 5.2 0.7; 60 min.
TiDy .3 5.60.7: 60 min. 6.0+0.7; 60 min.
Tilly 7 4.8+0.7; 50 min. 4.1£0.6: 50 min.
YBaoCuz07_-4Do .8 4.1x0.6: 60 min. 3.2%0L5 60 min.
YBaoCus07_4ll4 .0 5.0F0.6; 60 min. 5.4+ 0.7 60 min.

4. Discussion

Let. us starl wilh a crude estimation of D-D fusion rates by as-
suming appropriale values. Let n; be the density of DY ions on unit
surface of crack. S Lhe fraction of D* ions emilted and accelerated
across Lhe crack surfaces, A the fusion reaclions per one accel-
erated DY ion and dS/dt the rate ol generation of fresh crack sur-
face, then the Lotal rate of D-D fusion is given by X tot= ni16 4
(dS/dt) s, which becomes 4% 1038 [for experimented condilions of
TiDy g. If we assume 8= 1072, and a voltage of 10kV across the crack
gap of 10 m, we obltain A {o¢r equal to Lhe background counts. These
values appear quile reasonable. Absence of any observable neutron
emission suggesls Lhat some of these values were overestimated.

Admittedly, the effliciency of acceleration of D* ions depends
critically Lhe time of decay of the voltage across the crack sur-
faces. The presenl experiment is believed to have coverd a wide range
of the decay time because., olher things being equal, if should be
proporlional of the electrical resistivity.

Thus, Lhe negalive resulls of Lhe present experiment,in spite of
greatly enhanced sensitivities, put a rather slringenl limit on Lhe
occurrence probabilily of the [racture-induced fusion.
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ABSTRACT

The electrolysis of heavy water is being investigated with two types of open
calorimetric systems. Pd cathodes, Pt anodes and D;0/0.1M LiOD electrolytes have
been used. Until now no clear-cut heat bursts as reported have been observed. One
exceptional phenomenon showing abnormal power imbalance without neutron and
tritium anomalies was found, but has not been repeated under the similar experimental
conditions. Neutron emission, on the other hand, as a very rare case showed an
abnormal increase for only short term during one of another series of experiments.
The increase of about 3.86 above the background level lasted for 9 hours on the 20th
day after starting the electrolysis. The emission rate amounts to about 27.2 + 11.2
neutrons s-1, which is equivalent to about 700 times as much as the background level.
Neither excess heat nor tritium anomalies were, however, observed. The reason for
the lack of repeatability of these experimental results is discussed.

1. Introduction

The generation of excess energy and possible products of nuclear interactions,
as proposed by Fleischmann, Pons and Hawkins[2] and Jones et al.[4] has attracted
much attention from scientific point of view of metal-hydrogen systems. We were
particularly interested in observing by ourselves a "burst” of excess enthalpy lasting a
long period of time and in experimentally making clear if it comes from nuclear
reaction or not. Aiming to reproduce the claimed excess heat and neutron emission
from electrochemical cell, power balance and radiation emission measurements have
been continuously carried out[3] for more than 3 and a half years with several sets of
open type cells consisting of Pd cathodes, Pt anodes and D;0O/0.1M LiOD electrolytes.

2. Electrochemical Cells

Two types of glass cells have been prepared as shown in Fig. 1; a) water-
cooled cells with a cooling water jacket; b) thermally insulated dewar type cells
immersed in constant temperature water baths. A variety of Pd rods have been tested
as the cathode. Original materials of 99.8 % or 99.95 % were delivered from Johnson

FRONTIERS OF COLD FUSION
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Matthey Company. They were as received, annealed in vacuo or remelt in Al,O3
crucibles with a UHV induction furnace. Electrolysis has normally been done in
constant current mode, although the current was sometimes modulated in various
manner. For a) type cells, relatively larger samples were used with a current density
up to 1050 mA/cm2. Power balance was checked by comparing the curve of cell
temperature vs. input power with the calibration curve, or by measuring the flow rate
and the temperature difference of inlet/outlet water in a cooling channel as shown in
Fig. 2. For b) type cells, relatively smaller samples were used with a current density
up to 840 mA/cm2. Excess heat was monitored only by use of the calibration curve.

3. Measurement of Nuclear Products and Chemical Analysis

For neutron monitoring a single or a double rem counter system was used, in
which dose meters of BF3 and/or 3He type were placed adjacent to the electrolysis
cells (See Fig. 3). Tritium concentrations in the cells before, during and after
electrolysis were intermitently measured with a liquid scintillation counter by an
external standard method[3]. In order to check the hydrogen contamination during
long-run electrolysis, a quantitative analysis of H/D ratio was also made by infrared
spectrophotometry[1]. The Li concentration was measured by ion chromatography
technique. Surface analysis of Pd samples was also done with EDX as well as SEM.

4. Results and Discussions

Although many indications of excess heat have been observed so far, almost
all of them except one has been excluded as a ghost by further experimental
reexamination. They were caused by; 1) freezing of electrolyte; 2) a change of
calibration curve with time due to unexpected escape of Li from cells; 3) an
observational error in measurement of temperature difference; 4) a change in
calibration of flow rate of the cooling water. A typical example is shown in Fig. 4.
Until now we have never observed a clear-cut heat burst as shown in the reference[2].
Only one example of abnormal power imbalance observed in an a) type cell has not
been ruled out, however, even after re-calibration of the flow rate. Neutron and
tritium showed no anomalies in this case. This phenomenon has not been repeated any
more under the similar experimental conditions.

Neutron emission, on the other hand, showed an abnormal increase in one of a
series of b) type experiments as summarized in Fig. 5. In these experiments four cells
were installed together in each bath and two BF; counters (15 and 16 in Fig. 3) were
used for neutron monitoring. On the 20th day after starting the electrolysis one (15) of
the counters detected the increase of neutron emission, about 3.8c above the
background. It lasted for about 9 hours. Another counter (16) located 3m apart
showed a small increase of counting rate, but in the limit of statistical error. No
observation of solar neutrons associated with the large flare has been reported on this
date. But one (6) of the four cells coincidentally showed a spontaneous increase in
current. If this cell is thus assumed to be a neutron emission source, its net emission
rate is equivalent to about 27.2+11.2 neutrons s-1. This phenomenon also happened
only once without accompanying any heat excess or abnormal increase of tritium.

Experiments were also carried out to check the contamination of D,O with
hydrogen from air during long-run electrolysis. The results proved that the D,O or the
electrolyte, and thus the Pd could be contaminated with unexpected amounts of
hydrogen from air. It is reported that 0.9 D per one Pd is the critical threshold value to
get the cold fusion phenomena. If this is the case, the hydrogen contamination could
account for the lack of reproducibility of above mentioned experimental results.
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ABSTRACT

We observed three neutron trains continuing 2 or 3h
as the excess flux during an electrolysis of deuterated
alcoholic electrolyte at low temperature range with Pd
cathode for 1878h. Those were 22 counts/2h and two
times of 27 counts/3h in the average background counts
of 4/h. We could not find any excess in the other time
intervals between 28.6ms and 1878h. TE& production
Eztes of the 22 and 27 counts were 6.3X10" and 4.5X10°

/d-d/s during 2 and 3h, respectively. The confidence
levels of neutron emission for 22/2h and 27/3h were 88%
and 59%, respectively, estimated from the statistics.
And for the total of the three trains, the confidence
level became 98%.

1. Introduction

We focused our attention on the result of De Ninno
et al.[1] who observed neutron emission changing temper-
ature of titanium in pressurized deuterium gas. Neu-
trons emerged from the titanium in a particular tempera-
ture of 240 K. This temperature seems to be corre-
sponding to the phase-transition of titanium hydrides.
The change could make a cracks with a high electric
field between the gaps which accelerated deuterons.

So, we carried out the first experiment for search-
ing neutrons from an electrolysis changing the tempera-
ture between 200 K and 300 K in order to create the
dynamic condition in palladium cathode. Additionally,
the advantage of the electrolysis at the low temperature
range is not only the capability of changing the temper-
ature, but also increase of an absorbed amount of hydro-

FRONTIERS OF COLD FUSION
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gen into palladium [2-4]. Furthermore, our detection
system was constructed in attention with a time interval
as wide range as possible, since we do not know how the
neutron emission occurs in the time structure.

2. Methods
2.1 Neutron detection system

Neutron detection system was consisted of ten 3He
proportional gas counters (Reuter-Stokes, USA), which
were inserted in a paraffin moderator shaped as a cylin-
der with a height of 30 cm, outer and inner diameter_of
38 cm and 10 cm, respectively. Each couple of the 3He
counters was linked to a preamplifier. The pulse
height data were recorded using a CAMAC PHADC. The
event time was also stored to analyze the time structure
of the neutron emissions. The pulse height data can be
read out every 28.6 ms, which is limited by the CAMAC
readout time.

Detection efficiency of neutrons was defined as
number of detection per n er of emitted in the cell
which was measured by the Cf neutron source placed at
the palladium electrode position. The detection effi-
ciency was 3.3 % selecting within -30 to +20. The
detection system was placed in Nkogiriyama underground
laboratory, Institute for Cosmic Ray Research, Universi-
ty of Tokyo, which was covered with sandstone of 100 m
water equivalent. The average of neutron background
rate was about 4/h.

2.2 Electrolysis

The cell used in this work was made of quartz glass
of 22 mm in inner diameter and 150 mm in length. The
anode was a coiled shape made of a platinum wire of 0.5
mm in diameter and 500 mm in length. The palladium
cathode electrode of 5 mm in diameter and 20 mm length
was placed in the center of the platinum wire. We used
an electrolyte as 2N DC1(37 wt% with 99% D; Aldrich
Chemical Company, Inc.) of deuterated methanol (99.8
atom% D; ISOTEC Inc.) solution, whose freezing point was
lower than 200 K.

The electrolysis was continued unexchanging the
electrode but exchanging the electrolyte for about 2
weeks, because methanol was resolved into formaldehyde
and formic acid which froze under the low temperature

condition. The electrolysis was carried out with
constant current mode which was repeated between -113.2
mA/cm“ for 170 min. and -0.14 mA/cm“ for 10 min. The

total electrolysis duration was 1878 h, and the tempera-
ture of the electrolysis bath were kept at about 210 K.
The amount of absorbed deuterium was estimated by
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the measurements of thermogravimetory (TG) and tempera-
ture programed desorption (TPD) spectra of mass number
2. In our electrolysis condition, the average ratio of
deuterium was Pd:D=1:0.7.

3. Analysis and results

We studied the frequency distributions of the neu-
tron count during the electrolysis of each time inter-
val. The expected frequency distribution was deduced
from the Poisson distribution substituting the average
and the total counts of the time interval.

Searching from the time interval from 28.6 ms to 240
min, almost all the time interval frequency distribu-
tions were fit to the Poisson, but some anomalous events
were observed in 120 and 180 time intervals (Fig. 1).
They were one event of 22 counts/2h, which occurred at
31.01 days after the beginning of the electrolysis and
two events of 27 counts/3h at 62.14 and 82.17 days,
respectively. The pulse height distributions of the
three events were similar to that of the 252Cf source
data (e.g. fig. 2 shows the distribution of 22/2h
train). Thus the counts of these events can be decided
as the neutron signals. The neutron signals of these
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events were distributed over the time duration (e.g.
fig. 3 shows the time distribution of 22/2h train).
This time distribution indicates that these emission
phenomena is not both a continuous process during the
electrolysis, and burst process.

Table 1. Summarize of the excess neutron emission.

No. | tp/d td/h (o} P m n EX10'24
(PXm) | /d-d/s

1 31.01 2 22 |0.00013 | 939 0.12 6.3
2 62.14 3 27 | 0.00066 | 626 0.41 4.5
3 82.17 3 27 | 0.00066 | 626 0.41 4.5
Sum of 8 76 - == I @921 4.9
three events

Total 1878 7437

observation |90/d | 3.96/h

tp:passage time, td:duration time, C:counts of neutron,
P:probability, m:sampling number, n:frequency of appear-
ance, E:emission rate.

A statistical analysis of these three events were
summarized in table 1. TQﬁfe productionziate of the 22
and 27 counts were 6.3X10" and 4.5X10"“%/d-d/s during
2 and 3h, respectively. The confidence levels of
neutron emission for 22/2h and 27/3h were 88% and 59%,
1 espectively. For the total of the three trains, the
confidence level became 98%.

Since the anomalous neutron emission intermittently
occurs and continued a few hours, we will consider that
the possible process of the neutron emission phenomena
maybe related to the accumulation of stress and the
creep mechanism of cathode material.
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Abstract

Search for fast neutrons from the electrochemically loaded Pd-D system at room
temperature was made in order to study the possible d+d fusion there. A low-
background high-resolution Ge detector surrounded by neutron scatterers was used
to investigate the fast(1~5 MeV) neutrons. The neutron flux was obtained by mea-
suring ylelds of the ~v-rays following inelastic scattering of the fast neutrons from
nuclei in the scatterers. The observed spectrum shows no statistically significant
excess of the y-rays above background. The upper limit on the fusion rate was
obtained as A\; < 1.6:107?* (ddn)fusions / [(dd pair) sec].

1. Introduction

Nuclear fusions such as d+d, d+t and others are strongly inhibitted at room tem-
perature by the Coulomb barrier because the relative kinetic energy (temperature)
is far below the barrier. The nuclear fusion at room temperature. however. might
be much enhanced if the effective Coulomb barrier could be reduced slightly by
possible modification of electric fields in the solid(metal) state[1-3]. This is the so-
called cold fusion, in contrast to the hot fusion at high temperature. The hot fusion
has been well established experimentally and theoretically since many decades in
nuclear physics, and since many years in plasma physics. On the other hand there
are no strong experimental evidences for the cold fusion so far.

[t is crucial for experimental studies of the nuclear fusion to investigate the
nuclear reaction products such as n, p, *He, and *H. Observation of just the heat
(energy) excess in the macroscopic system does not prove the nuclear fusion at all
since many chemical and solide-state contributions are hardly excluded as possible
origines of the heat.

Many experimental surveys for the possible cold fusions have appeared, some
supporting[4-8] and others disproving[9-15] the finite fusion at the room or cold
temperature. Among them, search for the neutrons is one of most straightforward
ways to prove the nuclear fusion since they arises only from nuclear reactions. Ex-
perimental studies of the neutron, however, are difficult because it has no charge.
Recently we have suceeded in developing a new type of the high-sensitive detector
for fast neutrons. [t is very important to investigate experimentally the limit on
the d+d fusion rate by using the new technique.

The present work reports the search for the fast neutrons fromn electrochenucally
loaded Pd-D system at the room temperature by means of the new detector. The
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unique point is to use a high energy-resolution Ge detector to measure the fast neu-
trons. The principle is to measure the energy spectrum of v-rays following inelastic
scattering of the fast neutrons. The detector is sensitive to only the fast neutrons,
and the 7-ray shows up as discrete peaks, corresponding to the nuclear excitation
energies, in the continuum background spectrum. Consequently the signal can be
clearly identified. The details of the detector has been given elsewhere[16].

