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SUMMARY

Thi: report will discuss briefly some of the early cnlor%matrie exper-
iments on cold fusion and in more detail, a single experiment just con-
cluded.

A closed cell electrolytic experiment has been conducted using a palladium
cathode and platinum snode with accurate (+/-0.001 watt) calorimetric mea-
surements. Results indicate a positive energy output of approximately

50 Kjoules more than was input to the experiment through electrolysie cur-
rent and heater current. The heat output was observed both as short term
bursts of energy and as long term sustained production. Colorimetric cal-
ibration with an internal heat source showed essentially identical data
before and after the electrolysis experiment. Material balance for palla-
dium, water and lithium showed essentially no material had been consumed
during the experiment. Tritium levels measured before and after electro-
lysis showed a factor of 3 increase that cannot be accounted for by con-
centration effects.

It is important to note that if this experiment had been terminated after
only one month the results would have shown no positive energy production.

These data support the claims of several experimenters that anomalous heat
and tritium are produced during electrolytic experiments using a hydrogen
absorbing cathode. Further experiments are in progress to determine
reproducibility and better define experimental parameters.

BRIE®. HISTORY

Cold fusion burst upon the scene with great fanfare and little hard infor-
mation with a press conference in March 1989, when Pons and Fleichmann

(1) announced they had found anomalous energy associated with an electro-
chemical cell. Before there were any actual reports in the literature,
circulation of the preprints was commonplace. There were several claims
of confirmation over the following few months from diverse groups located
worldwide (2-9). At the same time there were many statements that '"cold
fusion", at best, was the result of experimental error (10-19). Since
wany "experts” have come out saying that there ig nothing to cold fusion,

the publi€ perception at this time is that cold fusion has mostly faded
AvAY.

AMOCD HISTORY

In April 1989, a "garage experiment” on cold fusion was set up by Ted
Lautzenhiser of Amoco and Melvin Eisner of the University of Houston on
the basis of a common interest in a scientific curicsity. This experiment
yielded a 30X energy gain over the life of the the experiment (two
months). The calculation of the energy gain depended upon assigning an
energy to the dissociation of heavy water into its components, deuterium

Proprietary - for the exclusive use of Amoco Production Company and
other wholly owned subsidiaries of Amoco Corporation.

" S



and oxygen. This is in common with most of the published experiments,
although a platinum surface had been provided for the catalysis of the
gases back to heavy water. The surface area of the catalyst had proven to
be insufficient and the volume of the electrolyte had been diminished by
the electrolysis. Concurrent with this experiment an idea for a possible
commercially valuable process was mutually conceived. At this point, the
work was disclosed to Amoco TRC management and support was given to con-
tinue the investigation of cold fusion as an Amoco project.

In June 1989, the first experimental modification was to the catalyst
after the experiment was moved from Houstom to the. Amoco TRC laboratories.
This catalyst consisted of platinum powder packed into a glasa 'tube with
the gases evolved from the electrolytic cell being forced through the -
tube. This catalyst appeared to work effectively and the experiment was
again yielding about 30X excess energy until the catalyst became water
logged and channeling of the gases through the platinum powder cauged- the
catalyst to fail. However, the energy gain without "hookkeeping" had been
shown, although only briefly.

In August 1989, a new catalyst was constructed using platinum powder
ground into a fiberglass matrix._.This unit. allowed rhe water formed to. . . ... 1
drip back into the electrolytie cell. ~Because the"cacnlytt-chMnou-bi;ger~¥—- '
then envisioned at the beginning of the experiment the calorimetric cham-

ber had to be modified to allow for the electrolytic cell and catalytic

anit to be encloged. The energy-gain during this experiment was 10X, but

it was felt that the modifications to the calorimetric chamber had intro-
duced an error such that the energy gain determined was conservative. It
should be noted that all of these experiments used the same palladium

ingot purchased by Lautzenhiser and Eisner in Houston. At this time a new
calorimetric cell was built and the the following experiment was begun.

DETAILED EXPERIMENT - , E

CALORIMETRIC CELL

The determination of the energy balance was accomplished through a calori-
metric cells This cell, shown in Figure Cl (90080ART0182), consisted of
an thick walled aluminum cylindrical chamber (1) connected to an aluminum
plate (2) with 3 brass bolts (3) passing through 2 inches of

ineulation (4). This assembly is placed inside an insulated chamber (5)
which is surrounded on all sides except the bottom by a water jacket (6).
This is set upon another inch layer of inaulation. The water jacket has a
forced circulation of water maintained to within +/- 0.0005°C. This water
jacket is surrounded by an inch layer of insulation (7). A thermistor
probe (B) was inserted through a tee at the water outlet (9).

In operation, the inner aluminum chamber is maintained at a constant tem~

perature difference above that of the aluminum plate to which it is
attached with the brass bolts. These bolts serve as the primary thermal
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aergy conduction path from the aluminum chamber to the sluminum plate
which is in close proximity to the water jacket. The aluminum plate is
not in direct contact with the water jacket in order to soften the effect
of the circulating water temperature excursions upon the calorimeter. The
temperature difference between the plate and the aluminum chamber is then
representative of the heat flow from the chamber to the plate and from
there to the water jacket. A computer controlled power supply supplied
power Lo & resigstor within the chamber and auppl;ed pover such that the
electrolytic cell temperature was maintained at 10°C above the plate tem-
perature. This required a power of 2.486 +/- .001 watts.

