TITANIUM DEUTERATION WITH etz sepcrions
NEUTRON EMISSION THROUGH ——————
ELECTRICAL DISCHARGES

L. MELENDEZ,* E. CHAVEZ, R. LOPEZ, G. J. CRUZ, and M. G. OLAYO
Instituto Nacional de Investigaciones Nucleares, Plasma Physics Laboratory
Apartado Postal No. 18-1027, México, D.F., México

A. CHAVEZ and M. BALCAZAR Instituto Nacional de Investigaciones Nucleares
Radiation Physics Department, Apartado Postal No. 18-1027, México, D.F., México

Received September 8, 1997
Accepted for Publication July 7, 1998

rium at a high pressureln the third type of experi-
ment, titanium electrodes are immersed in a deuterium

To search for the absorption of deuterium gas inatmosphere, and the deuterium is forced into the tita-
titanium plates and the neutron emission from this pro-hium structure by electrical dischargeg.Once inside
cess, electrical discharges between two titanium eleche lattice, the deuterium may be involved in fusion
trodes in a deuterium atmosphere have been performedeactions.
During the discharges, a temperature300°C on the Deuterium forced into the lattice structure of metals
surface of the electrodes was measured. A typical chasuch as titanium and palladium can produce the condi-
acteristic of the phenomenon observed was the deutetions to induce fusion reactions. This assumption is based
ation of the electrodes. Pressure reduction was notoriousn two reported experimental observations: neutron emis-
when the chamber was previously cooled with liquid airsion and the release of a considerable amount oft#&'at.
Deuterium absorption seemed to be present in all experFhere are some theoretical models to explain the neutron
iments whether or not liquid air was added on the deuemission from the fusion reactions(®n)3He and
teration chamber. Sheets of CR39 plastic detectors, B(d,p)T (Refs. 11 through 14 One of these models sug-
Bonner sphere, and a fission chamber were used to loaffests that Coulomb barrier tunneliigroduces fusion
for neutron emission. reactions. Other theoretical models assume that the fu-
sion reactions are partially due to a reduction in the di-
mensions of deuterium atoms inside the latfit€.*
Finally, other models developed around the same prob-
lem have been proposed on the basis of new particle in-
teractions that demand drastic changes in our way of
understanding the cold fusion phenomendn.

The objective of this work is to obtain experimental

The possibility of inducing nuclear fusion reactionsdata to support the deuteration phenomenon and the neu-
at low temperature in solid-state materials has beetron emission, according to the third type of experiment,
widely discussed? The evidence for such reactions is using electric discharges. A vacuum chamber was built
based mainly on three types of experiments. In the firsto induce deuteration in titanium electrodes through elec-
group, the electrolysis of an aqueous heavy water solurical discharges in a controlled deuterium atmosphere.
tion is utilized to load deuterium in palladium and tita- In contrast with other authors, we have used massive ti-
nium structures;? in this experiment the deuterium tanium electrodes;-2 kg in all, immersed in a deute-
separates from the aqueous solution and penetrates @ium atmosphere up to ¥0forr (Ref. 16.
ther the palladium or titanium lattice. In the second type  The vacuum chamber and the measuring devices are
of experiment, the titanium lattice is loaded with deute-described in Sec. Il. Section Il contains the experimen-
tal sequence as well as its main outcome. Conclusions
*E-mail: Iml@nuclear.inin.mx are provided in Sec. IV.

I. INTRODUCTION
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1. EXPERIMENTAL SETUP Three types of neutron detectors were included in
the experimental setup for detecting possible neutron

The experimental setup, shown in Fig. 1, consist&mission: a 93%%*U fission chamber, a Bonner’s sphere,
of a cylindrical stainless steel, 0.2-m-diam, 0.6-m-highand CR39 plastic detectofkin Fig. 1). All detection ef-
vacuum chamber labeled asThe vacuum chamber con- ficiencies were calibrated using a californium neutron
tains two sets of titanium electrodes; the first dbg¢is  source and paraffin wax absorbers of different thicknesses.
composed of four 0.003x 0.05- X 0.45-m plates and Three sets of ten CR39 plastic detectors were used.
is kept at a negative potential. The second set acts asTde first one was inserted between 0.04-m-thick paraf-
positive electrode and consist of two titanium bégs,  fin wax blocks(l) outside the chamber;0.45 m from
with a 0.005-m radius and a 0.5-m length. The total masks axis. In this set, one-fourth of the CR39 plastic detec-
of both positive and negative electrodes-ig kg. tion area was covered with lithium borate to increase the