2. Electrochemistry for the Pd-D system

The Pd-D system was made electrochemically by using Pd and Pt electrodes in the
electrolysis of D,O. The electrochemical cell was a cylindrical polyethylene bottle
of 70mm in height and 60mm in diameter. The cathode was a massive palladium
plate, 50mm wide by S0mm long, with a thickness of 2mm. The total mass of this
electrode is 59.04g. The anode was made of two sheets of platinium samples, 50mm
wide by 50mm long, with thickness of 0.2mm and the spacing of cathode-anode
is 10mm. The two platinium sheets were mounted parallel to each other in one
electrolytic cell, as shown in the insert of Fig. 1. The platinium electrodes used in
the cell were spot-welded to a 0.5 mm diameter platinium wire.

The electrolyte was 99.9% pure heavy water(D,O) with 0.1M LiCl. The elec-
trolytic cell holded about 176.34g of the electrolyte. The top was closed except for
two holes with 3mm diameter to release gas pressure. The electrolysis was oper-
ated in a constant current of 0.7A. The applied electric voltage was about 8V. We
measured the weight of the Pd plate as a function of time during the electrolysis.
The weight increased gradually and finally saturated at the fixed weight as shown
in Fig. 2. The increase of the weight gives the total number of the deuterium atoms
in the palladium plate.

3. Neutron measurements

In the present experiment use was mace of the low- background Ge detector system
ELEGANTS IIi(s)(16]. The detector system ELEGANTS III(s), together with the
Pd-D electrochemical system, is shown in Fig. 1. The Ge detector used is the low-
background 171cm® pure Ge detector, which has been primarily used as a central
detector of ELEGANTS III{17,18] for measuring rare double beta decays of ™Ge.
The Ge detector is surrounded by 10cm thick OFHC (oxygen free high conductive
copper) and 10cm thick lead shield. OFHC is known to be quite free from radioactive
contamination, namely below the observable limit of 0.2ppb. The whole system is
covered by active shields of 15mm thick plastic scintillators to reject charged cosmic
rays. The electrolytic cell was placed in front of the Ge detector. The 16mm thick
Fe plate, as the fast neuton scatterer, was inserted between the detector and the
front of the cell, and the other Fe plate was also place at the backside of the cell(see
Fig. 1). The %Cu and %*Cu isotopes in the OFHC shield and the "Ge and ™Ge
isotopes in the detector itself were also used as the scatterers of the fast neutrons.

The efficiency of the neutron counter was measured by placing a *>>Cf source at
the position of the cell. The *2Cf source provided fission neutrons with intensity
of [L(E,)=104 per sec and with the averagy energy of E, ~ 2.5 MeV[16], which is
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Figure 1. Top view of ELEGANTSIIIs

Ge, PL, PM, Cu, and Pb are the Ge-detector, the plastic scintillators, the photomul-
tipliers, the copper shield(scatterer) bricks, and the lead shield bricks, respectively.
The insert shows the enlarged view of the electrolytic cell(C) with the front and
back iron scatterers(Fe). A and B in the cell are the Pt anode sheets and the Pd
cathode plate, respectively. The enlarged view of the electrochemical cell is show in

the upper part
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Tablel. Limits on cold fusion rates in Pd

Scatterer | y-energy | Efficiency | Rate (dd fusion)

(keV) (x107%) ( n/dd sec)
%Fe 846.8 3.3+0.2 <2.4x107%
"Ge 595.8 | 2.940.3 | <3.2x107*
2Ge 691 1.6+0.3 <50x 107
83Cu 962.1 0.7+0.1 < 6.4x107%

669.6 1.0£0.1 <51x107*
SCu 1115.9 0.3+0.1 <11x107%
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Figure 2. The weight of Pd plate as a function of time during electrolysis. Closed
circles show no increase of the weightif the current is off, diamonds show increase of
the weight from the begining of electrolysis and the increase of the weight saturates
at the fixed weight, and squares show the decreasing of the weight after the current

off.

same as the neutron energy from the d+d fusion. A 15mm thick lead plate was
inserted between the 2°2Cf source and the Ge detector to absorb ~-rays from the
22Cf source. Fig. 3(A) shows the energy spectrum of v-rays following inelastic
scattering of neutrons from the *2Cf source. Overall efficiencies were obtained as
k(v2)=1(Va)/In(E,), where I(7,) is the peak yield in unit time interval of t=1.
The obtained values are given in Table 1. The efficiencies k(+,) are of the order
of 107*. In order to estimate the minimum neutron flux S,(E,) to be detected
by the present neutron counter we require the condition that the y-ray peak yield
Y (E.)=k(7.)-Sn(E,)t in a time interval ¢ exceeds the fluctuation of the background
I,(BG) -t in the y-ray spectrum. The minimum neutron flux to be measured is
S(En)z\/fy(BG)t//c(vn)t. For the 847 keV -ray following the first 2% state in >®Fe,
I,(BG) is about 5.5x107° cps in the y-ray peak region. The minimum neutron flux

to be detected is given by S,(E,)=24.7/v/t with S, and t being given in unit of sec.
It is 3.2:107% neutrons/sec for t=6.0x 10°sec.

4. Results

The measurement was made for 471 hours of the electrolysis. The average number
of the deuterons loaded in the Pd metal was obtained as 0.6 x 3.45 x 10% from
the measured excess of the Pd weight. The measured ~v-ray spectrum is shown
in Fig. 3(C). Before the electrolysis, we also measured the background spectrum
from natural radioactivities in the detector system including the scatterers and the
electrolytic cell, as shown in Fig. 3(B). There are no significant excess of counts due
to the electrolysis at the peak positions of the y-rays expected from the inelastic
neutron scattering.
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The reduced upper limits on the fusion rate are summarized in Table 1. Com-
bining all data listed in Table 1, the upper limit on the fusion rate is obtained as
1.6:107%* (ddn) fusions / [(dd pair) sec).

5. Summary & Discussions

Search for neutrons from any possible deuteron-deuteron fusion during electrolysis
was made by using a low background Ge detector. It is emphasized that the present
method looking for sharp y-ray peaks is sensitive to only fast neutrons and thus
useful for separating the signal from the continuum background(noise). The upper
limit of 1.6-107%* (ddn) fusions / [(dd pair) sec] is derived. It is one of the severest
limits among the recently published results. In fact there are several works which
claim finite d+d fusions at the room(cold) temperature. Most of them, however,
do not detect directly the fast neutrons nor the neutron energy. Since detection of
low-intensity neutrons are rather hard, it is essential to use simultaneously various
types of detectors for measuring the neutron energy at several different positions.
The present detector, which is a very low-background/noise system sensitive to the
fast neutrons from the d+d fusion, is strongly reccommended to be used for checking
possible d+d fusions if any.
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Statistically Significant Increase in Neutron
Counts for Palladium Plate Filled with Deuterons
by Electrolysis

Masanori FUJIWARA and Koichi SAKUTA

Electrotechnical Laboratory
1-1-4, Umezono, Tsukuba, Ibaraki 305
Japan

ABSTRACT

The comparison of the neutron count rate was ex-
ecuted among the Pd states different in the absorbed
deuteron amounts. Charge and discharge of deuterons to
the Pd plate was repeated cyclically by electrolysis.
Highly significant difference of 1% level in statistics
was observed between filled and emptied states in one
sample among the four samples tested. This excess
neutron count rate corresponds to the fusion rate of 0.8
X 10723~ 3.2% 10722 fusions/deuteron pair/sec.

1. Introduction

As the mechanism of the cold fusion phenomena, the
fracto-fusion mechanism was proposed®®’ ¢*?>, In this
theory, a strong electric field generated by a crack in
the metal induces a local nuclear fusion. Failures 1in
the reproducibility of experimental results can be ex-
plained by this theory‘®’. Recently, Arata and Zhang®*’
reported the positive results using a complex cathode
formed by plasma spraying, which contains plenty of
microscopic defects.

We adopted an alternating electrolysis, in which
charging and discharging of deuterons to the palladium
plate were repeated cyclically. This method is expected
to enhance the generation of cracks.

2. Methods

The neutron count rate was measured during the al-
ternating electrolysis of D=0 with Pd/Pt electrodes. Two
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SHe proportional counter tubes were used for the neutron
detector. In order to shield background neutrons, all
the electrolytical devices, ®He counters and water tanks
for neutron thermalization were covered with cadmium
plate and set in a pile of water tanks, measured 1.5%x
1.2Px 2.3%® (m). The efficiency of the neutron measure-
ment was about 1.6%.

For the noise discrimination in the neutron
measurement, the wave form data of ®He amplifier output
was analyzed using wave form analysis. Neutron signals
were specified by the pulse height analysis.

The size of the Pd plate of 99.9% purity was 50x 12
X 0.1 (mm), which was surrounded by 4 turns of Pt wire
of 0.5 mm diameter. D=0 solution of about 0.1 mol/1l LiOD
was used as the electrolyte. One cycle of the
electrolysis consisted of 4 different stages, 2 hours
each, totaled 8 hours. Each stage was classified by
the Pd states of deuteron absorption, that is, Pd was @
being charged, @ filled, ® being discharged and @
emptied with deuterons. Each stage was a constant cur-
rent electrolysis with different current. It was @ 264
mA (22 mA/cm2), Pd negative, @ O mA, @® 104 mA (8.7
mA/cm2), Pd positive and @ O mA, respectively. The D/Pd
ratio in the stage @ was estimated about 0.77. It was
measured by discharging all the deuterons in the Pd
plate under the gas generating voltage.

3. Results

Hitherto, 4 Pd samples were examined. The results
of each sample are summarized in Table 1. The averaged
count rate of the sample 4 is decreased because of the
rearrangement of the apparatus. To make the difference
among the 4 stages clear, the accumulated differences of
neutron counts for each sample are shown in Fig.1. In
this figure, the difference from the stage @ (emptied
state) are plotted. These data suggests an abnormal in-
crease of neutron counts for the stages @® and @ in
sample 1.

4. Discussion

Statistical analysis was executed for these
results. Following the standard statistical procedure,
the difference of the averages was tested using t-
distribution. In Fig.1l, the 1% level of significance in
the one-sided t-test are plotted by the dash-dotted
line. It is indicated that the increase in the stage ©@
of sample 1 compared with the stage ® is highly sig-
nificant in 1% level of significance. It's power of test
is 90%. The 90% confidence interval of the neutron count
rate difference 1is estimated to be 0.8 ~ 3.2



Table 1. Summary of experimental results.
SAMPLE 1|SAMPLE 2|SAMPLE 3|SAMPLE 4
TOTAL RUN TIMES 46 35 36 67
STAGE 1 2394 1760 1750 2715 |TOTAL NEUTRON COUNTS
(CHRAGING) 26.0 25.1 24.3 20.3 |AVERAGED COUNT RATE
STAGE 2 2432 1748 1823 2781 (COUNTS/HOUR)
(FILLED) 26. 4 25.0 25.3 20.8
STAGE 3 2280 11117 1776 2721
(DISCHARGING) 24.8 24.5 24.1 20. 3
STAGE 4 2243 1744 17917 2784
(EMPTIED) 24.4 24. 9 25.0 20. 8
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Figure 1. Accumulated neutron count dif-

ference from the emptied state.
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counts/hour. This corresponds to 0.8x 10723~ 3.2x 10~ %2
fusions/deuteron pair/sec.

It is also indicated that the increase of the stage
@® of sample 1 compared with the stage @ is significant
in 5% level of significance. In the stage @ , the ef-
fective charging is almost finished in the first 3(
minutes. Therefore, it is reasonable that the feature of
the stages @ and @ is similar.

The analysis of variance was also applied to the
results of sample 1. As a result, the homogeneity of the
average count rate of each stage was denied with 2.5%
level of significance.

No significant difference was found outside the
neutron characteristic region of the pulse height
analysis. The number of counts in this region is toc
small to analyze with the same statistical precision.
But it confirms that the increase of the signal in the
stages @ and ® was due to neutrons, because the
pulse height spectrum as well as the wave shape cor-
responds to the characteristics of neutron signals.

In order to consider the influence of the atmos-
pheric pressure on the background neutron count rate,
the average atmospheric pressure was compared for each
stage. No difference requiring further consideration was
recognized.

However, the reproducibility is not yet confirmed.
No significant difference was found in the experiment of
samples 2, 3 and 4. It cannot be denied that the data of
the sample 1 was obtained by chance. Therefore, further

experiment is required to confirm the cold fusion
phenomena.

5. Conclusions

Four Pd samples were tested with alternating D=0
electrolysis. One sample indicates highly significant
increase of neutron counts for the deuteron filled
state. The level of significance is 1% in statistics.
The excess neutron count rate corresponds to the fusion
rate of 0.8x 1023~ 3.2x 1023 fusions/deuteron
pair/sec. Other samples indicate no significant
deference. Further experiments are necessary to confirm
the reproducibility.
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Detection of Neutron and Tritium during
Electrolysis of D2S04 - D20 Solution

Osamu MATSUMOTO, Kan KIMURA, Yuko SAITO, Haruo UYAMA,
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Department of Chemistry, Aoyama Gakuin University
Chitosedai, Setagaya-ku, Tokyo 157, JAPAN

ABSTRACT

During the electrolysis of 0.5 M D2S04-D20 solution
using Pd as a cathode material and Pt as an anode materi-
al, the emission of neutron was detected by means of the
fission track method and the production of tritium was
investigated with the liquid scintillation method.

The neutron emission rate was estimated to be compa-
able with natural abundance of neutrons at the surface of
the earth which was 2 neutrons cm—2 s-1 estimated by fis-
sion track method comparing with the neutron radiation
from the 241Am-9Be neutron source. The tritium production
wate was estimated to be 104 T atoms cm=2 s~! in the Pd
metal used as the cathode materials by the liquid scintil-
1at102 ,ethod. The branching ratio (T/n) was estimated to
be 10%.

1. INTRODUCTION

Branching ratio of tritium production rate to neutron
emission rate in the d-d nuclear reaction was estimated
to be 108 in ghe discharge of Do gas prepared using plasma
focus device?’ and this was reported to be 107 in the
electrolysis of LiOD-D,O solution3’. We have measured the
neutron emission rate and tritium production rate using
fission track method and liquid scintillation method,
respectively, during the electrolysis of DpS04-D,0 so-
1ution2). In this case, it 1s necessary to obtain the
correlation between the fission track number and the
absolute neutron emission rate. The relation between the
neutrgn fluence and fission track density was estimated
using Am-9Be neutron source to determine the absolute
neutron emission rate.
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In the present paper, some results obtained during
the electrolysis are reported and the branching ratio
(T/n) is briefly discussed.

2. EXPERIMENTAL

The electrolysis of 0.5 M DpS04-Dp0 solution was
carried out for 5 h using Pd as a cathode material and Pt
as an anode material. During the electrolysis, the emis-
sion of neutron was detected by means of fission track
method. After the electrolysis, the B-ray radiation from
the electrolyte and Pd used as the cathode material was
measured by liquid scintillation method using scintil-
lation counter (TRI-CARB 2500TR). The experimental proce-
dures were determined in detail in the previous paper‘2 =

3. RESULTS

In the neutron detection during the electrolysis of
0.5 M DpS04-Dp0 solution and 0.5 M HpSOy4-HpO solution
using Pd as the cathode material, the fission track methc
was applied in order to investigate the effect of the
electrolyte solution on the neutron emission. The results
obtained are given in Table 1.

