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Abstract

Excess tritium analysis was performed to verify whether or not cold fusion occurs during
electrolysis of heavy water in the current density range of 83~600 mA/cm? for a period of 24
~48 hours with use of palladium electrodes of seven different processing treatments and
geometries. The extent of recombination of D, and O; gases in the electrolytic cell was
measured for the calculation of accurate enthaplpy values. The behavior and interaction of
hydrogen atoms with defects in Pd electrodes were examined using the Sieverts gas charging
and the positron annihilation(PA) method.

Slight enrichment of tritium observed was attributed to electrolytic enrichment but not to the
formation of a by—product of cold fusion. The extent of recombination of D, and Op gases
was 32%. Hence the excess heat measured during the electrolysis was considered to be due
to the exothermic reaction of recombination but not to nuclear fusion.

Lifetime results from the PA measurements on the Pd electrodes indicated that hydrogen atoms
could be trapped at dislocations and vacancies in the electrodes and that dislocations were
slightly more preferred sites than vacancies. It was also inferred from R parameters that the
formation of hydrides was accompanied by generation of mostly dislocations. Doppler
broadening results of the Pd electrodes indicated that lattiec defect sites where positrons were
trapped first increased and then decreased, and this cycle was repeated as electrolysis con-
tinued. It can be inferred from PA measurements on the cold-rolled Pd and the isochronally
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annealed Pd hydride specimens that microvoid—type defects existed in the hydrogen—charged
electrode specimen.
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1. Introduction nels for D~-D fusion are
D+D—Pp T(1.01 Mev)+P(3.02 Mey
Recently, many investigators reported the al F+PL )
observations of anomalous production of excess and
heat, neutrons and trittum during constant current

D+D—Pp 3He(0.82 Mev)+n(2.45 M
electrolysis of heavy water with use of the palla- b “Hel ev)+n( ev).

dium electrode.[1~3] If these phenomena Therefore, the observation of neutrons and tri-
proved to be true, it could have significant impact tiums is very important to confirm nuclear fusion.
on development of a new energy source. There The detection of neutrons, however, is more diffi-
are some unanswered Questions, however. The cult than that of tritium and it requires more
fusion by—products were observable only in spor- elaborate measurement because of its very low
adic bursts, and no reproducible results could be emission rate generally. The purpose of the first
obtained. Experimental results reported so far phase of this study was to verify cold fusion phe-
were not all convincing because the tritium enrich- nomena by investigating whether excess tritium is
ment by isotope effects during electrolysis and the emitted during electrolysis of heavy water at the
effects on measurements of excess heat due to the palladium electrode and effects on measurements
recombination of Oy and Dy were not fully taken of excess heat due to the recombination of Dy and
into account. Nevertheless, Srinivasan [3] re- O;. The tritium enrichment and possibility of emis-
ported the production of tritium at levels of ~10? sion of excess frittum by electrolysis were ex-
to ~10* times its background levels in a few cells. amined with use of the liquid scintillation counter
This result cannot be readily explained as the (LSC). The extent of recombination of Dy and O,

effect of isotope enrichment. The dominant chan- in the electrolytic cell was measured for the cal-
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culation of accurate enthalpy values.

Since the calculated fusion rate at the internuc-
lear separation of 0.74 A in the deuterium mole-
cule is ~107%*S7*[4], and the known interstitial
site separation is approximately 3A, the rate re-
ported by Jones{2], namely, 10728~ cannot be
explained. Hence if the fusion reaction in the pal-
ladium lattice really occurred, it could be assumed
that the nuclear fusion reaction occurs due to an
effect of lattice defects or an unknown mechanism
for non—equilibrium state during electrolysis. The
following different models or mechanisms that
may possibly explain the cold fusion experiments
have been suggested since these can not be simp-
ly interpreted by today’s existing nuclear physics. :
piezonuclear fusion[2] due to the formation of
ultra—high pressure in voids in the palladium lat-
tice, crack induced fusion[4] by acceleration of
deuterium ions due to the high voltage drop
across fine cracks as cracks grow instantly, muon
catalyzed fusion[5], and surface model[6] due to
the formation of dendrites during prolonged elec-
trolysis on the electrode surface. In the light of the
above discussion, it is necessary for better under-
standing of cold fusion mechanisms to examine
the behavior and interaction with defects of hyd-
rogen that behaves similarly as deutrium in palla-
dium electrodes. To examine the effects of hyd-
rogen charging of palladium electrodes and the
interaction of hydrogen atoms with lattice defects,
the following studies were conducted with use of
the positron annihilation(PA) technique and
Sieverts gas charging method : New defects occur-
ing during hydrogen charging were examined by
PA measurements on cold-rolled Pd and the Pd
hydride specimen. The interaction of hydrogen
atoms with lattice defects in none—equilibrium
state during electrolysis was then inferred from
Doppler broadening measurement. The preferred
defects sites for hydrogen trapping were also ex-

amined from PA measurements of trap—intensities.