Two turbomolecular 50@/s vacuum pumps$c), a  thermal neutron detection efficiency. The second set of
Pirani vacuum gaugéd), and a 10! to 10 * Torr ion  bare plastic detectors, without lithium borate, was allo-
gauge( f) were used for providing and assessing prescated at the inner wall of the chamber. Both sets of plas-
sure conditions. CP-grade,[k) at room temperature is tic detectors remained there throughout the 3-month
admitted into the chamber by means of a micrometriexperimentation period. A third set of plastic detectors,
sapphire valveh). With the exception of the electrode kept in the same laboratory but far from the experimen-
circuit, the equipment is kept at a floating potential.  tal setup, assessed the background signals from environ-

A power source supplies 50/800 A for electrode mental radon.
degassing, and another one supplies 45®A/for the
breakdown and sustainment of the discharge.

In some experiments the electrodes were cooled g, eypppMENTAL DESCRIPTION AND RESULTS
cryogenic temperatures by partially immersing the vac-
uum chamber in a liquid air reservdir).

Analysis of residual gases taken from the experimen-  Most of the contamination on the electrode surfaces
tal device was carried out using a Leybold Heraeus @vas removed by polishing and cleaning with detergent,
200 mass spectrometéf). Temperature measurement acetone, and isopropyl alcohol. Later, the electrodes were
was made using five K-type thermocoupl@y, which  degassed by heating up to 7Q0n the vacuum chamber
were distributed along the titanium electrodes and on thtor 30 min by means of a 300-A electric current. The vac-
interior wall of the vacuum chamber. uum chamber was conditioned at the same time as the
electrode degassing with a 2.5-h pumping until a:8.3
10 ° Torr pressure was attained.

Deuterium was injected into the chamber to reach a
pressure of 10Torr through the sapphire valvl). The
electrodes were polarized, thereby increasing the volt-
age up to the breakdown point, according to the growing
deuterium pressure. This process finally ended when arc-
ing conditions were attained.

c In this manner, several relevant results were ob-
tained. The vacuum chamber pressure was reduced by
one order of magnitude in a time40 min when the
chamber was partially sunk in liquid air without elec-
tric discharges in the electrodes, as can be observed in
= Fig. 2. In Figs. 2, 3, and 4, the voltages between elec-
———— trodes are displayed as well as the times in which the
liquid air was added. When no liquid air was used, the
chamber pressure always increased, depending mainly
i on the initial pressure value and the discharge intensity
(see Fig. 3). However, when liquid air was added at room
temperature, the chamber pressure reduction was remark-
able during the electrical discharges between the tita-

Fig. 1. Schematic of the experiment. The configuration of elec
trodes inside the vacuum chamber is shoya).Vac-

S nium electrodegsee Figs. 2, 3, and 4).
uum chamber{b) negative titanium electrodesc) . B
vacuum pumps(d) Pirani vacuum gaugég) thermo- Thus, during the electrical discharges, when the cham-

couples:(f) ion gauge:(g) positive titanium elec- DPer was cooled down, the pressure decreased at a rate
trodes;(h) sapphire valve(i) liquid air reservoir,(j)  faster than by cooling only, even though the electrode
mass spectrometefk) deuterium cylinder(l) plastic ~ temperature increased. Without liquid air cooling, the
detectors and paraffin blocks. pressure grew during the electrode electric discharge, as