Table 1 Fission Track DEnsity Observed in Fission Track
Detectors in the Electrolysis

Electrolyte Detector Track densitya) B/A
(cm=2)

D2S04-Dp0 Dummy 23 (A) 2.6

______________ Electrolysis 60 ¢(B)

HpS04-Ho0 Dummy 12 (A) it 3

Electrolysis 16 (B)

a) A fluctuation of neutron levels was observed in some
dummy detectors. This may be due partly to slightly
difference in treatment conditions. These conditions
were the same in set of detectors in each experiment.

The number of fission tracks detected in the detect
after electrolysis of D2S04-Dp0 solution was 2.6 times
higher than that in the dummy detector, though the track
density observed after the electrolysis of H2S04-H,0
solution was 1.3 times larger than that in the dummy de-
tector. The increased track number in the electrolysis o:
D2504-D20 solution would be due to the (n,f) reaction of
235U by impinging of neutrons emitted during the elec-
trolysis. The tracks observed in the dummy detector woulc
correspond to the natural abundance of neutrons.
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The relation between the neutron density and the
track density was estimated by the determination of the
relation between the neutron fluence from the 241Aam-9Be
neutron source and observed fission track density. The
linear relation was obtained between the track density
and the neutron fluence. One fission track corresponded
to 107 neutron fluxes. The natural abundance of neutron
was determined using fission track method and it was es-
timated to be 1.9 neutrons cm~2 s~l. This is approximately
equal to that reported by Hess et all), Comparing the
results obtained during the electrolysis of D25S04-D20
solution and H2504-H,0 solution with the natural abundance
of neutron, the neutron emission flux during the elec-
trolysis of DESO4—D20 solution is estimated to be 2 neu-
trons cm—2 s~ 1,

The B-ray radiation from the electrolytes and cathode
materials after the electrolysis was measured by means of
the liquid scintillation method. In the first case, the
B-ray radiation from the electrolytes of D25S04-D20 solu-
tion and H2S04-Hp20 solution was measured before and after
the electrolysis. The second one is the measurement of
the B-ray radiation from the Pd plate used as the cathode
materials in the electrolyses of DpS04-Dp0 and H2S04-HpO
solutions. The results obtained are given in Table 2.

Table 2 B-ray Radiation due to Tritium
Formation during the Electrolysis

Sample cpma} dpma)
H2S04-Ho0 (b)1) 0 0

e k@)2) 6.47 ___13.77
D2S04-D20 (Db) 117.92 235.84
e Sa) o 193.82 _____ 387.64_____
Pd (b) 0 0

Pd (H2504-H20)3§ 3.85 9.17

Pd (DpS04-D20)

1) Before electrolysis, 2) After electrolysis,
3) After electrolysis in HpSO4-HpO, 4) After
electrolysis in DpS04-Dp0, a) Sampling 3 ml

From the results given in Table 2, the activity and
the increment of tritium by the electrolysis of D»504-D,0
solution were estimated as given in Table 3. The tritium
production rate in the D»S04-D20 solution durin% the
electrolysis is estimated to be 104 T atoms m1-I s=1. on
the other hand, the production rate of tritium in the Pd
electrode during the electrolysis of D2S04-D20 solution
is estimated to be 104 T atoms cm—2 s-1
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Table 3 Estimated Activity and Increment of Tritium
during the Electrolysis

Sample Activity Increment of Tritium
(Bq m1-1)

H,S04-Hp0 (b)1) 0 2.5x103 atoms mi-1 s-1
H5S04-H-0 (a)2)  o0.08
D»S04-D0 (b) 1.31 2.7x104 atoms m1~1 s-1
DoS04-D0 () ~~ 2.156
Pd (b) 0 3.2x103 atoms cm2 s~1
Pd (HpSO4-H,0)3) ©0.25
Pd (b) y O 2.3x10% atoms cm~2 s-1

Pd (D2504-D,0)% 1.09

1), 2), 3), and 4) are used as the same symboles in
Table 2.

4. DISCUSSION AND CONCLUSION

The emission rate of the neutron during the elec-
trolysis of D2S04-D»0 solution was estimated to be 2
neutrons cm—-2 s-1 by means of fission track method con-
necting with the neutron emission from the 241 Am-9Be
neutron source. The triyium production rate in the Pd
used as the cathode material diring the electrolysis of
D25S04-D20 solution was estimated to be 104 T atoms cm-2
s—1.

The considerably large amounts of tritium observed
in the Pd used as the cathode material in the electroly-
sis of DpS04-D20 solution would be formed by the d-d
nuclear reaction, even if the increment of tritium in
the electrolyte should be due to the enrichment of
tritium during the electrolysis.

In conclusion, the branching tatio (T/n) estimated
in the present experiment is 1 4 like that in the elec-
trolysis of LiOD-D20 solution3).
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Production of Neutron and Tritium from D20
Electrolysis with Palladium Cathode

G. Y. FAN, X.F.WANG, G.S.HUANG, H.Y.ZHOU, Z.E.HAN, Z.D. WU-
Institute of Low Energy Nuclear Physics
Beijing Normal University, Beijing 100875

China
ABSTRACT

Anomalous neutron burst and an increase in tritium
concentration were observed simultaneously from heavy water

electrolysis with palladium cathode. Considered with previous
experiment results, we presumed that production of neutron
and tritium from D,0 electrolysis depends heavily on the
constitution and the state of each cathode.

Keywords: electrolysis, palladium, neutron, tritium

1. Introduction

Since first reports on cold fusion [],2], a great number of
experiments have been done for verifying these phenomena. Many
new positive results have been published which confirm that the
claims of cold fusion can not be pushed aside quite easily.
However, most of laboratories were not able to reproduce the
observations controllablly, It has been realized that some
features have not been discovered.

*Department of Chemistry, Beijing Normal University
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Previous experiments from our laboratory have been
reported by Zhou, H.Y, in which a neutron spectrum has been
measured from D,0 electrolysis with palladium ecathode.

Experiment results showed that only one type of palladium
tubule which we used in electrolysis experiment 1is favourable
for cold fusion. It will be most interesting to understand the
influences of the constitution of material. Repeat experiments
have been done in order to verify this assumption.

2. Experimental Aspects

Experimental details regarding this experiment were
described previously(3] and will not be elaborated here. Only
gsome important parts would be explained following. In this
electrolysis experiment, cathode is a palladium tubule which
was used as a deuterium gas filter for a long time. Before we
used, no special treatment was done for it except a normal
cleaning. Palladium tubule was put in the center of a teflon
tube with holes. The diameter of teflon tube was 10 mm. Platinum
wire which wound around the teflon tube was used as an anode.
The liquid scintillator which was used as a neutron detector
was shielded with 30em thickness of lead and paraffin, In order
to regulate the background, n- v discriminator was well
adjusted, and put to the test of stability for several days. The
equipments worked quite stably. The average counting rate for
background was about 75 counts/hour,

The experiment lasted for five days. The electrolysis
current is about 130 mA. The sorrounding temperature always
kept at 21° C+1° C. During the experiment, the temperature
measured for reaction cell was shaking around 23° C.

3.Results and Discussion

Experiment results are interesting. Anomalous neutron burst
has been observed in this experiment. The details of mneutron
burst detected were listed in table 1. It is obvious that the
counting rates were higher than the average counting rate
of background, the variables were beyond the statistical
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fluctuation, Compared with previous experiment results[3] , the
burst pulses lasted too short time. Amount of neutron detected
was significantly small

Table 1. The details of neutron burst

Event No. Time (a) Counting rate (n/min)
1 20h 05 m 317
2 3 h 02 m 17
3 39h 12 m 9
4 40h 09 m 19
b 42 h 39 m 14

a. referred to starting time of electrolysis (t=0).

An increase in tritium concentration was found in the
electrolyte after electrolysis with heavy water and palladitm
cathode, The measurement was taken by comparison bhetween two
samples. Sample | was 10 ml electrolyte which was taken before
the electrolysis, Sample 2 was get from reaction cell after
electrolysis. A scintillation counter PACKARD 2250 was used to
measure the concentration of ¢tritium in electrolyte. The
measurements for two samples were performed under the same
conditions and repeated for several times., The data showed that
tritium concentration in sample 2 was systematically higher
than in sample 1. The average deviation between two samples was
about 3 percent, then the statistical error was | percent.
Quantitative analysis has not been carried out.

We wanted to make a discussion considered with previous
experiment results. In our laboratory,electrolysis experiments
with heavy water have been done for more than fifty times,
using different cathode materials. There were only four
experiments (including this one) that we have observed
anomalous neutron bursts (among them, there was some doubt for
one experiment)., Although the behaviours observed for neutron
burst are different, one interesting point is that the palladium
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tubules were from same type, and were used as deuterium gas
filters for a long time. Another point is that if we compared
our experiments with others, the time 1is different when
anomalous neutron burst happened. In our experiments, the first
burst happened about 20 hours later after electrolysis starting
It was much shorter than others, It led us to presume that
whether those palladium tubules have already concentrated
deuterium in lattice since it laid in deuterium gas for a long
time, If it is 8o, a new experiment design have to be done.
However, it seems to be early to conclude this question,
Systematically and critically analyzed experiments will require
to make a true understanding of the phenomena.

4, Reference
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(3) Zhou Hongyu, et al., Proceedings of the I Annual
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The FERMI Apparatus and a Measurement of
Tritium Production in an Electrolytic Experiment
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ABSTRACT

FERMI is a 7 BF3, 2 3He apparatus with high detection
efficiency for moderated neutrons,pulse shape acquisition
and good sensitivity to neutron bursts; it also performs a
good statistical reconstruction of the average neutron e-
nergy. Gamma rays are detected by a complementary low back-
ground Nal detector. The total neutron background measured
by the apparatus in the Gran Sasso INFN underground labora-
tory amounts to 0.09 Hz.

A few different experiments have been performed with
the same detector (see also the following contribution) .

A D30-LiOD electrolysis with Pd cathode has been rea-
lized with emphasis on the cleanliness of all components.
D2 and O, produced gases were recombined using a room tem-
perature catalyzator and the resulting water was monitored
twice a day for tritium content; the same was done for
samples of the electrolytical solution.

Loading the Pd with variable currents, an elongation
of 130 U m (with much larger radial broadening)was observed
in the first few days accompanied by a 60-100 % tritium ex-

cess detected in the recombined water. The measured neutron
rate in the same period was consistent with the background.

L. Introduction, The apparatus.

Unambiguous detection of nuclear ashes is fundamental
in cold fusion studies. Neutrons,protons,tritium and gamma
rays can be individually detected in principle,with larger
difficulties for protons. We have set up an apparatus to
detect neutrons,gammas and tritium. The name FERMI means
(in italian) "Electrochemical Fusion with Interdisciplina-
ry dedicated Research" and refers to the collaboration of
specialists in different branches.

A cross section of the apparatus is shown in fig.l. In
a big structure of poliethylene moderator seven large BFj3
(2 m long) proportional counters are imbedded. In an inner
gap two 3He are aside of a longitudinal bogie allowing to
extract the samples. A big NaIl crystal equipped with a spe-

FRONTIERS OF COLD FUSION
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Transverse
view of the
FERMI
apparatus

cial low noise photomultiplier, closes the gap axially.

The electronics provides per each counter 1) 100 MHz
counting, 2) pulse height analysis, 3) full pulse shape
acguisition within 500 usec (for high multiplicity events).
This redundancy allows internal cross checks, discrimina-
tion of neutrons from other particles, oscillations and
discharges and time resolution from a few HUsecs (same coun-
ter) to zero (different counters). A full automatic acqui-
sition 1s performed, including timing for every event.

The detector has been fully simulated by Monte Carlo
method (MCNP code), including the moderation and interac-
tion of neutrons. Comparison with various experimental data
has been used to improve the reliability of the simulation,
which then has been used to compute the efficiency and to
optimize various parameters. The thickness of poliethylene
in front of every neutron detector (including grains in the
cylindrical gap of counters S5 and 7) has been optimized to
obtain the maximal efficiency and energy dependence of 1t
(fig.2). This way the 9 rates provide a statistical recon-
struction of the average energy of the neutrons by a like-
lihood algorithm. The final resolution is Op/E=(16+2) /YN
(N=total number of detected neutrons).
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To summarize, FERMI's "virtues" are: 1) high neutron
efficiencies in a wide range; 2) good energy resolution;



3) 1ow background (0.09 n/sec in the Gran Sasso tunnel); 4)
good time resolution and sensitivity to bursts; 5) gammas
and tritium detection; 6) multihit feature (we have obser-
ved events with up to 16 neutrons); 7) redundancy; 8) au-
tomatic acquisition (including pulse shape); 9) slow con-
trols acquisition (temperature, pressure, voltages); 10)
full MC simulation (tested).

2 1

We have designed the cells for electrolysis with spe-
cial care of the cleanliness from impurities,the minimiza-
tion of systematic errors and the possibility to measure
tritium content both in the solution and in the gas. A
sketch of the cells is shown _in f£§.3. The cells body is

1) Pd cathode

2) Teflon cell

3) Entrance 0,0

4) Reference electrode

S) Thermical sensor

6) Mechanical comparator
7) Pt electrode (fine net)
8) Condensation spiral

9) Hole for D,0 pickups
10) Cathalyzator

11) Exit for recombined solution
12) Exit for pickups

13) Mechanical structure
14) Pd mechanical blocking

Fig. 3

made of teflon and the electrodes (including the extremi-
ties of the Pd cathode) are made of Platinum, to avoid
contamination of the Pd sample. The samples (three cylin-
ders 2.5 cm high and 4 mm diameter) were degassed in va-
cuum (~10-5 Torr) at 650 °C. The Pd temperature is measu-
red by a thermocouple directly on the electrode.

The solution is D0-LiOD 0.1M and is continously pro-
vided by a peristaltic pump. The level is kept constant by
the hole at right: the excess solution drops in a small
container and the gases flow through a serpentine to a
vessel where a room temperature catalyzator recombines Dj
and Oy with 100% efficiency. The recombined water drops 1in
a temporary container. Both excess solution and recombined
water are sampled twice a day for tritium measurements.

The loading of Pd during the electrolysis has been
monitored for cell D only, by measuring the elongation of
the electrode by a micrometer.

Three cells were individually supplied with current
densities up to 300 mA/cm?. The cells were inserted in
FERMI's longitudinal gap and all relevant variables were
automatically acquired by computer. The electrolysis las-
ted about one month, using different current densities.
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3. Results

After an initial loading, giving 130+5 um elongation
(together with a much larger radial broadening at center)
the length of the monitored electrode came back almost to
the original value (see bottom of fig.4). At top of fig.4
we report the measured activity of the samples: the let-
ters indicate the three cells, capital for recombined wa-
ter, small for solution. We find, as expected due to the
isotopic effect in the ion mobility, approximate double
activity for the solution respect to the recombined water,
but for the four measurements in coincidence with the
elongation (loading). Here we find an excess of 60% for D
and 100% for A (C was not yet measured, unfortunately).