II. Positron Annihilation Measurements
I 9. Principles

When positrons with certain energy enter the
condensed matter, they lose their energy within a
few psec by ionizing collisions, positron—electron
inelastic scattering and phonon scattering. This
process is known as thermalization. The implanta-
tion depth of positrons in metals is dependent
upon the positron source and metal density. It is
usuall 100~200 uxm in metals for positrons from
22Na that is the most commonly used isotope. [7]
The probability of finding a positron in the perfect
lattice is highest at the interstitial sites and lowest
at the sites of ion cores of metal because a posi-
tively charged positron is repelied from the ion
core with the same charge. A thermalized positron
annihilates through the recombination with an
electron and emits two gamma quanta of mainly
511 keV.

The decay scheme of ??Na and the basic princi-
ples of three types of positron annihilation
measurement, namely, that of lifetime, Doppler
broadening and angular correlation are illustrated
in Fig. 1. The %Na decay emits positrons and
characteristic 7 —rays within a few psec. Hence
the life time of the positron can be detected by
measuring the time gap between the births of the
initial ¥ ~ray of 1.274 MeV and the annihilating
¥ —ray of 511 keV. The average lifetime of posit-
rons and the Doppler broadening parameters are
characteristic of particular materials and their de-
fect conditions. Details of positron annihilation
measurements and their interpretation are re-
ported elsewhere. [8].

I -2. Positron Annihilation in Defected Metals

If there are defects in metals such as vacancies
or dislocations, positrons are trapped and the life-
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Fig. 1. The decay scheme of ?Na and illustration of
three parameters (lifetime, Dopple broaden-

ing, angular correlation) of positron annihila-
tion measurements

time becomes longer since the electron density at
such defects is lower than at a regular lattice site.
Since each type of defects has a distinct electron
density profile, positron life time is different for
different type of defects in a given material. Hence
positron life time can be a fingerprint of each type
of defects.

Difference in the electron density profile around
defects also affects the Doppler broadening ener-
gy spectrum of annihilating ¥ —rays. In metals a
positron annihilates not only with a valence elec-
tron but also with a core electron. Because of the
higher momentum of a core electron, the Doppler
shift of an annihilating 7 -ray emitted from a
positron—core electron pair is higher than that
from a positron—valence electron pair. Since the
density of core electrons is diminished, Doppler
broadening line—shape becomes narrower and

sharper when a positron interracts with a defect..

Details of Doppler broadening line—shape para-
meters (D, W, R) and their analysis methods have
been reported elsewhere. [8].
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E-3. Positron Annihilation in Metal-Hydrogen
System

The possibility of utilizing the positron annihila-
tion technique in studies of hydrogen trapping and
embrittlement of metals has been investigated on
the basis of the following physical processes. Hyd-
rogen atoms dissolved in a metal exist in the form
of protons and electrons, and these enter the con-
duction band of the host metal.[9] Since posit-
rons have the same charge, and they are also apt
to be trapped at the same type of defects, the
positron trapping capability of each type of defects
in a metal~hydrogen system is reduced because of
proton repulsion. Hence if the positron lifetime
and other parameters are measured for a metal
before and after hydrogen is charged into the met-
al, it is possible to find actual hydrogen trapping
sites and the frequency of hydrogen trapping.