72 FUSION TECHNOLOGY VOL. 35 JAN. 1999



Meléndez et al. TITANIUM DEUTERATION VIA ELECTRICAL DISCHARGE

101 . - T T T T T T T T T T T T T T T
] quuld Alr : 10 3;0/ V. Liquid Air {00 V]
] 300 V/ \3:0 %
1 280 V
—_ 400 V
= 380 V 5
o
é 10° E . £ o4 o .
o ] - 7o
: T esov V|
] ] Y 1000 V 84
500 V N
1 2000 V
a-o
D2
10—1 . 10-2 T T T T T T T
0 20 40 60 %0 100 0 20 40 60 80 100 120
Time (min)

Time (min)

Fig. 3. Time evolution of the vacuum chamber pressure. Lig-
uid air cooling was applied at the three points indi-
cated. Without liquid air the pressure always increases
(e.g., the intervals where voltage between electrodes
were kept at 280 and 800)VWhen liquid air was added,

Fig. 2. Time evolution of the vacuum chamber pressure. Lig-
uid air cooling was applied to the chamber at the indi-
cated times. Electric fields between titanium electrodes
were maintained during the intervals labeled with the

corresponding voltage values. In the first part of the
curve, only liquid air was added. The pressure reduc-
tion was much less than one order of magnitude. After

the chamber pressure reduction is remarkable. After
switching off the electrode voltage, deuterium is ad-
mitted to the chamber at~ 110 min.

that, electrical discharges between electrodes were

applied.
. . . . 7 Liquid Air
shown in Figs. 3 and 4. Although, during discharges, the 1300 \/\410 v
typical temperatures measured on the electrode surfaces o'y | .

same positions reacheeB00°C. These temperatures rap- _
idly decreased to typical values once the discharges endeg.

Both fission chamber and Bonner sphere neutro, 1¢°4
detectors registered counts only when the electricas- ]

were~200°C, the highest temperatures registered in the ] ”\ ]

11l

discharges were in progress. The number of counts inthe | 410V ]

two detectors was related to the intensity of the dis- 1000V |

charge. Yet, in these electronic detectors, the neutron ]0-? 800V__a 3

counts and the electrical noise signals could have been ] %4'«:: S
. . . ] Liquid Air

mixed together, making the spectra not completely reli- - —

able(see Figs. 5 and)6 0 10 20 30 40 50

The CR39 detectors showed a track density higher than Time (min)

the background levels. One-fourth of the area of the sur-
face of each detector was covered with a 308-coat of Fig. 4. Time evolution of the vacuum chamber pressure. Lig-
lithium borate to increase the sensitivity of detection. Thus uid air cooling is applied at— 3 min and at - 44 min

o - C ’ only. Without liquid air, the 300-V electrical discharge
we have four curvesin Fig. 7 showing the track density as increases the chamber pressure. During the liquid air
a function of paraffin wax thickness. The vertical axes on cooling effect, the pressure always decreased. The 410-V
the right sides refer to the radon concentration using the current between electrodes is maintained from
conversion factor 9.25 Ban3, equivalent to 10 track/ 3 min tot ~ 35 min.
m?.day. The first three plastic detector curves, correspond-
ing to three quarters of the surfaces without lithium borate
[curveda),(b), and(c)], exhibit more than X 107 tracks/
m?2 The last curvéd), which corresponds to the plastic areaanalysis of residual gases from the mass spectrometer does
covered with lithium borate, reaches a density up to littlenot show any signal of tritium.
more than 4. 10" tracks'm? Inthese curveiFig. 7) there In comparing the peaks corresponding to the cases
are two peaks corresponding to two differentenergies. Thie@ which the lithium borate converted foil were used
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Ni

¢(E)

number of the nuclei per volume unit

neutron flux whileF' is the corresponding
efficiency factor.

So, for a bare detector and neutron enerdgigs> 100
keV, the main neutron detection process is by proton
recoiling from the hydrogen contained in the detector
itself and in the wax o ~ 4 b). For energies>2 MeV
there is an alpha-particle contribution from the reaction
14N (n, @) *'B with a cross section valug0.4 b. The lith-
ium borate converter foil provides alpha and tritium par-
ticles out of the reaction8Li (n,a)T and °B(n,a)’Li

— = with Q values of 4.78 MeV and 2.792 MeV, respec-

ENERGY tively, and cross sections of 150 and 600 b for a neutron

Fig. 5. Energy spectrum obtained under the electrical disenergy of 1 eV. Both cross-section values drop rapidly

charges using a Bonner’s sphere. with the neutron energy as(E) ~ E~ %2, reaching
0.2 b at 1 MeV.