SRS T TR L R ML N
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currgn? 75 B i 5
densities are 5.0 -3 x
indicated. gg =) . I
Timleo[days] 13 el -‘!i

In order to check that the tritium was not accumula-
ted originally in the catalyzer itself, we measured its
activity separately. The result has been negative, with
upper limit .050 Bg/cm? at 50 level. Other sources of tri-
tium are very unlikely.

The neutron rate measured during all the experiment
was consistent with background. The ratio of produced neu-
trons over the excess tritium atoms is lower than appro-
ximately 107, in agreement with other results [1].

4. Conclusions

We have observed a clear tritium excess in recombined
water from two samples of degassed Pd. The excess happened
in coincidence with a clear elongation and enlargement of
the monitored sample. The effect is not due to previous
enrichment of the catalyzer.

We are analyzing the data of the temperature of the
samples and of the gamma rays detected in the same period.

Reference

1) Storms, E.,1991,_Fusion Technology 20, 433.



507

Time-Evolution of Tritium Concentration in the
Electrolyte of Prolonged Cold Fusion Experiments
and its Relation to the Ti Cathode Surface
Treatment
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Universidad Auténoma de Madrid

Cantoblanco 28049, Madrid

SPAIN

ABSTRACT

Tritium concentration in the electrolyte has been carefully
monitored in more than twenty electrolytic cold fusion experiments
accomplished in open cells. In order to distinguish between T-natural
enrichment (isotopic enrichment) and any other T source inside the cell
a macroscopic theoretical model is proposed to analyze the experimental
data. It is concluded that T-concentration variations in the
electrolyte above the level due to natural enrichment can be detected
with confidence and therefore that open-cell experiments are convenient
to investigate T-production. In addition, some empirical correlations
between model parameters (measured separation factors) and cathode
surface treatments prior to experiment have been found.

1. Introduction

Most of our present knowledge on the processes at the cathode
surface and hydrogen.generation in an electrolytic ce!l has been gained
by conventional electrochemical experiments accomplished in short time
(from minutes to a few hours). Longer electrolysis like those in cold
fusion experiments will yield new problems in relation to the cathode
behaviour and the electrolysis itself. On the other hand, more
discussion is needed to elucidate whether cold fusion experiments with
open or closed cells must be accomplished. Closed cells may represent a
potential danger whereas results obtained with open cells are, in
general, difficult to be analyzed. In relation to T production in cold
fusion experiments with open cells some T goes out from the cells with
the produced gases and some difficulties may appear on determining
possible increases of its concentration due to the nuclear processes.
We have faced both problems in our current research. Some of the
conclusions obtained about T-production in electrolytic cold fusion
experiments and its relation to previous cathode surface treatments are
now presented.

FRONTIERS OF COLD FUSION
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2. Experimental

Main characteristics (materials and procedures) of our experiments
have been already published ( Fernandez et al. 1990). In all cases
electrolysis was carried out in open cells. Measurements of the
electrolyte T-content with a scintillation counter have been described
in the same paper and only a few details will be given now. Background
signal of our measurements is ~ 6 cpm per ml of electrolyte and
stability better than 27%. Electrolyte volume in the cells was in all
cases 75 or 150 ml. Daily sampling (2 ml) to measure T-concentration
was done. Before taking the electrolyte sample, the cell was -refilled
up to reach the original level in order to compensate losses due to
electrolysis and other processes. Sample taken was stored in a vial at
low temperature. Chemiluminiscence and other misleading phenomena were
eliminated. All Ti and Pd cathodes used in our experiments were treated
prior to the experiment. Details of the treatments will be given in the
text.

3. Results and discussion

According to our experimental characteristicc the following
conditions can be accepted to figure out an equation to describe the
evolution of T-concentration in the electrolyte:

a) We only consider kinetics cf T and D concentrations

b) Different processes contribute to remove electrolyte from the cell.
We accept that in all cases the amount removed is proportional to the
remaining electrolyte volume.

c) Permanent and continuous refilling of the cell was done to keep
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Figure 1. Model parameters (S and K1) versus refilling rate.
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constant the electrolyte volume.
d) T concentration is in all cases much smaller than D concentration.
Under these conditions the following equation can be obtained:

C(t)=S- Cr—(S- Cr-Co) - exp(-kT- 1)

where S=ko/kt and C(t) is the T concentration expressed trough the
number of counts per minute and ml., Cr are the counts of the refilling
electrolyte and Co those of the initial electrolyte (in most cases
‘Cr=Co). The parameter S will be called "macroscopic separation factor"
and it is an average of separation factors from different microscopic
processes. Therefore S is not directly comparable to microscopic
separation factors from other works. ko and kT are proportionality
constants between the loss-rate of D and T and their concentrations in
the remaining electrolyte. Both S and krt are obtained by fitting C(t)
to those experimental results where no nuclear process took place.

S values from experiments with Ti cathodes show consistent
results. In particular a proportionality relationship between (S+1)-kT
and the electrolyte cell refilling rate is deduced from the model and
is also well verified by the experimental data as shown in Fig.l.
Different S values are cbtained for the Ti cathodes according to their
nature and surface treatment prior to experiments (Fig. 2). The first
group (experiments 6,8 and 9) is formed by experiments accomplished
with electrolytic Ti-cathodes which were mechanically polished. The
second one (exp. 11,12 and 13) with the same Ti but chemically etched.
Finally in the third group (exp. ETil7 and 19) Ti cathodes from
commercial grade, cold rolled and chemically etched plates were used.

0.80
S values from the
Titanium Experiments
070+
g
< 060+
>
v
050
1 12|13} 17| 19
040 e e 9

Experiment #

Figure 2. Influence of cathode surface treatment on the S
values (see text).
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Figure 3. T-excess as measured in experiment ETi6

Finally, the result from experiment ETi6é has been analyzed
according to the proposed model and T production due to nuclear
processes has been detected and is shown in Fig.3. The total amount of
T-atoms produced in the full experiment was =2.5-10 .

4. References
ir: Fernandez, J.F. et al, 1990, AIP  Conference proceedings

no.228."Anomalous nuclear effects in Deuterium/solid systems", pp.130 -
14S. Provo, USA.
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The Change of Tritium Concentration during the
Electrolysis of D20 in Various Electrolytic Cells

Kew-Ho LEE and Young-Mok KIM
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ABSTRACT

The U-type and bell jar type electrolytic cells were designed using pyrex glass
and modified for recombination of gases with platinum catalysts. The electrolysis of
LiOD/D,0O in U-type cell yieldled more final activities in Pt/Pd system than Pt/Pt
system. Some electrolysis of LiOD/D,0 in PyPd showed the increase of T above
100%. The separation factor of D/T in electrolysis was not measured directly but
assumed 2~3 from literature. The increase of *T can not be explained with the isotope
separation effect.

But in the modified cells with recombination, the electrolysis yielded no
significant increase of final tritium activities in the total system. In this case,
recombined D,0 was collected separately and total >T activities were obtained by
combining this with residue in D,O electrolytes.

Finally, bell jar type closed cells were designed with recombination catalysts.
And palladium electrode was covered by different porous materials. After 10 days of
electrolysis with a change of current density, one cell showed the increase of *T
activities significantly.

I. INTRODUCTION

The cold fusion reactions were usually confirmed by detection of neutron
emission, and the production of tritium and heat.

This study is to observe the tritium which can be produced as a nuclear
product in palladium metals that were used as cathode in various electrolytic cells of
alkaline electrolytes by following reactions.

M+D - T+ H
(1.0 Mev) (3.02 Mev)

The production of tritium proves the existence of a nuclear reaction
unquestionably and the change of tritium concentration can be measured easily by
counting B activities in electrolytes with a liquid scintillation counter.

FRONTIERS OF COLD FUSION
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II. EXPERIMENTAL

Galvanostatic electrolysis was conducted in the water bath with different
cathodes and electrolytes at different current densities ranging from 50 to 1000 mA/cm?.

The different U-type and bell jar type electrolytic cells were designed using
pyrex glass and modified for the recombination of evolved gases as shown in following
figures.

500 4t of liquid electrolytes were withdrawn for tritium analysis from the cell
using a sterile syringe and B  activities of electrolytes were counted by liquid
scintillation counter.

X-ray, BET, ICP and SEM were used to analyze palladium electrodes before
and after reactions.

+

EEE] Pt/C catalyst
20000 electrolyte

iord
i
(c
+:Pt -:Pd
Fig. Electrolytic Cell of Cold Fusion Reactions
(a) U-type cell (open cell) (b) Modified U-type cell (closed cell)

(c) Bell jar type cell with porous materials

III. RESULTS AND DISCUSSION
1. The variation of electrolytes
Electrolysis in LiOD/D,0 (CF-3,4,5) yielded more final >T activities than
KOH/D,0 (CF-1) and LiOH/D,0 (CF-2) at the Pd working electrode in U-type
open cells (Table 1).
TABLE 1. Increase of *T concentration in U-type open cell after electrolyis in different
electrodes and electrolytes.

Cell Electrode Cell Current Before °T | After °T
Electrolyte Type| Density
Code |Cathode | Anode| (mA/cm®) | (dpm/ml) | (dpm/ml)
CF-1 Pd Pt | 0.IM KOH/D,0O A 60 - 600 120 140
CF-2 Pd Pt |0.IMLIOH/D,O| A 60 - 600 105 130
CF-3 Pd Pt | 0.IMLIOD/D,O| A 50 - 500 106 196
CF-4 Pd Pt | 0.IMLiOD/D,O| A 50 - 500 87 165
CF-5 Pd Pt | 0.IMLiOD/D,O| A 50 - 500 187 289
CF-8 Pt Pt | 0.IMLiOD/D,O| A 50 - 600 166 212
CF-9 G Pt | 0.IMLiOD/D,O| A 50 - 600 186 238
CF-15| Pt Pt 0.IM LiOD/D,0 A 50 - 500 129 132
CF-17| Pt Pt | 0.IMLIOD/D,O| A 50 - 500 124 146
CF-12| Pd pt | 0.IMLIOHH,O| A 50 - 500 25 29
CF-18| Pd Pt | 0.IMLIOH/H, 0| A 50 - 500 33 49




2. The variation of Electrolytes
Under the same electrolysis condition the increase ratio of *T at Pd (CF-34,5)
was larger than that of Pt (CF-8,15,17) and carbon electrodes (CF-9) (Table 2).

3. Blank Test
The electrolysis with LiOH/H,0O was run for the blank test to compare with
LiOD/D,0. Almost no increase of *T activities was observed even after long
peridos of electrolysis (CF-12 and CF-18 in Table 1).

4. The pretreatments of palladium
Torching, quenching, etching and mechanical hammering of Pd metals were carried
out. But this pretreatments gave no significant effect on the increase of T
activities in this study.

5. Modified closed U-type cell
U-type cells were modified as closed system to recombine the evolved gases by
Pt catalysts. (>98% recovery). As shown in Table 2, small increase of T was
observed but was considered within the error bound (CF-25,26) in the total system.
The small increase in remained electrolytes and the decrease in recombined D,0 were
observed
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Table 2. The total T activity in modified U-type closed cell before and after

electrolysis.
Cell Electrode Cell | Current |Before’T| After’T| Uf Rf
Electrolyte Density *1 *2 *3 *4
Code |Cathode Anodg Typg (mAjcm?)| (dpm) | (dpm) |(dpm/ml) (dpm/ml)
CF-24| Pd Pt O.]MLiOH/Dﬂ B | 50-500 | 1523 1545 171 82
(152)
CF-25| Pd Pt |0.IMLiOD/D,0 B | 50-500 | 1604 1626 191-241| 83-96
(160) | -1900
CF-26| Pt Pt |0.IMLiOD/D,Q B | 50-500 | 1391 1408 166-237|  74-83
o\ (139) | -1872
CF-27| Pd pt |0.IMLIiOH/D,Q B | 50-500 | 1391 1459 167 78
J (139)
B 1 : dpm/ml x initial volum (ml)
2 : Ufx Volum of remained electrolyte + Rf x Volum of recombined D,0
3 : Uf : T acitivity in remained electrolyte
4 : Rf : °T acitivity in recombined D,0

6. Bell jar type closed cell

Ordinary bell jar type cells with catalyst (F.Pcell type) were tested with variation of
Pd electrodes. Some Pd electrodes were covered with microporous materials, porous
vycor glass and porous ALO,/PS. In most cells no increase of *T activities was
observed except one cell in which Pd was covered with porous vycor glass. (CF-30).
This phenomenon was not reproduced. In this cell silica was dissolved from Vycor
and deposited on the surface of Pt electrode.
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Table 3. Increase of T concentration at different Pd electrodes in
bell jar type closed cell

Cell Electrode Cell Current Before *T | After T
Electrolyte | Type | Density
Code Cathode |Anode (mA/cm®)| (dpm/ml) | (dpm/ml)
CF-28 Pd Pt 0.IMLiOD/D,0| C 50 - 500 124 115
CF-30 Pd/Vycor Pt 0.IMLiOD/D,O| C 100 - 450 112 208
CF-31 Pd/Vycor Pt 0.IMLiOD/D,O| C 100 - 800 112 115
CF-32 Pd/Vycorn Pt 0.IMLiOD/D,0| C 100 - 900 124 120
CF-33 Pd/PS Pt 0.IMLiOD/D,O| C 100 - 600 112 127

IV. CONCLUSION
Even though the fusion reaction was not confirmed by the exponential increase of T,
the increase of *T activity was a real phenomenon during the electrolysis of LiOD/D,0
at Pd electrode in this study. And this increase could not explained only by the
concentration effect of D/T separation factor in electrolysis.
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Abstract

Three methods of tritium data analysis are considered — comparison between
experimental and theoretical data, total mass balance and curve-fitting.

1.0 Introduction

The evidence for tritium production in electrochemical cells, with few excep-
tions (Will et al, 1992), is based on measurements of tritium increase in the electrolyte
phase in excess of that predicted from the isotopic separation factor. Often, this en-
richment was computed under conditions of constant electrolyte volume which, in
turn, implies continuous additions and withdrawals, a somewhat unrealistic under-
taking. In those instances where the total tritium content at the end of an experiment
was ten times or more greater than what was present in the beginning, it cannot be
disputed that generation of tritium occurred. However, for low levels of tritium pro-
duction, care must be taken in the analysis, especially if open cells are used. In this
communication, we comment on the methodologies of analysis used and point out
their advantages and disadvantages.

2.0 Use of Simulated Data to Evaluate Methods of Tritium Analysis

To evaluate the methods of analyzing tritium, we needed data that would
show various degrees of tritum production and include measurements of both the
electrolyte and gaseous phases over a fairly long period of time. In addition there
could be no question of contamination of tritium from the cell, cell components or
outside environment or of erroneous tritium measurements resulting from chemical
reactions in the scintillator fluid. To meet all of these requirements, it was deemed
necessary to use simulated data.

FRONTIERS OF COLD FUSION
©1993 by Universal Academy Press, Inc.