K -4. Hydrogen in Palladium Crystal

The palladium-hydrogen system has been stu-
died for many years because of the widespread
use of palladium as a hydrogen purifier and a
membrane that permits a rapid rate of permeation
of hydrogen. In the low hydrogen content region
of primary solubility its solubility is described by
the Sieverts law as n=K,P"/2 where n is the atom
ratio of H to Pd. As the hydrogen concentration
increases, deviation from the Sieverts law due to
H-H attractive interaction occurs. This interaction
ultimately leads to the formation of the second
hydride phase(g2~phase). In the regions of prim-
ary solubility where both the « —phase and the g
-phase exist, absorbed hydrogen atoms have been
shown to occupy octahedral interstitial sites. [10]
Since the formation of hydrides results in an
abrupt expansion of the lattice from ag=3.985 A(
a-phase) to 4.025 A(B-phase) at 24C, the
stress fields are created.[11]
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It also has been shown that there is a significant
solubility enhancement of hydrogen in the region
of the a-phase in cold worked palladium.[12]
This increased solubility is attributed to trapping of
hydrogen atoms in the strain fields of dislocations.
The role of vacancies in hydrogen trapping has
not been verified experimentally, however, be-
cause the size of vacancies is very small and its
control is difficult. If the PA instrument that can
distinguish a unit vacancy is used, the possibility
of hydrogen trapping at a vacancy can be deter-
mined indirectly.

Following the transformation of the « to thd g
—phase, the solubility of hydrogen under a given
equilibrium pressure is enhanced. The currently
favored explanation for this is that hydrogen is
trapped at dislocations generated during the phase
change since there are marked similarities be-
tween the hydrogen absorption isotherm following
the phase change and that exhibited by heavily
cold worked palladium. [13].

K. Experimental Methods
K -1 Electrolysis
K-1.1 Tritium Measurements

Tritium that occurs as a by—product of cold
fusion appears to be the least ambiguous evidence
and also is the most easily measured. The produc-
tion of trittum can be possible due to not only
fusion reaction but also to enrichment during elec-
trolysis. A build-up of tritium in the electrolytic
solution without fusion can occur because deuter-
ium is evolved preferentially over trittum when
heavy water is electrolyzed. The tritum enrich-
ment cab be expressed as: [14]

vf/vo: [Nf/No] B (1)

where N, and N; are the initial and final numbers

of tritium atoms in the electrolyte, B is the isotopic
separation factor that usually ranges from 1.6 to 2,
and V, and V; are the initial and final volumes of
the electrolyte.

The electrolytic cell used in the present study is
shown is Fig. 2a. The anode used in the cell was
the same for all experiments, namely, a 1Imm dia-
meter platinum wire, and heavy water containing
0.1 M LiOD was used for electrolysis. The elec-
trolytic solution was prepared by dissolving metal-
lic lithium of 99 % purity in heavy water of 99.75
% purity. Table 1 summarizes the heat treatment
conditions, geometry and dimensions of the elec-
trode specimens.

Electrolyses were conducted with the current
density range of 83~600 mA/cm? for a period of
24~48 hours. Experimental conditions are

+ p—
Power supply _ + Amperemeter

L":j: Voltmeter
e
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\
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(b)
Fig. 2. Schematic diagram for measurement of

D,~0, recombination
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Table 1. Various processing and geometry coditions of the palladium electrode specimens

Specimen Processing conditions Geometry Dimensions unit : cm
S1 as 50% cold rolled sheet 5.6X0.13X0.25
S2 led for 24 h

as anneaae . or rs rod 09D* X5
at 1100T in vacuum
S3 as extruded rod 0.2DX5
i * %k
S4 as cast irregular
lump
as quenched to 0 C after annealing
S5 heet 5.3%X0.2X0.2
at 1100C shee
as annealed for 24hrs
S6 heet .0X0.24X0.
at 1100C in vacuum shee 5.0%0.24x0.13
as extruded and given
S7 Do gas charging {1 atm) rod 0.1X5
for 2 hrs at 150 C

¥ D denotes diameter

% % small broken pieces of cast palladium with irregular surface and geometry

summarized in Table 2. Beta particles arrising
from tritium decay were monitored by the liquid
scintillation counter (Beckman model LS 3801).
Electrolyte samples of 2.5 ml were taken from the
cell and the Aqualuma scintillation cocktail was
added to them They were then allowed to decay
for 30 min. to minimize chemiluminescence.

In order to obtain separation factors the palla-
dium cathode was replaced by platinum and
values of Ny, N, V, and V; were then measured.
N; and N, values were obtained using LSC.
Amounts of excess beta particles were recalculated
using the equation (1).