COUNTS

2. There is a logarithmic neutron fluence reduction,
by the wax blocks resulting from the absorption and scat-
tering of neutrons, down to 1% for energies of 2 MeV at
a 0.04-m wax thickness. A fluence reduction also arises
from the solid detection angle.

3. There exists a neutron energy reduction due to
multiple neutrons scattering in the wax blocks.

COUNTS

Thus, the explanation of the peaks present in Fig. 7 can
be drawn from these three facts. A reproducible curve
shape is systematically observed in the set of detectors
(@), (b), and(c) with a peak well above the radon back-

L ground. No neutron signal is observed at large paraffin

thickness(~0.2 m) because of the reduction both in
neutron fluence down to 1% and in the solid detection
ENERGY angle.
Fig. 6. Energy spectrum obtained under the electrical dis- .At high paraﬁln_thlpkness Vallf'es’ one might expect
charge using a fission detector. a higher track density in the plastic detector because, as
the neutrons reduce their energy, the cross section values
of the two aforementioned nuclear reactions increase
nearly three orders of magnitude. However, the solid an-
with those without it, three facts were taken intodle reduction and the escape of neutrons from the main
consideration: beam seem to be dominant.
Although the contribution of protons from the wax
1. The total track density due to neutrons ina CR39 block is screened by the lithium borate foil, the peak high

detector is in curve(d) is twice as high as those in curvés), (b),
E and(c) because th& and alpha particle contribution at
p=SN f FI(E)o'(E)¢(E) dE , high neutron energies from the reactitin (n,a) T over-
Eo comes such a screening effect.

Some experimental problems arise when defining
where neutron spectra using an electronic detector such as the
i = each of the nuclei yielding charged parti- BOnner's sphere: The neutron fl@y/m?-s)is too small,
cles through nuclear reactions induced byand_the noise introduced by the electric discharges in the
neutrons in the plastic detectors and in theduipment mterferes_wﬁh the neutron S|gn_al. We are in
converter foil the process of modeling the neutron detection system on
the basis of plastic detectors to increase the detection

o'(E) = cross section for th&th nuclear reaction  efficiency.

74 FUSION TECHNOLOGY VOL. 35 JAN. 1999



Meléndez et al. TITANIUM DEUTERATION VIA ELECTRICAL DISCHARGE

Bg/m? Bg/m?
3000— . — —300 C%9 3000———— : q300
%‘ 2500} @ {250 e’ﬂgzsoo- (b) {250
~. ~
2 i)
S 2000f {200 S 2000 {200
= =
3, 1500 1150 % % 1500 S ; e 150
K ) K = T
o 1000 : 100 M @ 1000 ——+—1100
background g \\,I/ background
500 . e sy .2 . . ‘ . X
0 05 1 15 2 =! 3005 05 1 52
Paraffin Thickness (m =) 1
(m) Bq/m’ Paraffin Thickness (m) Bg/m>
- . - . 3000 . : : —300
5000t {500
o —~
‘g 2500 lzso
£ 4000} £ ©
7 {400 3
: £
< < 2000 1200
Lo
£ 3000 1300 =
< <
=) =
% 2000f {200 S : 1\/{/'[}\ 7150
' . . ) background 100 §§§§ 23 background 100
0 .05 1 .15 2 0 .05 1 15 2
Paraffin Thickness (m) Paraffin Thickness (m)

Fig. 7. Track number per square metre from the CR39 plastic detectors. The first threg alj@sand(c) were obtained without
thelithium borate layer. Curv@l) corresponds to the plastic area covered with a thin film of lithium borate; the peak observed
does not overcome the background signal because of the environmental radon concentration present in the laboratory.