516

2.1 Development of Model

In an open cell, a volume of electrolyte, 1/, is clectrolyzed. Throughout the
experiment, electrolyte is being withdrawn for tritium analysis and is being replaced.
Assuming sampling is instantaneous, for any given time the rate of change of tritium

in the electrolyte, %; on the recombining electrode, s, and in the gas phase, %,

X de
are given by: -
aly

at - —&(frmp)p — a(frmp)+ C (1)

ilfTR = &(frmp)p — a( frmr) — Er(fRMR) 2)
dT~

% = €&r(frmgr) — al frRMR) 3)

where £ and £g are the isotopic enrichment factor for tritium during electrolysis and
on the recombining electrode, respectively; a and C are the radio-active decay rate
and generation rate of tritium, respectively, both are in atoms sec™!; fr, and fg are
the mass fraction of tritium in the electrolyte and on the recombiner, respectively;
and ¢ = ﬂ;—glg where AMp,o is the molecular weight of D;0 and € is the Faradaic
efficiency. In this model the amount of D/T absorbed/desorbed by the Pd-electrode
and losses due to evaporation are not considered. Using these differential equations,
simulated data for tritium in the gas and liquid phases were calculated under condi-
tions of no production, low continuous production, continuous production near the
end of an experiment, and pulse production. In constructing these data sets, the total
volume was fixed at 50 ml; £ = 1.8; £g = 1.0, which corresponds to 100 % efficiency
of the recombiner; a = 250 atems sec™!; and Gaussian noise, with a 1 % standard
deviation, was superimposed on the calculated values. The simulated data for zero
and pulse production are shown in Figure 1.
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o o ©
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2y g £
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Figure 1. Simulated data for (a) zero tritium production and (b) pulse tritium
production. Solid lines are the liquid, L, and gas, G, phase tritium measurements
and dotted lines represent the cathodic current profile. Tritium production bursts, in
atoms sec™1, are indicated.
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3.0 Experimental Methods of Analysis

The methods of analysis fall into three general categories. In one method,
samples of the gas and liquid are taken, the tritium content is measured and compared
with the theoretical value. The second method is one of total mass balance. The third
method utilizes curve-fitting.

3.1 Method 1: Comparison of Experimental and Theoretical Values

Usually theoretical values for the liquid and gas phases are calculated using
the expression derived by Bockris et al. (Lin et al, 1990):

a(t) _
a0) = ¢

where a(0) and a(t) are the activity of tritium initially and at time ¢, respectively,
and n is the concentration of D,0. Equation (4) assumes a constant current, i, and
that the number of deuterium atoms far exceeds the number of tritium atoms. It also
assumes a constant volume, V; i.e., after electrolysis for a given time period, D30 is
added to restore the volume prior to sampling. The differential equations (1)-(3) were
solved for this experimental procedure to yield data sets under the conditions of no
tritium production, i=0.44, £=1.8, V=50ml, a(0)= 300 dpm ml~! and no Gaussian
noise on the data. These data sets were compared to the a(t) values calculated using
Eqn. (4). Without correcting for sampling, the data agree well with one another for
about one week. Afterwards, the values calculated using Eqn. (4) are much higher.
When sampling is included, there is good agreement up to the one month period at
which time the values calculated using Eqn. (4) were again larger.

- (€= 1) ean(pers) (4)

3.2 Method 2: Total Mass Balance

In this approach, for a given time interval, the total amount of tritium in
the beginning is compared to the total amount in the liquid and gas phases at the
end. For the zero production case, the difference between the amount of tritium at
the end and the beginning of a time interval (A), followed a Gaussian distribution
with A’s evenly divided between positive and negative o’s. In the cases of tritium
production, i.e., low continuous production, pulse production and production at the
end, the overall distribution of A’s was not Gaussian and was skewed towards more
positive o’s. This skewing towards more positive o’s clearly indicates that tritium
was produced.

3.3 Method 3: Curve-fitting

If the initial mass of deuterium and tritium, m(0), is electrolyzed at a constant
cell current, i, for a specified period of time, 7, at which time a sample is withdrawn
and analyzed for tritium and D;0 is added to restore the initial volume. The tritium
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mass fraction in the electrolyte, fr(2), is given by:

f(0) T Cdt ]

12t0) = tm@) ~ 1 [0 + [ N

where r(i) is the rate of removal due to electrolysis. Equation (5) is a general solution
of the differential equations (1)-(3) and neglects the radioactive decay and loss by
evaporation. As written, Eqn. (5) has two adjuustable parameters which will be
stongly coupled to one another — the isotopic separation factor, £, and the tritium
generation rate, C. The simulated data for all four cases were computer analyzed
using Eqn. (5). In the zero tritium and low continuous production cases, there was
excellent agreement between the data and the computer analyzed curves. However,
the computer analyzed curves did not agree with the remaining two cases especially
in the regions where the tritium production occurred.

4.0 Conclusions

All three methods discussed for analyzing tritium data require 100% efficiency
of the recombining electrode. Efficiencies less than 100% result in a preferential loss
of DT over D; in the gas phase. The technique advocated by Bockris and others, that
of comparing the measured tritium values with those calculated using Eqn. (4), is
valid for short term experiments. This approach requires that the isotopic separation
factor, £ be known. For the Pd/D system, £’s ranging from 2 to 10 have been reported.
Furthermore, it is assumed that £ remains constant throughout the course of the
experiment. This assumption may not be valid since £ depends upon the kinetics of
the system as well as the current density. With the technique of total mass balance,
£ need not be known nor is it required to remain constant. Likewise with curve-
fitting, one does not need to know the value of £, but £ is assumed to be constant.
Therefore, when the experimental and computer analyzed curves don’t agree, it is
not known if £ was affected or if tritium production occurred. However, curve-fitting
does indicate that something happened during the course of the experiment. The total
mass balance and curve-fitting approaches require long term experiments in order to
achieve a statistically significant analysis. Of the three techniques, curve-fitting is
the least sensitive to detecting burst production of tritium.
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Fine Structure of the Charged Particle Bursts
Induced by D20 Electrolysis
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Abstract

Internal structures of charged particle bursts induced by the DO electrolysis have
been studied by use of a fast response measurement system. Charged particles were
detected by a NE102a plastic scintillation counter. The electrolysis was continued at
low temperature at 4°C for 3 hours. After then, the cell was warmed up to several
ten degrees of Celsius scale. During the warming-up, we caught some anomalous
pulse emissions of charged particles. The pulse shapes of the bursts were found
to be complicated and the duration of the bursts was distributed from 40 to 100
nanosecond. Comparison of these pulse shapes and standard response for a single

particle suggests that the burst is a pile-up pulse and consists of many particles.
1. Introduction

Emissions of neutron bursts were reported frequently in the cold nuclear fusion
experiment. Especially in the Ti+D; heat cycle experiments, intense neutron bursts
with the time scale of microseconds were reported!). However, the detail of the
timing structure of the bursts have not been measured. When the duration of the
bursts would be short, energy spectra of the bursts are also difficult to be measured.
Conventional pulse height analyzing system gives only a total energy of bursts. It
can not analyze the pulse height of individual pulses separately. In any case, the
timing structures of the bursts are considered to be important for understanding the
reaction processes of the cold fusion. The energy spectrum of the particles is also in-
dispensable for identification of the type of the reaction. Previously, we have studied
the cold fusion phenomena by use of the charged particle method?), and observed
some charged particle bursts®. This paper is concerned with the investigation of the
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Anode wire (Pt)

pulse shape of the charged particle burst

by use of a fast response measurement Li0D + heavy water

Pd foil
system. cathode

2. Experimental System

Figure 1 shows the electrolysis cell used
in this experiment. A NE102a scintillation
counter as a charged particle detecter was {
attached to the cathode foil with a gap SHRCLIEHICRY

of 5 mm. Figure 2 shows the pulse analyzing

NE102a

scintillater

Fig.1 Electrolysis cell and the
system. Output current pulses of the photo-

multiplier are integrated by a charge
sensitive amplifier and the pulse-height is analyzed with the PHA(Fig.2(a)). In ad-
dition, the fast response measurement system is prepared in the present experiment
(FiG.2(b)). The output current pulse of the photo-multiplier is amplified by a wide-
band current pulse amplifier without integration. The pulse shapes were recorded
in a digital strage oscilloscope. A 20 pm thick palladium foil was used for the
cathode and set at the bottom of the electrolysis cell. 0.1 pm thick Ag layer was
deposited on the air side surface of the cathode foil. The solution used was D,O+
0.1moldm™3LiOD. The temperature control of the D,O solution was programmed to
follow a desired pattern. After the electrolysis at low temperature, 20 mA at 4°C for
3 hours, the cell was warmed up to several ten degrees. Abnormal charged particle
emission was observed during the warm-up of the solution. Energy spectrum and
the pulse shape of the burst were measured simultaneously.

charged particle detecter.

L
H o ’\/\)_’ 'S PHA :Normal pulse-height
~ o~ i analyzing system
! (a)
NE10Za PM H C.S. amp. e
(R647-01) 1
1
7=2.4 nsec T =3.2 nsec wl Storage-scope :Current pulse-shape
| TS-8123 analyzing system
(b)
Current-pulse amp. (100MHz)
(500MHz)

Fig.2 Conventional PHA system and the fast response measurement system.
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3. Results and Discussion

Figure 3 shows the energy spectrum measured by the conventional PHA system.
The spectrum shape was featureless. The pulse shapes of the slow outputs of the
charge sensitive amplifier were not different from the normal response. However,
the pulse shape of the burst were completely different from that of the standard
alpha particle shown in Fig.4(c). We obtained only two pulse shapes of the burst.
Figures 4(a),(b) show the pulse shapes of the bursts. The burst seemes to have some
complicated structures. We supposed that the structure of the burst was attributed
to the pile-up of many pulses. We restored them to the original timing structure by
use of an unfolding method. The restored pulse shapes are shown on the upper side
of the Figs.5(a) and (b), respectively. The dotted curves shown in the figures indi-
cate the reconstructed pile-up shapes when the standard responses are appeared and
piled-up according to the restored timing strucure. The small dotted curves in the
same figures show the burst shape measured in the experiment. Comparison of these
curves seems to support our supposition that the burst is the pile-up of the pulses.
It is slightly complicated to estimate the energy of the tiny pulses participated in the
burst. The light response of the NE102a scintillater is depend on the species of the
particles. An energy scales are plotted on the left side of the frames of Figs.5(a) and
(b), on the assumption that the particles were electrons. On the opposite side, the
scales for protons are plotted. In the case of proton, the energy of the particles should
be distributed from O to 1.5 MeV, while in the case of electron, that is distributed
from 0 to 0.3 MeV. In the proton case, the energy distribution is consistent with
that the D-D reaction occured in the palladium foil cathode. The particle identifi-
cation is indispensable in the study of cold fusion. Futher experiment are in progress.
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Fig.3 Energy spectrum of the charged particle burst.
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Abstract

In order to confirm the cold fusion phenomena, measure-
ments of protons in the galvanostatic electrolysis of
the 0.1M-LiOD/D,0 solution have been carried out. TBE
upper limit of fusion rates was deduced to be 1.35X10°
fusion/d-d/sec with an assumption of the atomic ratio
D/Pd ?f unity. No charged particles predicted by Taka-
hashi{l) for ‘d-d-d fusions were observed. The Li content
in the electrolyte was measured by ICP-AES after the
electrolysis and found to be appreciably reduced in the
electrolyte; the rest being found mostly in the 0.5%-Pd
alumina catalyst used for recombination of D, and 0,
and partly in the Pd cathode.

1.Introduction

In g rch 1989, M.Fleishmann et al.(z) and S.Jones et
1 ( first reported the cold fusion phenomena which
they claimed procseded through next reactions:

d +~ 48— —>~He¢ 0.82MeV ) + n ( 2.45MeV ) (1)

d+d——>3H (1.01MeV ) + p ( 3.02MeV )  (2)

d +d —> 4He + vy + 23.4MeV (3)
According to the current knowledge of nuclear physics,
reactions (1) and (2) occur with the similar probabili-
ty. A fer paper reported to measure charged
particles. 1), ) In the present work, protons were
measured to confirm the cold fusion phenomena through
the reaction (2). The detection of protons is generally
more sensitive than that of neutrons due to the lower
background and the higher detection efficiency. But, as
the range of 3.02MeV protons is 30um in palladium, the
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maximum allowed thickness of a Pd foil is only about
25um.

2.Methods

Galvanostatic electroly- [
sis of the 0.1M-LiOD/D,0 |

solution was carried out to bubbler =) H9MW“°
under a constant current Catalyst_dJ |
of 200mA ( 100mA/cm* ) Thermocouple h: *§°“
with a 25um thick P4 foil “”Neg é/&muwm
( Nilaco co., PD343228, ) glectrolyte S g\

as a cathode whose effec- R

tive diameter was 1.6cm. oot

( 0.0604g as Pd ) Six runs cathode
were performed until now. o ~—{|To rotary pump
In RUNs 001-004, the back I =
side of the Pd foil was [
coated with about 1.1lpm
thick SiO, for prevention " Adiabator
of leakage of deuterium. i
Figure shows the cell 2
especially fabricated for
the experiment. In RUNOO6, — — —
the whole system was ther- < Figure >
mally insulated f05 the The cell for the experiment.
measurement. A 4.5cm“ sur-
face barrier Si detector ( SSD ) ( EG&G ORTEC, Model
No.; BA-21-450-500, Serial No.; 30-531C ) was used for
detection of protons. The void space in between the Pd
foil and the SSD was evacuated wiﬂmfbfotary pump for
reducing the background level due to Rn and also for
avoiding the degradation of proton energy. The 0.5%-~Pd
alumina pellets ( NE Chemcat co. Lot No.: 256-18130 )
were suspended above the electrolyte solution as a
catalyst for recombination of D, and O, gas into D,O.
The current, input voltage, reference voltage, and the
temperature of the electrolyte and the room were moni-
tored. After electrolysis, Li contents in the electro-
lyte, in the catalyst, and in the Pd foil were measurgd
8y ICP- AE§4 The expected energy spectra of the p, 4,
and “He have been calculated by the Monte Carlo
method for various sites of their origin within the Pd
foil.

| — SSD case

}II
7]

3.Results

Measurements of protons were performed three times for
the LiOD ( RUNs 001, 002, and 006 ) and once for
LiOH ( ﬁ%NOO3 ). No protons were observed above the
background level which was 9 counts in 74.39hrs with the
effective counting efficiency of 12.4%. From 30 of the
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background counts, the Egper limit for the reaction (2)
was deduced to 1.59X10° fusion/d-d/sec. No charged
particles predicted by Takahashi were detected who
proposed th g ~d fusion in order to explain the T/n
ratio of 10 -10 reported the many investigators. De-
tailed conditions and results of each run are summarized
in table 1 and 2.

In RUNOOl, the electrolyte temperature reached above
353K after 6days. But unfortunately, the input voltage
and the room temperature were not measured in this run,
and no definitive conclusion can be made as to the
excess heat. For observing the excess heat, both input
voltage and room temperature were monitored in RUNOO4,
005. In RUNOO4, a sudden increase of the input power was
observed after 1l1l4days, although the electrolyte tempera-
ture decreased unsteadily. In RUNOO5, the space in
between the Pd foil and the SSD was not evacuated and
then, no such an increase of the input power and a
decrease of the electrolyte temperature was observed. In
RUNOOG6, the whole electrolysis system was thermally
insulated from the environment, and the cell was cooled
by the forced flow of water through a stainless pipe.
From the difference of the water temperature between IN
and OUT, no excess heat was observed.