X -1.2 Recombination of D, and O, Gases

Recombination of D, and O, gases must be
considered to obtain a more accurate enthalpy
value for the electrolysis reaction in an open
calorimetric system. If the net Faradaic efficiency
K of gas evolution is known, the electrolysis pow-
ere P,y then becomes

Papp = Eapp X1= Pcell + pgas

= {(Eapp—K X 1.54V) X1} +K 11.54V X1}

where Pg, represents the power consumed for the
evolution of D, and O, gases, and P, is the
remaining power consumed in heating the cell
content. If no gas escapes from the cell due to
efficient recombination process, then K=0, and

pressure transducer

bellow valve

— {gj hydrogen reservoir

. hfdrogen reservior

Vacuum pump

Pirani gage
butterfly valve

quartz tube

-spectmen

La furnace
L]

Fig. 3. Schematic diagram of the Sieverts charging

system
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Table 2. Experimental conditions for measurement

of excess radiation

. Current
Experiment . ] Charging
designation Specimen | - density time(hrs)
{mA/ crf)
El S1 83 25
E2 52 542 25
E3 S3 500 25
E4 S4 600 24
E5 S5 500 24
E6 S1 327 48
E7 56 486 48
E8 S7 600 24

the above equation results in P,,,=P.. as ex-
pected, with all of the applied power consumed in
heating of the cell content. Alternatively, if the
gases escape with unit efficiency, then K=1, and
Peen=(Eapp—1.54V) X 1. Several investigatiors[1, 3]
have assumed K=1 in analysis of the calorimetry
data.

The extent of recombination of Dy/O, gases
was investigated in the present study with use of
the two cells each with and without a diaphragm
as illustrated in Fig. 2a and Fig. 2b The extent
of recombination was calculated from the
measurements of the decrease in the weights of
the two cells before and after electrolysis with use
of the 40 ml electrolyte at 1018 mA/em? for 24
hours. The decrease in the weights was measured
with use of the Mettler balance (model PC 440
with an accuracy of 0.1 mg), and then the value

of K was calculated.
M -2. Positron Annihilation (PA) Measurements
H-2.1 Specimen Preparation

Annealed palladium sheet specimens were cold

rolled with reductions of 30, 50 and 70% in thick-
ness to examine effects of dislocations. Specimens

were also prepared by quenching into ice water
after the annealing to examine effects of vacancies
on positron annihilation measurements. All of the
specimens were cut into 2mmX2mm X 1mm
pieces with use of a diamond wheel cutter and
these were then polished on 600 grid paper.

Reference specimens for PA studies were
annealed at 1000 C for 8 hours and were used to
calibrate lifetime and Doppler broadening para-
meters.

Palladium hydrides (PdHy ¢} were prepared with
use of the Sieverts gas charging system to study
what new defects other than dislocations occcur
due to the formation of hydrides. The palladium
hydride specimens were also given isochronal
heat-treatments for 2 hours at 100, 200, 300,
400, 500 and 600 T, respectively. Fig.2 shows
the Sieverts gas charging system used.

The lifetime and Doppler broadening para-
meters were measured with use of the PA measur-
ing instrument in the Non-Destructive Test
Laboratory of the Korea Research Institute of
Standards and Science. The details of the PA
measurement system have been reported else-
where. [8]

[-2.2. Experimental Methods

PA measurements were made with use of well
annealed Pd polycrystalline specimens to deter-
mine their positron lifetimes and Doppler
broadening line—shapes. These measurements
were used as references in analysis of PA
measurements data of the above—mentioned
specimens. PA measurements were made on
several specimens for each specimen processing
condition. The average life time and Doppler
broadening parameters were obtained from these
measurements on 30, 50 and 70% cold rolled
specimens and annealed-quenched specimens.

Using the above results, the life time at disloca-
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tions and vacancies were calculated.

The ?2Na isotope of 10 £Ci adhered to Kepton
foil was used as the positron source. After source
life time was determined by analysis of one life-
time component, analyses were performed either
by the one or two trap component method.

The variation of the positron trap intensity was
50% cold rolled electrodes that
were hydrogen charged in the 0.1 M LiOH water
solution at 600 mA/cm? for 10 minutes. These
measurements were compared with those for

measured for

annealed—quenched specimens to examine prefer-
red trap sites of hydrogen atoms.

Well annealed and quenched, and cold rolled
specimens were also prepared to examine effects
of lattice defects on hydrogen solubility in palla-
dium. Experiments for this study were conducted
with the Sieverts gas charging system. The
equilibrium pressure at 50 C was obtained from
the pressure drop that could be measured with
use of a pressure transducer of the system. The
hydrogen solubility was calculated using the ideal
gas law (PV=nRT). Possibilities of hydrogen trap-
ping at dislocations and vacancies were examined
from the solubility results, and these results were
compared with results obtained with use of PA
measurements.