IV. CONCLUSIONS The electronic detectors always registered neutron
counts during the discharges between electrodes. It was

Deuteration of titanium plates in the presence of elecfound that these counts were induced partially by elec-
trical discharges has been systematically observed on #romagnetic noise originated by the discharge itself. Be-
experimental assembly of massive electrode2 kg in  cause of this noise, it was not possible to register reliable
all) placed inside of a vacuum chamber. neutron emission evidenc¢€igs. 5 and &

As the chamber was cooled down with liquid air The CR39 plastic nuclear track detector used in this
1 min before the discharge, a decrease in the deuteriuaxperiment is neither sensitive to the background pro-
pressure inside the chamber, produced by the electrodiiced by the gamma rays associated with a neutron emis-
discharge, was recorded. It is possible that a mechanission nor to the electronic noise induced by the electric
of forced deuteration was established through the eledischarges. Background nuclear tracks in the CR39 plas-
trical discharge among electrodes. On the other handic detectors are from environmental radon and its decay
when the discharge began without liquid air cooling, theproducts. The radon background evaluated for 3 months
pressure increased. from a set of plastics in the laboratory neighborhood was

The temperatures registered on the electrode sufi125+ 25) Bg/m?®,
faces during the discharges wer&00°C. These values The CR39 detectors permanently recorded as nu-
decreased to 200 ~1 min after the end of the electric clear tracks the recoils produced by the interaction of neu-
discharge. An explanation for this event could be that thérons and the hydrogen, carbon, and oxygen nuclei, which
deuteration of metals such as titanium is an exothermiconstitute the plastic structure. In this way nuclear tracks
process! The rapid reduction in temperature could en-induced by neutron emission in all the experiments dur-
tail an inverse deuteration mechanism. A pressure incréng a 3-month period are added in the plastic detectors.
ment could also be involved in the latter phenomenon, A neutron energy of 2.5 MeV is expected from a
although this was produced at a slower rate than the tengold fusion experiment; in such conditions oxygen and
perature variation. carbon recoils are hardly observable because their
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corresponding track lengths in CR39 detectors are, at. G. M. McCRAKEN et al., “Experimental Search for Cold
most, 1 to 2um. On the other hand, hydrogen recoils Fusion in Deuterium-Titanium System’Phys. D: Appl. Phys.
are the main neutron signal in CR39 in the energy in23, 469(1990).

terval of 100 keV to 2.5 MeV, with track lengths of 3

and 90 um. Neutron probabilit interactiongwas in- 6. L. CHATTERJEE, S.MANDAL, andA. CHAKRABARTY,
LTt . pro! y “Electron Accumulation and Reproducibility of Cold Fusion,”

creased by placing paraffin absorbers to slow down thg,qian 3. Pure Appl. Phys31, 131(1993).

neutron velocity, whereby taking advantage of the high
neutron thermal cross section for bdfB(n,«)’Li and 7. T.C.KAUSHIK et al., “Preliminary Report on Direct Mea-
8Li(n,a)T reactions. surement of Tritium in Liquid Nitrogen Treated TiBChips,”
An anomalous peak well above the background wa#dian J. Techno|.28, 667(1990).
observed at a 0.04-m paraffin thickness. Curves ob-
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foil show similar track dens'tlpfs.’ Whereas the peak of th erium L,oaded Thin TitaniumgFoiIs,Proc. Photo Voltaic
curve for the case with the foil is two times greater thaq\/lodule Reliability Workshgenver, Colorado, Vol. 1, p. 375
the previous ones. (1991).
The explanation for the anomalous peaks may be
nothing other than that they are produced by a neutron9. D. J. CRAVENS, “Improved Protocols for Observation of

emission. More experiments are in progress to improvénomalous Heat from Deuterated Palladiufroc. 209th ACS
the neutron detection system. Natl. Mtg., Washington, D.C., p. 1097, paper NUCL 47, Amer-
ican Chemical Societ{1995).