In RUNOOl1 and 005, atomic ratio of D/Pd was measured.
These were 0.652 and 0.705, respectively. From our
previous measurement of D/Pd by weight and TPD of Pd
rods, D was found to escape from the Pd rod in two
stage. The percentage of D that escape quickly after the
end of electrolysis is about 30% while that of the slow
component is about 70%. The above cited values of about
0.7 1is only the amount of the slow component, and so,
the total D/Pd ratio is estimated nearly 1.0 in our

Table 1 : Detailed conditions and results of each run.

Electrolytic Measurement of protons(cph) Fusion rates
RUN time(h) 1501-2400ch 701-1000ch 301-4096ches (f/d-d/s)

001 165.5 0.103+0.025 1.01+0.082 31.6+0.437 1.35x10”24
002 120 0.125%¥0.032 1.29+0.104 36.1+0.548 1.64X10"2
003w 74.39 0.121¥0.040 1.01%¥0.117 35.6+0.692 1.59X10™2
004¢ 503
0056 956.7
0064 247 0.181+0.027 1.61+0.083 74.2+0.562 2.24x10°24

v
¢
L

O.lM—LiOH/HZO solution was used for electrolyte.
Protons were not measured.

For the calculation of fusion rate, D/Pd was assumed
To be 1.0.

In RUNOO6, the background level is to be higher.
2400ch = 3.02MeV

s ws we

o
e we
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experiment.

Li contents before and after the electrolysis were
measured by ICP-AES. While the volume of electrolyte
solution decreased typically from 20ml to 6ml in 22days,
the Li concentration reduced to less than half of its
initial concentration. In RUN0OO4, presence of a white
substance was recognized on the back of the Pd foil and
in the vessel of vacuum system. This white substance was
found to contain Li. In all run, most of the Li lost
from the electrolyte was found in the catalyst, but a
small amount of Li was always found also in the Pd
cathode. Therefore, it is probable that Li plating on P4
becomes possible after Pd attaining a certain amount of
D in the cathode.

Table 2 : Li content in Pd cathode, Li/Pd, D/Pd

RUN Li content in Pd cathode Li/Pd4d D/Pd

001 7.914%10"6g 2.00x10°3 0.652
002 1.970%10~0g 5.00X10"

003 1.205x10"6g 3.07x1074 —
004 1.251X10"2g 3.15x10°3

005 1.293x10"%g 3.24x1074 0.705

4 .Discussion

Measurements of protons and excess heat in the galvano-
static electrolysis in the 0.1M-LiOD/D,0 were carried
out, and no protons above the background level and no
excess heat were observed. A longer run is being planned
for making our conclusion more solid. We found the Li
content in the Pd foil increased aft?g electrolysis. The
finding may be related to the report ) that if Pd metal
contains Li, deuterium solubility increases. More care-
ful chemical investigations have to be made before
ascribing the observed anomalous phenomena to more
unrealistic nuclear fusion.
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ABSTRACT

Helium isotopes (3He and 49He) from D, or H, gases ab-
sorbed in LaNis were analyzed with a noble gas mass spec-
trometer. The reproducible increase in 3He, corre-sponding
to a fusion probability of >8.0x10-2¢4 d-d-s-1, was observed
on the Dy-experiment, whereas 3He was not formed by the
reaction of H, and LaNig. 4He production was unreliable,
because the reproducibility of the result has not been
obtained.

1 Introduction

Helium is a suitable candidate in order to detect
the cold fusion product, because helium generated can be
accumulated and condensed in a closed system even if the
nuclear reaction occurs instantaneously or discontinu-
ously.

From this point of view, we have made a thorough
study of the helium isotopes from the D, gas absorbed in
LaNigs by using a noble gas mass spectrometerl-3) since
Fleischmann and Pons4' and Jones et al.5 reported the
occurrence of cold fusion.

It is necessary to measure not only 3He and 4He but
also other noble gases, because the elemental abundance
of these gases suggests the origin of the helium iso-
topes. The estimation of the increase in 4He needs the
greatest care since the amount of 4He in the closed system
is easy to be affected by the atmospheric 4He due to the
air leakage. Such a work that only ¢He has been measured
is out of the question.

We present the results of the precision analysis for
the helium isotopes and other noble gases in the D, gas
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absorbed by LaNig.
rji 1 .

The reaction vessels(3.23x10-5) sealed with a copper
gasket, gas samplers and vacuum-gas connecting lines were
made of stainless steel to exclude helium in air. The
reaction vessels were previously degassed by heating at
1123 K for half a day in vacuo. After loading in the
vessels, the LaNis ingots(52.5 g) was heated at 1123 K for
18 h in the evacuated vessels, and then a portion of the
resulting gas was collected in a sampler (“Degas” in Table
1) . The 99.5 % pure D, gas or 99.999 % pure H, gas were
applied to the LaNis ingots at a pressure of 7.9x105 Pa.
Since a large amount of helium was initially contained in
the raw D, or H, gas, the helium gas was removed by
evacuating while the applied hydrogen gas was absorbed in
the LaNig ingot. After removing the helium gas, a part of
the residual gas was collected in a sampler (“Ante-reacted
gas” in Table 1) .The temperature fluctuation process
(77<300 K) to the vessel containing the hydrogenated
LaNis was repeated 135 times over a period of 130.0 days
(2nd run;131 times, 120.4 days), and a portion of the gas
separated from the D, or H, gas was withdrawn into another
sampler (“Post-reacted gas” in Table 1).

A VG5400 mass spectrometer (Operating in the “static”
mode) and a noble gas purification system installed at
Okayama University were used for helium isotopic analy-
ses. The detection limit of helium with this apparatus
was about 10-20 m3 STP (105 atoms). For helium isotopic anal-
yses, the mass resolutions necessary to separate the hy-
drogen and deuterium peaks are 510, 400 and 100 for 3He-
HD, 3He-H; and 4He-D, respectively, so that the high reso-
lution (600) collector was used for the 3He analyses and
the low resolution(200) collector was used to separate 4He
and D;. The helium background of the system was about less
than 1x10-16 m3 STP (<109 atoms) and 1x10-20 m3 STP (<105 at-
oms) for 4He and 3He respectively.

Nucleonic helium may be detected as an isotopic ra-
tio different from the ratio of helium initially con-
tained in the D, gas. The helium isotopic ratio, however,
can be changed by air leakage and physical processes such
as diffusional transport. Therefore, to determine such an
effect on the helium isotopic ratio, the elemental abun-
dance of neon, argon, krypton and xenon was measured in
addition to the helium isotopic ratios in some of the
sample gases.

R i nd Di ion

Elemental abundances of helium, neon, argon, krypton
and xenon, and isotopic ratios of 3He and 4He are listed
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Table 1. Contents and isotopic ratios of He, Ne, Ar, Kr and Xe.

*He ‘He ‘He'He  *°Ne AT MKr PXe

(x10°) (x10' (x10%  (x10%) (x10'% (x10% (x10")
[First run]
D, Gas Experiment
Post-reacted gas  27.6(7.53) 43.7(5.99) 6.3(1.9) 2.94(0.42) 489(69) 9.47(1.33) 25.0(3.5)
Ante-reacted gas  0.20(0,72) 2,82(0,39)_0.71¢2.6) 1.34(0.20) 106015 3.12(0.44) 4,08(0.59)
Increment 27.4(8.3) 40.9(6.4) 1.60(0.62) 383(84) 6.35(1.77) 20.9(4.1)
H,.Gas Experiment
Post-reacted gas <1 2.58(0.36) <4 3.10(0.49) 0.734(0.104) 1.12(0.16) 0.883(0.125)

Ante-reacted gas  0.83(0.67) 0.26(0.04) 32(26) ll’l.(Q S53). IA_Q(Q LS)__ lil(ﬂ.\“ﬁl_Z .32(0.33)
Increment S 2.32(0.40)

[Second run]

D. xperiment

Post-reacted gas  30.8(11.2) 0.111(0.016) 27810 56.1(7.8)  23.7(3.3) 29.0(4.1)  0.171(0.024)
(1.09x10°)

Ante-reacted gas  5.58(1.25) 0.286(0.040) 195¢52)  29.9(4.2) 731(101)  21.4Q.0) 3.17(0.45)

Increment 2512012 By == 26.2(12.0) 16.4(4.3) 7.6(7.1) —

H, Gas Experiment

Post-reacted gas 8.80(6.20) 1.46(0.21) 60(43) 0.577(0.0951) 1.71(0.24) 0.316(0.045) 0.171(0.024)

Ante-reacted gas  Q.80().26) 0.0849(00119) 94(]49) 1 IZ(!! 16) 0.306(0.043) 0.964(0.137) 0.571(0.086)

Increment 8.00(7.46) 1.37(0.22) 1.40(0.29) T =

Degas(at 1123 K)  2(2) 14.6(2.5) 14(14) 47.7(8.2) 26.2(4.5) 26.6(4.6) 22.6(3.9)

Air 1.399(0.013)

" The noble gas contents are given in number of atoms existing in the reaction vessel.
- The standard deviations are shown in brackets.

in Table 1. We assumed that the nuclear reaction occurs
at the surface or near surface of LaNis and that the
generated helium is released from LaNis with hydrogen. On
the experiment using the D, gas, it is noteworthy that the
amount of 3He(2.74(0.83)x106 atoms) increased in the gas
obtained after the repeated temperature cycling, while no
enrichment of 3He was observed for the H,-experiment. The
phenomenon was reproduced in the second run. The increase
in 4He (4.09(0.64)x10!! atoms) was also observed in the
first run. The 4He production, however, was unreliable,
because the reproducibility of the phenomenon was not
obtained in the second run.

The enhancement of 3He as well as 4He may be caused
by only the air leakage. If we assume that the increment
of 4He originated from the atmosphere, then it should be
accompanied by 5.72(0.90)x105 atoms of 3He which is de-
rived by using the atmospheric ratio of 1.399x10-6¢. Thus,
the excess of 3He is 2.17(0.92)x106 atoms. Assuming that
the ~2.2x106 atoms 3He generated by the D, gas(2.5x 1022
molecules) absorbed in LaNis during a period of the tem-
perature fluctuation process for 1.1x107 s, we obtained a
lower limit of ~8.0x10-2¢ fusion/d-d-s-! based on the re-
action d + d — 3He + n. The fusion probability is compa-
rable to that given by Jones et al.5 and Menlove.®6)

Figure 1 shows the noble gas elemental abundance
relative to that in air, expressing the following equa-
tion,

F(m) = (mX/36Ar) / (mX/36Ar) atmospherer
where mX is the noble gas element with mass m and the
subscript “atmosphere” means the atmospheric elemental



530

abundance. 3

The elemental abundance
patterns provide significant " Ist run
information regarding the iso- ‘He *Ne *Ar “Kr B2y e
topic anomaly of helium ob- 1
served in this work, such as =
the air leakage and the diffu- 5’0 LN\ =:::::::j:::jt
sional transport. If the leak- 8 % )
age of air into the vessel 14
occurred during the temperature
fluctuation process, the abun- 2
dance pattern of the post-
reacted gas would be close to 3
that of air(logF(m)=0). The
increase in 3He was not signif— Figure 1. Elemental abundance
icantly affected by the air Patterns.
contamination, because the a- @—  H, Antereacted gas
bundance patterns for both ante- —@— M, Postreacted gas
and post-reacted gases resembled —O— D, Antereacted gas
each other, and were much dif- —o—

. D, Post-reacted gas
ferent from those for air. The

possibility of the diffusional
transport was also denied due to the coincidence of the
two patterns of the ante- and post-reacted gases.

4. nclusion

The enrichment of 3He was observed in the D, gas
absorbed by LaNis after the repeated temperature fluctu-
ation cycling. The phenomenon, however, was not obtained
from the H,-experiment. The elemental abundance patterns
indicate that the increase of 3He was not obviously caused
by the air leakage. The fusion probability estimated by
the 3He production was >8.0x10-24 fusion/d-d-s-1 which is
in agreement with the value determined by Jones et al. or
Menlove.
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The Detection of 4He in Ti-Cathode on Cold
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Abstract

The Ti- cathode has beeen examined after electrolysis with remarkable phe-
nomenon of “excess heat” by SIMS. The special mass peak of 4 amu in SIMS spec-
tra of Ti-cathode has been detected by a series of experiments. It’ s concluded that
the mass peak of 4 amu is the mass peak of ‘He in Ti-Cathode produced in cold fu-
sion.

To avoid interference of D, and H,D with *He in SIMS spectra, the negative
SIMS spectra are used in the detection of "He.

I Experimental Condition

The detection of "He produceed on cold fusion is an important step to determine
if a theoretical model or an experimental method on cold fusion is feasible. We de-
signed three experiments to determin the exist of “He in Ti-cathode after electrolysis.
No matter whether the cold fusion occures, H and D which may exist in the forms of
D and H,D may be absorbed in the Ti-cathode. Prof. Ning has found that the nega-
tive SIMS method can avoid the interference of D, and H,D with ‘He in SIMS spec-
tra. Therefore, the negative SIMS method was applied to detect the presence of "He
in Ti-cathode.

The analysis of "He has been made on the VG Microlab MK T surface analysis
instrument with Ga ion gun. )

Beam current is 30nA, beam voltage is 10KV.

Target bias voltage is 5. 5V.

Pole bias voltage is 7. 9V.

Base vaccum is 23X 107° mbar.

Flood oxygen gas on sample in analysing process to increase positive ion yields
and stabilize the negative ion yields.

Ga™ ion source is used to raise negative ion yields.

The peaks of D, and H;D will overlap the peak of ‘He in produst of cold fu-
sion. We have found that the negative SIMS method can avoid the interference of D,
and H,D with "He in SIMS spectra. Therefore, the negative SIMS method was ap-
plied to detect the existence of ‘He in Ti-cathode.

FRONTIERS OF COLD FUSION
©1993 by Universal Academy Press, Inc.
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I  Experimental method and it's results

1. We examined the Ti-cathode which has undergone electrolysis with remark-
able phenomenon of “excess heat” . [?)In the electrolytical experiment, the Ti-rod-
cathode was half immersed in the heavy water and the other half above the surface
of heavy water. Along the rod, samples a, b, ¢, d are taken from the segment im-
mersed in and samples a’ , b’ , ¢/ , d’ are taken from the segment above the surface
of it. (Figure 1.)

] e—Ti-et
| (de g grom)

P0+oim
Na.0D

Figure 1. The distribution of Samples taken
Fig 2 (a) and Fig 2 (b) are the negative SIMS mass spectra of samples a, b,
c,danda’ , b , ¢/, d respectively. Comparing these spectra with each other, we
found that the peak of D~ (2amu) exist both in Fig 2 (a) and Fig 2 (b), but the
peak of 4 amu only exists in spectro of Fig 2(b). It shows that the helium exist exact-
ly in Ti-cathode after producing “excess heat” .

of TS obove D,Q T A 4—— i oy

Figure 2 (a) The SIMS Spectra of Ti-rod above D20
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= -———in the heavy water --

Figure. 2 (b) The SIMS spectra of Ti-rod immersed in Do
2. As a comparative experiment, we examine the other Ti-cathode which has un-
dergone electrolysis for fifteen days without any phenomenon of “excess heat” and
the electrolyty contained more water (H;O) . The sample (E) is taken from the seg-
ment of Ti-rod above the heavy water along the Ti-rod and sample (F) is taken from
the segment immersed. The results of negative SIMS detection are shown is Fig 3
(a) and Fig 3 (b) .