Doppler broadening line~shape parameters
were measured as a function of hydrogen charg-
ing time to study the behavior of defects in non-
equilibriun state. These measurements were con-
ducted with annealed specimens that were hyd-
rogen charged at 50 mA/cm? for a time interval
from 20 to 200 minutes.

The Doppler broadening parameters and its R*
parameters were measured as a function of hyd-
rogen solubility to estimate the solubility limit of

* R= [ (P—P)/(W~W) |

where P; and P, are the characteristic values of the lines
shape parameter for the free and trapped states, respective-
ly. The R parameter is independent of concentration and
characterizes the type of trapping centers([8].

J. Korean Nuclear Society, Vol. 24, No. 2, June 1992

a—-phase(a—,,) and new defects occuring due to
the formation of hydrides.

To examine the formation of new defects other
than point and line defects occurring due to hyd-
rogen charging, the lifetime and Doppler broaden-
ing parameters were measured on PdHg¢ speci-
mens prepared with use of the Sieverts gas charg-
ing system (Fig. 3).

V. Experimental Results and Discussion
N -1. Tritum Measurements

Heavy water used in electrolyses had a tritium
content of 0.899+0.013 xCi/ml before electrolysis.
The tritium concentration measured was increased
21% on the average during palladium cathodic
charging. When heavy water of 40 ml! was elec-
trolyzed to a final volume of 32.5 mil with use of
the platinum cathode to determine tritium enrich-
ment during electrolysis, the trittum concentration
measured was increased from 0.896 to 1.071
#Ci/ml. Hence the tritium enrichment was
observed to occur during electrolysis with use of
the cell (Fig. 2a). It appears from Eq. (1) that the
separation factor (B) is 1.62 that is nearly identical
to the result reported in Ref. 15, namely, 1.68.
The increased tritium concentrations during palla-
dium cathodic charging, 21 % on the the average,
was recalibrated with this separation factor. The
results are shown in Fig. 4. The recalibrated
values differ from the average values measured by
only aboutt8 %. Hence the observed increase in
the tritium concentration can be accounted for by
the isotopic enrichment that occurs during elec-
frolysis of heavy water. Under the present ex-
perimental conditions, therefore, cold fusion phe-
nomena did not seem to occur since there was no
indication of significant tritium production during
the electrolysis.
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Fig. 4. Beta particle measurements during elec-
troysis of D,0 with various palladium elec-
trodes

I -2. Recombination of O, and D, Gases

The mass variation of the electrolytes was mea-
sured for the two cells as shown in Fig. 2 before
and after electrolysis was conducted under the
same conditions of current density and charging
time. The mass variation was 0.698 g in the cell as
shown in Fig. 2b without recombination of Dy
and O, gases, and 0.475 g in the cell as shown in
Fig. 2 a. Hence K=0.68, and the extent of recom-
bination of D, and O, gases in the cell shown in
Fig. 2a is 32 %. This result indicates that the
excess heat can be accounted for by exothermic
heat of recombination and not by nuclear fusion.

N —-3. Positron Annihilation Measurements

Fig. 5 shows the variations of the positron life-
time and Doppler broadening line—shape factor
(P/W) as a function of the thickness reduction of
the cold-rolled electrode specimens. The lifetime
spectra were analyzed in terms of a single lifetime
component. The lifetime increased rapidly with
increasing reduction to about 30 %. It seems that
at this stage positrons are mainly trapped at dis-
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Fig. 5. Variation of the single lifetime and Doppler
broadening parameter for cold rolled Pd
electrodes

locations in cold—rolled palladium electrodes, and
the dislocation density increased rapidly as the
cold reduction increased up to 30 %. When cold
reduction was greater than 50 %, the lifetime and
Doppler broadening line-shape factor decreased
slightly. The decrease of lifetime and Doppler
broadening parameters can be explained as fol-
lows ; At cold reduction of greater than 50 %,
partial cell structure due to the formation of tang-
led dislocations occurs, and the regions of low
dislocation density exist among the regions of high
dislocation density. This observation is in good
agreement with the result of Jamieson’s [16] TEM
study of the deformed palladium.