10. Z. QINGFU et al., “The Excess Heat Experiments on Cold
ACKNOWLEDGMENTS Fusion in Titanium Lattice,Chin. J. At. Mol. Phys 12,2, 165

The authors wish to thank to S. Mirnov and H. Jiménez D.(1995),

:‘otr)thei_r comments and J. C. Vazquez M. for his technical COl'll. J.S. COHEN and J. D. DAVIS, “The Cold Fusion Family,”
aboration. Nature 338, 705(1989).

12. S. E. SEGRE, S. ATZENI, S. BRIGUGLIO, and F. RO-
REFERENCES MANELLLI, “A Possible Mechanism for Neutron Emission from
Deuterium Trapped in Metals,” RFUS/89/20 ENEA(1989).
1. M. FLEISCHMANN and S. PONS, “Electrochemically In- .
duced Nuclear Fusion of Deuterium]” Electroanal. Chem. 13. S.ATZENI, S. BRIGUGLIO, and F. ROMANELLI, “Some
261, 301(1989). Theoretical Considerations About Cold Fusion Reactions from
Deuterated Metals,” RFUS/89/10 ENEA(1989).
2. S. E. JONES et al., “Observation of Cold Nuclear Fusion

in Condensed MatterNature 338, 737(1989). 14. A. TAKAHASHI, “Opening Possibility of Deuteron-
Catalyzed Cascade Fusion Channel in PdD Undgd Blec-

3. H.UCHIDA, Y. HAMADA, Y. MATSUMURA, and T. HA-  trolysis,” J. Nucl. Sci. Technqgl26, 5, 558(1989).
YASHI, “Detection of Radioactive Emissions in the Electro-
lytic Deuteriding-Dedeuteriding Reactions of Pd and Fitpc.  15. T. MATSUMOTO, “Mechanisms of Cold Fusion: Com-
Int. Conf. Cold Fusion, Nagoya, Japan, October 1992, p. 539rehensive Explanations by the Nattoh Mod&lgm. Fac. Eng.
(1992). Hokkaido Univ, 19,2, 201(1995).

4. A. DE NINNO and V. VIOLANTE, “Study of Deuterium 16. L. MELENDEZ et al., “Electrdlisis Gaseosa en un Sistema
Charging in Palladium by Electrolysis of Heavy Wate(i-  Deuterio-Titanio,”Proc. Il Reunién Nacional sobre la Energia
sion Technol.26, 1304(1994). y el Confort, México, p. 2511990).

L. Meléndez (PhD candidate, physics, Metropolitan University of Mexico,
1997 has headed the NOVILLO tokamak project since 1985. His research in-
terests span most aspects of plasma physics.

E. Chavez(MSc, physics, Metropolitan University of Mexico, 190i8 in-
terested in the simulation of magnetic fields and their perturbation at the stochas-
tic edge of diverted tokamaks.

R. Lopez (MSc, electronic engineering, National Polytechnic of Mexico,
1986 is interested in industrial control, microprocessors, and microcontrolled-
based systems as well as power electronics.

76 FUSION TECHNOLOGY VOL. 35 JAN. 1999



Meléndez et al. TITANIUM DEUTERATION VIA ELECTRICAL DISCHARGE

G. J. Cruz (MSc, chemical engineering, National Polytechnic of Mexico,
1988; PhD, Metropolitan University of Mexico, 199i8 interested in the plasma
processing of materials.

M. G. Olayo (BA, mechanical and electrical engineering, National Univer-
sity of Mexico, 1982 carries out her research work in the field of low-temperature
gas plasma and has acted as a referee for several international publications.

A. Chavez(BA, physics, National University of México, 197 headed the
physics section of ENCB IPN from 1973 to 1984 as well as several projects at
the Instituto Nacional de Investigaciones Nucleditd8N ). He currently directs
the ININ Nuclear Tracks Laboratory.

M. Balcazar (PhD, physics, University of Birmingham, 19)7i8 Director of
Scientific Research at ININ, where he conducts a group of scientists devoted to
the applications of radiation physics to several fields. His main field of interest is
environmental detection of radionuclei and dosimetry.

FUSION TECHNOLOGY VOL. 35 JAN. 1999 77