= | Tkt Tt

£
§
T

¢ &y i P
.,:::A-;.u-«s L Lo p:l T . 1 N4 1234
1, 2, 3 arc the sainc deepth 1., 2, 3, {1 arcthe sanc area
and different arca and diffcrent deepth

1. is the minimum decpth
1. in thc maximum decpth

Figure 3 (a). The SIMS Spectra of Ti-rod im- Figure 3(b). The SIMS Spectoa of Ti-rod im-
mersed in (D-O+H.0) . mersed in (D-O+H.0) .
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Fig 3 (a) shows that the hydrogen peak is the only peak, because the capability
of hydrogen to be adsorbed by titanium rod is much greater than that of deuterium.

Fig 3 (b) shows that the amount of deuterium in the surface is less than that in
the deeper layer, but the deuterium never form the peak of 4amu in the Ti-rod after
electrolysis.

3. A clear Ti-rod is placed in a vaccum chamber and heated to give off gas at
600°C. In this process, the vaccum is kept to 2X 10~3mbar. While the Ti-rod turns
cold, let high purity He gas into the champer. After then, the rod has been placed in
He gas for 4 hours. Sample G is taken from it.

After the sample G was detected by negative SIMS, no any hydrogen deuterium
and helium peaks can be foumd in the negative SIMS spectra.

Il Discussion

1. The peak of negative SIMS of helium only exist in titanium rod after “excess
heat” experiment as Fig 2 (b) shows. It shows that the helium is formed in the titani-
um crystal latlice after producing D+D—*He* —*He+Q.

2. Fig 2 (a) and Fig 2 (b) show that neither Two hydrogen atoms in the crystal
lattice of Ti-cathode can form 2 amu peak, nor two deutarium cam form 4 amu
peak. under the detection of negative SIMS.

3. Fig 3 (a) and Fig 3 (b) show that if there are no “excess heat”, the helium
may not be produced in crystal lattice of Ti-rod after electrolysis.

4. From test result of sample G, We found that the helium ion or atom can not
enter the crystal lattice of titanium by means of Van der Wadls force. Therefore, if
He exist in crystal lattice of titaium, it must be formed by means of . D+D—>‘He+
Q process.

IV Conclusions

Our experiments show ;

1. The “excess heat” phenomenon is related to the helium products, so the pro-
cess of ¢2D+2D—*He+23. 8Mev may exist in the cold fusion.

2. The method of negative SIMS is feasible for detecting He in the Ti-rod after
“excess heat” . And the detailed research report of SIMS technigue will be published
later.

3. The further study in this field is underway.

Reference
[1] M. Fleischmann, S. Pons, (1989) J. Electroanal Chem. 261 301—
308
[2] Q. Q Gou, Z. H. Zhu, Q. F. Zhang, (1990) {Chinese Journal
of Atomic and Molecular Physics) 7. 3 1491—1495
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Real Time Measurements of the Energetic
Charged Particles and the Loading Ratio (D/Pd)*

Da-Wei Mo, Li Zhang, Bo-Xian Chen, Yi-S Liu,
Shi-Yuan Uoing, Ming-Yan Yao, Li-Y Zhou,
Hong-Guo Huang, Xing-Zhong Li, Xian-Da Shen,
Siti-Cheng Wang, Tie-Sur Kang, Nai-Zhang Huang.
Tsinghua University. Beijing 100084. CHINA

ABSTRACT

A loading D. gas system was huilt, which can measure the gas pressure.
the temperature, the loading ratic, the charged particles and burst., in real
time. the charged particles and burst was searched and the reproduece
condition was fond preliminary,

1. Introduction

Since ICCF 1I, we have continued on measuring the energetic charged
particles emitted from the deuterized palladium wire in & high pressure
vessel, Measurement of charged particles possess distinctive advantages.“The
experimental arrangement has been developed into a real time measurement
system, which can measure the temperature of vessel, the pressure of D, gas in
vessel, the loading ratio (D-Pd), charged particles number and energy, and
charged particles burst, continuously. (Fig.). This development allows us to
identify the charged products and the condition under which they are emitted.

2. Loading Ratio (D.-Pd)

There are three methods to check the loading ratio, i.e. the electric
resistance method, the volume-pressure method, and weight method in real-time
neasurement resistance method is the most convenient one.

Fig2 " shows the relationship between H, and D, content-loading ratio and
relative resistance,

Fig 3  shows the isothermal curves of Pd-H system, table 1 lists our
experiment results,

This work is supported by state commission of science and techroiosy,

natural science foundation of China and Tsinghua University,

FRONTIERS OF COLD FUSION
©1993 by Universal Academy Press, Inc.



536

7‘TFT7£ﬂVW§a :

" tR-39

T
A D Converter R D.C.,Power
Card i B_haylifiss Supply
S .__ja I i
B ——— } I
Computer
PC-AT 286
N\
D, +—
il
Pressure
Sensor
loading
gas Thermal Couple
Vessel
‘ Charged particles signai
Resistance Signal
. Pre- Jl'.
Amplifier
Linear
MCA
[Burst |
Catcher
| Charged Particles Signal
= s
=T =t Au-Si detector
= .

' Resistance Signal
A i
wirel

inside vessel

Fig 1. Experimental arrangement



537

Table 1. Loading Ratio Experiment Results

No. | Surface | Storing |Ro(Q) [ Gas | Pressure H-Pd | Loading
Treatment Time (atm) Time hr.
1 Y half year 8.15 H 9 0.7 16
2 N 21. 47 H 6 0.85 15
3 Y two days | 20.96 H 20 0.89 <4.5
4 Y five days 16.0 H 16 0.88 6
5 Y fifteen 9.2 D 19 0. 74 7.5
days

Sample No.3 was weighted and compared with electric resistance. The results
are listed in table 2.

Fig 2. Ralationship hetween

ralative resistance

Resistance ratio (R/R®)

and i, D, loading ratio
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Table 2 The Loading Ratio Results of Weight Method

Before loading After loading Ratios
Mass Electric Mass Electric Resistance H-Pd | RRo
Resistanc
(mg) Ro (Q) (mg) R ()
139.01 20.96 140, 17 33.6 0.89 1.6

This result means that the loading ratio has acrossed the peak of Fig2
curve and the result is coincident with electric resistance method. So it can
be used to measure the loading ratio in real time.

The No.5 result tells us that the loading ratio 0.74 is obtained.

All of the experiment results is achievable the peak of the loading ratio
curve,

3. Experimental results

In gas loading experiment, the emission of charged particles or neutron is
connected to thermodynamic transformation taking place (in particular phase
transformations), while the temperature of sample, the pressure of gas and
related parameter are changing. *

Temperature is an important parameter at our previous work “, temperature
was changed from 77° K to 300° X. The results are positive. At this work
temperature is changed only from 0° to 25°C based on Takahashi’s experiments
(~20°C> and the transform point of Pd-D system (~19°C). The charged
particles bursts are observed at about 20°C, when vessel was vacuumed.

Table 3 Shows the results
Table 3 The experimental Results

No T° K P R.Ro | Count of Bursts | Time duration min
1 287.1 tore 1.86 400 10
2 235.7 | Yacuum | 1,39 400 36
3 289.1 1.88 4200 120

4. Acknowledgements
This work is supported by state commission of science and technology,
natural science foundation of China and Tsinghua University.
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Detection of Radioactive Emissions in the
Electrolytic Deuteriding-Dedeuteriding Reactions
of Pd and Ti
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ABSTRACT

This report demonstrates the occurrence of radioactive emissions detected
by GM(Geiger-Mueller)counler in the electrolytic deuleriding-dedeuteriding
reactions of Pd and Ti. [or the Pd samples annealed or cold worked, the
excess counts higher than BG(back ground levels=32 +2 cpm) by factors 1.5 to
2 in average were measured almost continuously and reproducibly during the
pules modulated electrolysis over 600 mA/cif. The excess counts were measured
for a while even after eleclrolysis. For the Ti samples annealed or cold
worked, the burst-like GM counts over 200 cpm were often measured at low
current densities below 10 mA/cif. The much higher burst-like GM counts over
1500 cpm were measured after electrolysis

1. Introduction

In previous investigalions(1-3]1, we reported Lhal the pulse modulated
deuteriding-dedeuteriding reactions of Pd in a KOD cell exhibit distinct
excess GM counts and that the cold working of Pd sample is effective to yield
higher GM counts. The reactions of Pd deuteride formation-decomposition at
the Pd surface seem to be crucial for the radioactive emissions. This work
dealt with the similar measurement using Ti which forms more stable deuteride
than Pd[4] and the results fur Pd and Ti are compared and discussed.

2. Experimental Process[l]

The schematic arrangement of Lhe cell. GM counter (ALOKA Basic Scaler
TDC-105), Nal scintillation counter (CANBERRA series 20) and pulse generator
used are shown in Fig.l. BG lluctuations were monitored at real time before,
during and after electrolysis using two additional GM counters set at at
distances of 6 m(BG. 1) and 45 m(BG.2) from the cell, respectively as shown in
Fig.2. Electric noises as well as the fluctuations of the GM counters used
were strictly checked by switch-on and off of equipments in the laboratory

FRONTIERS OF COLD FUSION
©1993 by Universal Academv Press Inc
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building over one week before each experiment. Wire samples(lomx Inmx50mm) of
Pd and Ti and a Pt plate were used for electrolysis in 0.5 N-KOH or KOD
solutions. The purity of D.0) used was 99.8-9Y. 9%

CELL}-..
[ « G.M Tube : g $om
CC.M :6 s
ounte ;
= i CURRENT ; N
PULSE -
ﬂﬁtﬁfzﬂ:ﬂ:] GENERATOR |BG_1 ----------------------------------------- BG. 2
Cell ¢dm

Fig.l Schematic arrangement of the Fig.2 BG measurements at different
electrolysis. sites:BG.1 and BG.2.

3. Results

The measured GM counts of BG at the cell are shown in Fig.3 as
deflectionin %, A1l from BG. 1 and A2 from BG.2 in Fig.3. Each point of
deflection displayed was calculated from 1O min average counts. The GM counts
at the cell exhibit around 20% steday deflections compared with BG. 1 and
BG.2. Fig.4 shows an example of the GM counts measured for a Pd sample

BECE

H 3 Dlo m}n :
Fig.3 Fluctuation of BG at the cell Fig.4 Deflections from BG.1 and RG.2
in comparison with BG.| and in pulse modulated hydriding-
BG.2. dehydridings of Pd cold worked

49.4 % in 0.5 N-KOH at 5 A/ of

deformed by 49.4% in a pulse modulated electrolysis at 5000 mA/ cif ina 0.1 N-
KOl cell. The measured defiections exhibil an almost identical distribution
with BG fluctuations in I"ig. 3, indicating no occurrence of meaningful
phenomenon in the electrolysis of Pd in KOW. tlowever, Fig.5 and FFig. 6 show
the deflections of GM counts at the cell in pulse modulated electrolysis of
two different Pd samples deformed by 49.4% at 4000 mA/cof and 600 mA/enf in
KOD cells, respectively. Much higher deflections than BG fluctuations can be
seen in the first quadrant. meaning that these pulse modulated reactions yield
distinct excess GM counts at the cell in 40-50% positive deflections. The
distinct excess counts could be measured in 20 30 min after the initiation of
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electrolysis and continued for a while alter eleclrolysis.

010 min Average N : A i Avor
0 " g B0 0 0 /g 50

Fig.5 Excess GM counts as positive Fig.6 Excess GM counts as positive
deflections in pulse modulated deflections in pulse modulated
deuteriding-dedeuteridings of deuteriding-dedeuteridings of
Pd cold worked by 49.4 % in Pd cold worked by 49.4 % in
0.5 N-KOD at 4 A/ cd. 0.5 N-KOD at 0.6 A/cd.

The excess GM counts during and afler electrolysis of Ti in KOD solution
were much higher than those observed with Pd. Therefore, the measured GM
counts for Ti are presenled i cpm as a function of time t in Fig. 7 and Fig. 8.

Fig. 7 shows burst-like GM counts up to about 300 cpm for a Ti sample cold
worked by 32.5% at t=100 to 130 min in an eleclirolysis at 6.0 mA/cef. Similar
burst-like emissions took place also at {+500-540 min after electrolysis
after the current had been cul off at =400 min. At t=200 to 400 min, a pulse
modulated current was applicd at 0 4600 mA/cif, however, no excess GM count
was measured. Fig.8 shows much higher bursts in GM counts over 200 cpm for a
Ti sample deformed by 7.1% al t=20-30 min in an electrolysis at 5 mA/cf and
also burst-like GM counts over 1500 cpm atl 1=450-460 min after electrolysis.
Such burst-like emissions were measured three times in or after electrolysis
using seven different Ti samples.

4. Discussion

The average compositions of Ti deuterides were TiDo. s-0. & for Fig. 7 and
TiDo. + for Fig.8 during electrolysis. However, the optical observations on
the samples showed that only the surface regions down to a few (m were
mainly deuterided, meaning the formations of deuterides with much higher D
concentrations at the surface than the calculated average concentrations.
Judging from thermodynamic properties of Ti hydrides[4], 7-TiD: phase may be
formed in the electrolysis at the surface. The burst-like emissions observed
seem to be related to the formation and decomposition of the di-deuteride
phase in and after electrolysis, respectively, and which is similar to the
excess emissions of the Pd-D system by a pulse modulated electrolysis[1-3].
The observations for Pd and Ti imply the occurrence of radioactive emissions
like 7 - or X-rays detectable by GM counters.
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Fig.7 Burst-1ike GM counts in deuteriding of Ti cold worked by 32.5 %
at 6 mA/ci and in curret-off state after electrolysis.
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Fig.8 Burst-like GM counts in deuteriding of Ti cold worked by 7.1 %
at 5 mA/ct and in curret-off state after electrolysis.
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ABSTRACT

The sensitizing phenamenon of X-ray film was studied, in metals
loaded with deuterium, by a cycle method of temperature and
pressure ( CMIP). The experimental results showed that the sensitiz-
ation of X-ray film was derived from the chemical reaction and the
anamalous effect of metals loaded with deuterium

1. INTRODUCTION

When Italian A De. Ninno et al. studied the anomalous phename-
non in metals loaded with deuterium using CMTP, neuttons were
detected*?, When X.Zh.Li et al, fram Tsinghua Univ, studied the
precursor of the "cold fusion' phenamenon using CMTP, it was fornd
that X-ray films were sensitized "2 . To  clarify the
sensitizing reason of X-ray films, we studied the sensitization
phenamenon of X-ray films using CMTP of metals loaded with deuteri-
um The experimental results show that the sensitizing reasons of
X-ray film are derived from the chemical reaction and the anamalous
effect of metals loaded with deuterium Recently R K Rout et al
Fram Bhabha Atamic Research Centra, India, systematically  studied
the sensitization phenamenon of X-ray films. They considered that
low energy electrons emitted in metals loaded with deuterium lead
to the sensitization of films'®,

2. EXPERIMENT
2.1 Experimental Process
Cu and Fe slices were used as contrasting metal to perform blank
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runs on the sensitization of X-ray film Pd and Ti slices loaded
with deuterium were used to perform the experiment on the sensitiz-
ing effect. Three kinds of metals loaded with deuterium were used

(1) Pd slice (purity 99.6% 0.5mm in thickness; (2) Ti slice 0, lmm
in thicknessl; (3) Pd slice on whose two surface 0.5- 4 m- thick
Ti was evaporated.