Calibration experiments with palladium elec-
trodes yielded the following results. This positron
lifetime of the well annealed palladium was 147 +
2.8 psec, and the lifetime of the source itself was
427+9.2 psec. The positron lifetime for the dis-
locations and vacancies in cold rolled and quen-
ched palladium specimens was found to be 184
psec and 189 psec, respectively. It indicates that
the size of the edge dislocation core is slightly
larger than that of vacancy.

Fractional intensities of positron annihilation at
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dislocations and vacancies were reduced by hyd-
rogen charging. The intensity reduction was about
21 % for the cold rolled specimen and 6 % for
the quenched specimen. This reult indicates that
hydrogen occupancy at dislocations and vacancies
was about 0.21 and 0.16, respectively, in the
cathodically charged specimens. Hence it appears
that hydrogen trapping at dislocations is slightly
more preferred than at vacancies.

The results of hydrogen solubility measurements
in different palladium specimens using the
Sieverts gas charging system are shown in Fig. 6.
The enhancement of hydrogen solubility was
observed for cold rolled and quenched specimens
having low hydrogen content (a—phase). The
solubility enhancement (n’/n) was 1.42 in the cold
rolled specimen and 1.1 in the quenched speci-
men, respectively, where n and n’ are the solubil-
ity of well annealed and processed specimen, re-
spectively. It seems that the stress field around the
dislocation array gave rise to the solubility en-
hancemtent. This result is similar to those for the
fractional intensities measurement by the PA
method, and is in good agreement with those of
other studies for cold rolled specimens.{12] The
hydrogen trapping inferred at palladium atom
vacancies, however, differs from the result of Fla-

pressure ( ﬂﬂ“")

nx 1o

Fig. 6. Plot of equilibrium hydrogen contents vs. the
square root of hydrogen pressure at 323 K

d. Korean Nuclear Society, Vol. 24, No. 2, June 1992

nagan[12] that was negative in the hydrogen
solubility experiment with quenched palladium
specimens. Non—equilibrium vacancies can not be
annihilated at room temperature during PA
measurements since the activation energy of palla-
dium atom vacancies (1.5 eV) is relatively higher
than that of other metals.[12] Hence it allows for
the possibility of examining the role of vacancies
as hydrogen trapping sites.

The Doppler broadening measurements for the
annealed specimens with various durations of hyd-
P/W
line—shape factors increased and then decreased,

rogen charging are shown in Fig.7.

and this repeated as electrolysis continued. A simi-
lar phenomenon was observed with PA measure-
ments for nickel specimens by Byme.[7] The in-
crease in P/W (region 1, 3) could result from the
formation of new defects, and the decrease in
P/W following a maximum (region 2,4) could be
accounted for by proton screening of the defects.
According to Byrne, the reason for the repetitious
increase and decrease phenomena may be ex-
plained by the fact that newly generated disloca-
tions are less likely to become saturated with pro-
tons than those dislocations initially present.

8.0

7.5 4

o /” Nl [

6.5+
6.0

5.5

j region t
5.0

4.54

region 2| region3 region 4

4.0 4€&————— level before hydrogen charging
1
3.5 v =T 14 T T —T

L
[ 40 80 120 160 200 240 280

Doppler broadening ( P/Y¥ )

Charging time ( minute )
Fig. 7. Variation of the Doppler broadening para-
meters during electrochemical hydrogen
charging as a function of time



A Study on Electrolysis of Heavy Water and Interaction of Hydrogen---W.I. Ko, et af

8.3+

7.8 4

7.34

Doppler breadening (P / ¥ )

6.8 T T
0.00 0.05 0.10 6.15 0.20

Satubility ( H / Pd )

Fig. 8. Variation of the Doppler broadening para-
meters vs. hydrogen solubility

Fig. 8 shows the results of Doppler broadening
(P/W) as a function of hydrogen solubility. [t
appears that P/W parameters hardly change until
the solubility reaches 0.02, and then gradually in-
crease.lt indicates that the solubility limit of the «
—phase (@) at 50T is 0.02. This result is in
agreement with that reported in Ref. 15 and 17.
The reason for the increase of P/W parameters
from the values for PdHg, can be explained by
the creation of new defects due to the formation
of the hydride phase. The R parameter calculated
from the above results is shown in Fig. 9. Here
the increase of the R parameter from the value for
PdH, o, indicates that the character of dominant
trapping sites change. The R parameter of 1.72
agrees well with the characteristic value of disloca-
tions. It indicates that mostly dislocations are
formed as a phase change occurs.