Metal slices treated and X-ray films were combined, and then
sealed into a copper vessel whose vacuum was at about 107* torr,
Under the condition of the temperature of liquid nitrogen(IN; ) ,
the copper vessel was filled with deuterium gas and the cycle of
temperature and pressure (CTP) was done.

2.2 Blank Runs

(1) Air was substituted for deuterium gas. Then CTP was perfo-
rmed. The sensitization of films was not found.

(2) Cu and Fe slices were put between films and the cycle of
temperature and pressure was done. It was found that films were
gengitized in full area

(3) Two sets of films were used. One was sealed into a small
copper vessel (2mm in thickness, filled with air), The other was
put between Cu slices 2mm in thickness and wrapped in Al foil 50
um in thickness (aerated but opaque). The cycle of temperature and
pressure was done. The experimental reaults showed that the first
gset of films didn't sensitize but the second did, this excluded the
possibility that high energy X-rays sensitized films which were
produced by bremsstrahlung of high energy <y - rays, X- rays or
electrons.

(4) Hydrogen gas was substituted for deuterium gas and then Cu
glice was used to perform the experiment as described above. It was
found that films also sensitized.

To clarify the reasons of film sensitization in blank run, the
checking experiments were done and described below,

2. 3 Checking Experiments

Considering the reasons of film sensitization mentioned above
we used only films to perform the checking experiments instead of
Cu and Fe slices.

(2) Two sets of films were put into a copper vessel. One was
sealed in a black paper bag which was 0. 3mm in thickness ( opaque,
but aserated). The other was put between polyethylene foils 50um in
thickness and wrapped in Al foil 50um in thickness (opaque, but a-
erated. When vacuum reached 10™*-5X10"®torr in the copper vessel,
oxygen in the copper vessel was excluded by using 6 atm argon was
over three times. When vacuum resched 107*-5X 10 ~ © torr in the
copper vessel again, deuterium gas was let in and the cycle of
temperature and pressure was done. It was found that all the films
were sensitized in full area. This excluded the possibility that
the cambination of deuterium and oxygen sensitized films, which
was explained as follows, (i) With vacuum 10°*-5X10"° torr and by
the treatment of excluding oxygen by argon gas, quantity of oxygen
in gas deuterium was very small, Hence few atams of deuterium and



oxygen could cambine, (ii) The cambination of deuterium and oxygen

produced on the wall of the tube could emit visible and invisible

lights (ultraviolet ray). The lights were shut out by a 50 um-thick

polyethylene foil added to a 50 pm-thick Al foil and 0. 3mm- thick

black paper. If the combination of deuterium and oxygen took place

in aluninium oxide, emitted radiation should be shut out by the 50
um-thick polyethylene foil.

(b) There were two sets of films. One was put in a coppet box
3m in thickness (opaque, but aerated). The other was put between
polytetrafluoroethylene 5mm in thickness and wrapped in an Al foil
50um in thickness (opaque, but aerated). After vacuum was obtained
in the copper vessel, it was filled with deuterium gas and the
cycle of temperature and pressure was done, It was found that all
of the films were sensitized in full area, This excluded the
possibility that electrons, X-rays and so on which were emitted
ow{ng to Cu absorbing deuterium resulted in the sensitization of
films,

By blank run and checking experiment mentioned above, it was
excluded that the combination of deuterium and oxygen, and
radiation derived from copper and iron absorbing deuterium resulted
in the sensitization of films, By the comparion with the
experimental conditions of sensitizing and no sensitizing in blank
run and checking experiment, it was shown that the reason of film
gensitization was that the combiantion of deuterium and Br in film
formed DBr and Ag ion was displaced out.

The repeatability of the experiments mentioned above is 100%
2.4 Experiment of Sensitizing Effect in Metal Loaded with Deuterium

Ti slices and two kinds of Pd slices loaded with deuterium were
used to perform the experiment by the cycle of temperature and
pressure. One kind of Pd slice was 0. 5mm in thickness and the other
was the one plated 0.50m Ti on two surfaces.The cambination of
filme and metal loaded with deuterium is shown in Fig. L.

Experimental results were shown as figures:

Cu slice

Film ' -

Al

4

Fig 2. An image of Pd slice

Fig. 1. Cambination of X-ray films
and the metal slices
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Fig. 3. A sensitized point on a film Fig. 4, An image of Pd tube
3. DISCUSSIONS

(1) There was an image of Pd slice in full background of
sensetized films which were combined with Pd slices. The  fac
shows that two reasons result in the sensitization of films., One is
the chemical reaction. The other is the oneself effect of PaD metal.
The even sensitization in full area of films indicates that Br in
films chemically react with deuterium An image of Pd slice in full
background of sensitized films indicates that the sensitization is
derived fram the anamalous effect in Pd slice.

Ve consider that some effevts in PdD metal may make films
sensitize as listed below:

(a) Extraheat and burst heat in PdD metal,

(b) Electron emission in PdD metal.

(¢) Br in films reacting with highly active deuterium which was
releasted by PdD metal.

(d) Charged particles emitted by PdD metal, electrons and
characteristic X-rays imitated by the charged particles.

The sensitizing effect of films in PAD metal will be studied
further,

(2) There was a track on the outer membrane of a film  which
was formed after Pd slice was peeled off. The track may be a result
that Pd slice produced extraheating phenamenon

(3) There were sensitized points on same films. Do the points
indicate whether burst heat was released out in a micro-zone of PdD
or lots of deuterium was suddenly released in a micro-zone of PdD?

We consider that the sensitizing effect of films made by PdD
metal reflects the anamalous phenamenon in PdD metal. Studying the
phenamenon is helpful to understand cold fusion further.
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ABSTRACT

Palladium loaded with either hydrogen or deuterium is found to give a
clear autoradiograph on exposure to X—ray film. The phenomena is found to
be 100% reproducible and is independent of the technique of loading, be it
electrolytic, gas loading, plasma discharge or ion implantation. It appears only
if the exposure to X—ray film is done in atmosphere of hydrogen, oxygen or
air. These emissions are also detected by TLD measurements. Investigations
seeking to identify the nature/energy of the radiation through transmission
measurements using various filters tentatively indicate that the radiations
could be low energy electrons having an energy of around 300 to 400 ev.

1. Introduction

The occurrence of anomalous emissions from certain metals (such as
palladium and titanium), when loaded with deuterium, either electrolytically
(Jones 1989) or in gas phase (De Ninno 1989) or in plasma phase (Rout 1991),
has been reported by various laboratories. Most of these emissions have been
found to be sporadic and are not easily reproducible. We report here emission
of some low energy radiations emanating from palladium when loaded either
with deuterium or hydrogen, by any loading technique. The phenomenon is
reproducible and the low energy radiations have been observed from all the
samples loaded so far.

2. Experimental Methods & Results

2.1 Loading of Gas

Majority of the samples used were in the shape of disks, 16 mm diameter
and 2 mm thick. These were loaded by affixing them on a plasma focus (PF)
(Mather 1971) central electrode or by first degassing in vacuum (600 °C,
10-5 mb) and then allowing them to cool in the D, or H, atmosphere (at 1 bar
pressure, for 2 hours). A few Pd samples (in form of needles) were loaded using
the Wada gas discharge technique (Wada 1989). The bulk loading obtained

FRONTIERS OF COLD FUSION
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varied between 0.1 and 0.6. It is possible that the loading in the surface layer
may be much higher. The H, and D, gases used for loading had tritium
content of ~ 10-¢ Bq/ml and < 10-5 Bq/ml respectively.

2.2 Measurement of radioactive emissions

The radiations emitted from the samples were predominantly of very soft
nature and of comparatively low intensity (as will be evident from subsequent
sections). They were short lived (maximum life of a few days).

Autoradiography was the most extensively used diagnostics. For
autoradiography the X—ray films were kept in contact or a few mm away from
the sample. The exposure time varied from 24 to 120 hours. Fig. 1 shows a
contact autoradiograph of a disk loaded with D, using a PF device
( 30 discharge shots, 24 hours exposure). Fig. 2 is an autoradiograph of a
similar H, loaded sample (30 discharge shots, 90 hours exposure) kept 0.2 mm
away from the film. In all the autoradiographs obtained §under any condition),
the fogging was always observed only on the side of the film facing the
samples, in spite of the fact that the X—ray film is transparent to optical
radiation and had sensitive coating on both sides. This confirms the low range
of the radiations and absence of optical emissions.

No fogging above threshold could be observed on the autoradiographs
when the PdHy samples were kept in vacuum (<10-2 mbar). Some samples
were also kept in atmospheres of nitrogen, helium and argon gases. The gas
pressure was retained slightly (~ 50 mbar) above one atmosphere. The
exposure time in all the cases was 96 h. No radiation, above threshold, was
observed on any of these autoradiographs.

By means of a sensitive densitometer, it was possible to measure density
of even very faint autoradiographs. Some samples were also autoradiographed
in an atmosphere of hydrogen (~ 50 mbar pressure) for 96 h, the fogging
obtained on the autoradiographs was just discernible over threshold (see
Table 1). PdH, samples kept in oxygen atmosphere (pressure ~ 50 mbar)
above atmosphere, for 96 h, fogged the autoradiographs to an average density
which was 40 to 60 % less than what was obtained with control samples in air
(see Table 1). Fogging was also detected when thin filters (2 pm aluminised
polycarbonate foil (0.25 mg/cm?) in one or several layers) were kept between
the film and loaded samples. Weak fogging was always measured with one
layer of such a filter (see Table 1). With two layer of filters fogging was
observed only in one instance (barely above threshold). No fogging was ever
observed, above threshold, with three or more layers of filters.

The autoradiography and TLD (CaSO4 based) measurements were made
with and without glass and fused silica filters. Activity observed without filter
in case of TLD study was seven times above background. No radiation was
observed to cross glass or fused silica, indicating the absence (or very low
intensity) of optical, ultraviolet or infrared radiators. These results were
confirmed by photomultiplier and photodiode study.

The emissions were also subjected to electric field. The electric field
between the loaded sample (disk type) and the film was maintained by a
perspex spacer, 1.2 mm thick, having an opening of 12 mm at its centre. In
different sets of experiments the voltage was varied from = 1.5 V to £ 400 V
(field varying from +3.3 KV/cm to —3.3 KV/cm). Application of the field
very much increased the intensity of fogging of the autoradiographs. The
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Table 1. Density of autoradiographs under various conditions.
Density averaged and normalised to 24 h exposure time.

Condition for autoradiography Density (x 10-3)
1 In normal air atmosphere 80
2 In oxygen atmosphere 32
3 In hydrogen atmosphere 3.5
4 In air with 0.25 mg/cm? filter 6.0
5 In air with 40.67 kV /cm field 230
6 In air with —0.67 kV/cm field 210

Figure 1. Autoradiograph Figure 2. Autoradiograph
(sample in contact) (sample 0.2 mm away)

Figure 3. Autoradiograph Figure 4. Autoradiograph
(+ 0.67 kV/cm field) (—0.67 kV/cm field)



550

fogging increased as the voltage was increased, saturating approximately at
100 V. Surprisingly, when positive voltage was applied to the sample (for
electrons to be retarded towards the film), the fogging was higher as compared
to negative voltage. The Fig. 3 and 4 are the autoradiographs of two identical
plasma focus loaded (15 PF shots) disks. The first one was with 100 V positive
and the second one with 100 V negative supply. The exposure time for both
the cases was 41 hours.

Few samples were also checked for X—ray emission on a low background
silicon lithium (SiLi) detector with a thin beryllium window (1 keV energy
threshold). The measurement time was typically 18 hours. No sample showed
emission of X—rays above background.

Higher energy (> 20 keV% radiations emanating from the samples was
also measured by a end window type gas flow detector (operating in Geiger
Muller mode, 0.8 mg/cm? window). The typical background of the detector
was 0.01 + 0.002 count/s. Samples with D, or H, loading were observed to
give 0.02 @ 0.002 counts/s (18 hours of counting). No counts above background
were however observed when the sample was kept inside a window less gas
flow detector.

3. Discussion & Conclusions

Autoradiographs have been observed in oxygen and air atmospheres but
not in helium, argon and nitrogen atmospheres. The presence of oxygen or air
appears to be necessary to observe strong radiographs. It is likely that oxygen
is assisting the phenomenon (Some other impurity present in oxygen as well as
in air causing this phenomena although unlikely, cannot be ruled out).
However there appears to be an optimum concentration (< 100 %) of oxygen
in atmosphere at which the fogging is maximum.

The energy released in H;—O, recombination reaction is 1.5 eV. If a few
hundred to thousand times this energy gets transferred to a D ion then normal
hot fusion can take place resulting in emission of energetic charged particles
(£ 10-2/s), if there is a pathway to transfer the chemical recombination energy
to deuterons. This may be possible only for certain metallurgical compositions
and conditions. However there are several other phenomena in condensed
matter which suggest that short lived large energy fluctuations
gDasannacharya 1989) do take place. These fluctuations can impart 100 to

000 times the average energy.
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ABSTRACT

Both H-H and D-D fusion reactions, detected via high energy
particle emission on CR-39, are shown to occur when 200 and 400 keV
electrons are bombarded onto H* or D* ion implanted Al thin
crystals. Roughly 1-2 x 10® particle emissions, including both
hydrogen and helium isotopes, in whole space were observed in each
case. Collisions between recoiled D atoms due to the high energy
electron impact give only 107'2 to 107=® times smaller fusion rates
than the experimental results. The present observations suggest the
presence of a new kind of fusion reaction which occurs with
negligible kinetic energy of the reacting nuclei.

1. Introduction

The experiment reported here contains the two new findings:
The first is the observation of H-H fusion reaction, which has been
elaborated theoretically by Bethe and Critchfield. The second is the
fusion reaction which occurs in Al metal. Both were observed on the
electron bombardment of the implanted molecular hydrogen isotopes(Hz
or Dz) embedded in Al metal.

In this experiment, hydrogen or deuteron implantation was
employed, since it forms coagulation of molecules in Al, then the
bombardment with electrons of energies 200 or 400 keV was followed.

2. Experiment

In this experiment, Hz" or D*s ions with energy of 90 keV were
implanted at room temperature into Al thin films up to the fluence
of more than 10'7 H*, or D*;/cm® using Cockcroft Walton type
accelerator.

After the implantation, the Al specimen, thin enough to pass
through for 200 keV electron, was installed into the diffraction
chamber of the -electron microscope, HITACHI HU-500, and was
bombarded with the electron beam with the energies of 200 or 400
keV. The electron beam current was about 300 to 400 nA with the
beam size of about 4 x 10 ®cm®, giving roughly 4 - 6 x 10'°®
electrons/cmZ