The results of Doppler broadening for the cold
rolled palladium electrode and cold rolled palla-
dium hydride (PdHge) isochronally annealed are
shown in Fig. 10. Since the results of lifetime
measurements can not be analyzed because of
complication of lifetime analysis for hydride speci-
mens, the specimens were annealed to detrap
hydrogen atoms. As shown in Fig. 10, there is
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Fig. 10. Variation of the Doppler broadening para-
meters for cold rolled Pd and cold rolled
PdH, ¢ after isochronally annealing
difference in the cases of the two treatments. The
P/W for Pd hydrides (PdHg¢) is smaller than that
for the cold rolled Pd until the annealing tempera-
ture was increased to 450°C . It could be explained
by trapping of hydrogen atoms at defects. The
increase of P/W for the PdHy in the range of
400~600 T seems to indicate that hydrogen
atoms detrap at defects. The decrease of P/W for
the cold rolled Pd in the range of 300~500 C
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(a)

(¢)

Fig. 11. Optical micrographs{ X1000) of palla-
dium electrode specimens of (a) 50 % cold
rolled, (b) annealed and (c) annealed and
then hydrogen charged (etchant : solution
of 25 ml HC1, 5ml HNO3; and 30ml H;0)
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can be explained by recovery of vacancies and
dislocations. It could be inferred that void-like
defects existed in PdHy ¢ because they were not
recovered at 600 C. This result is similar to those
reported by Sneed.[18] Lifetimes for the cold
rolled Pd specimen and PdHg¢ isochronally
annealed at 600 C were analyzed using the two
trap component method to estimate the size of
void-like defects. It was found that void-like de-
fects with the lifetime of 368+ 68 psec and in-
tensity of
specimens. By comparison of lifetime measure-
ments for other metals, [19] it can be inferred that
the size of the void-like defects is about a few
Angstrom(A).

Fig. 11 shows the optical micrographs of pal-

11% existed in hydrogen charged

ladium electrode specimens as 50% cold-rolled,
annealed, and hydrogen—charged after annealing.
In the case of the cold rolled specimen, the grain
interior was severely etched due to the existence
of high dislocation density. The microstructure of
an annealed and hydrogen charged specimen was
similar to that of the cold rolled specimen. Hence
it can be inferred that cathodic hydrogen charging
generates mostly dislocations in the microstruc-
ture. This is also supported by the R parameter
result obtained from the PA measurement shown
in Fig. 9.

M. Conclusions

Analyses of excess tritium and excess heat pro-
duction were performed to verify whether or not
cold fusion occure during electrolysis of heavy
water in the current density range of 83~600
mA/cm? for a period of 24~48 hours with use of
palladium electrodes of 7 different processing
treatments and geometries. Interaction of hyd-
rogen atoms with defects in Pd electrodes were
examined using the Sieverts gas charging and the
positron annihilation (PA) method. The results



A Study on Electrolysis of Heavy Water and Interaction of Hydrogen---W.1. Ko, et al

obtained from the present study are summarized

as follows :

1. Excess tritium that could be considered as a
by—product of cold fusion was not detected
during electrolysis of heavy water containing
0.1M LiOD in the current density range of 83
~600 mA/cm? for a period of 24~48 hours.

2. Tritium enrichment that is attributed to the dif-
ferences in absorption heat and diffusivity of
hydrogen isotopes was observed during elec-
trolysis, and its separation factor was deter-
mined as 1.62.

3. The measurements of net Faradaic efficiency K
indicated that recombination of deuterium and
oxygen gases must be taken into account in
the measurement of excess heat production
during electrolysis.

4. It can be inferred from lifetime results from the
PA measurement on the Pd electrode speci-
mens that hydrogen atoms could be trapped at
dislocations and at vacancies in the electrodes
and that dislocations were slightly more prefer-
red sites than vacancies for trapping hydrogen
atoms.

5. Doppler broadening results from the PA
measurement on the Pd electrode specimen in-
dicated that the number of lattice defect sites
where positrons were trapped first increased
and then decreased, and this cycle was repe-
ated as electrolysis continues.

6. It can be inferred from R parameter resuilts
from the PA measurement that the formation
of hydrides was accompanied by generation of
mostly dislocations.

7. PA measurements of the cold-rolled Pd and
the Pd hydride specimens annealed isochronal-
ly indicated that microvoid—type defects ex-
isted in the hydrogen—charged electrode.
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