DATA COLLECTION SYSTEM

The data collection system was based on a AST Prémium/286 computer which
controlled an Hewlett Packard bus system. On this bus was an analog
signal multiplexor (HP-3488A), a multimeter (HP-3478A), and a four channel
controllable power supply (HP-6624A). This system was programmed to moni-
tor the required voltages, currents, and temperatures of the experiment.
The temperature difference between the calorimeter chamber and top plate
was then used to control the power supplied to the calorimeter resistor in
order to maintain that difference ar 10°. Every 5 minutes data stored on
hard disk was backed-up to & fioppy:ifgi.- The information was: dxtpiaynd
to a screen in both graphic and tabular form for real time monitoring.

The floppy disk was used to transfer. the data to another PC system for
data analysis and transfer to the mainframe.

ELECTROLYTIC CELL_ CONSTRUCTION

The electrolytic cell shown in Figure C2 (90080ARTO180) was a two piece
degign constructed from 50 mm O-ring pyrex glass joints. The O-rings (3)
are FETPE and were size 229. The lower glass piece (1) was constructed
vith a flat bottom and was 50 mm long. The top (2) was rounded shout

20 mm from the O-ring and two 7 mm threaded glass connectors were attached
extending up about 20 mm. The two cell halves were clamped together by
two donuts (11) machined from nylon. Four 10 x 32 screws were uged to
gecure the donuts together. The cell was designed to have an intermal
recombination catalyst (4) to eliminate water material balance calcu-
lations. A catalyst tube was constructed from 18 mm OD and 7 mm OD pyrex
glass tubing. The 18 mm glass was reduced down to connect to the 7 mm
glass vhich could pass through and be sealed in the 7 mm threaded connec—
tor. The wide bore of the catalyst tube was 20 mm long and loosely packed
with pyrex glass wool and platinum sponge (99.95X, 60 mesh, Atlantic
Metals). A piece of platinum gauze (52 mesh, 99. 92, Aldr:ch ¢ 29,810-7)
was wedged under the glass wool and a 2 mm glass rod attached across the
bottom of the catalyst tube to assure that the catalyst could not drop
into the electrolyte.

A short piece of 7 mm OD glass tubing (5) was put in the second 7 mm
threaded connector. Both the catalyst tube and the 7 mm open tube were
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connected with 1/4 X 1/8 inch Swagelok Teflon reducing unions (6) to
1/8 inch Teflon tubing (7) that ran out of the calorimetric cell.

A PTFE Teflon holder (10) was machined to hold the Pd ingot (9) in the
center of the electrolytic cell and assure no contact with the anode (8).
The holder had a 45 mm base 5 mm thick with four fingers extending upward
to hold the ingot. :

MATERIALS

Platinum (52 mesh, Aldrich) was used as the anode. Pieces of gauze were
spot welded together and to 0.5 mm platinum wire (99.9%, Aldrich #
26,722-8) to form a cylinder shape 48 mm diameter and 40 mm high. ‘A piece
of the 0.5 mm platinum wire was passed through a 0.5 mm hole in the PETFE
O-ring to connect to the power supply.

Palladium was purchased from Atlantic Metgls and Alloys, Inc.;, in the form
of a cylindrical ingot. The ingot was 37 mm in diameter, 13 om deep and
machined on the bottom and sides but left as originally cast on top. The
metal was vacuum-induction melted in‘a.ceramic crucible and rapidly cooled
to insure a fine grained microittuctugg;??h yuis. showed the grain aize
varied from 0.150 to 0,200 mm, The purity was 99.92% with a carbon level

of less than 30 ppm. Other metals as impurities were; Pt < 100 ppm, Rh <

100 ppm, Ru < 100 ppm, Ir < 100 ppm, Au < 200 ppm, Pe < SO ppm and Cu <

50 ppm. A 0.5 mm platinum/ wire vas spot welded onto the Pd ingot and fed
through a 0.5 mm hole in the FETFE O-ring to connect to the power asupply.

The electrolyte was made from 99.95% deuterated water purchased from
Atlantic Metals and Alloys, Inc. This water was kept under an argon
atmosphere. An in“houseé NMR analysis showed the purity to be 99,96%.
Lithium metal (99.5%, Alfa # 00733) as 1-6 mm granules was reacted with
the heavy water from Atlantic Metals to make LiOD. The process was done
in a glovebox under positive argon gas flow. Approximately 22 grams of
lithium metal was reacted with one liter of D20 te make the electrolyte.
This solution is about 3 molar LiOD which is less than the saturation con-
centracion of 4 molar.

EXPERIMENTAL PROCEDURE

The electrochemical cell was loaded with electrolyte and placed within the
calorimetric chamber. The calorimeter was then allowed to stabilige with
no electrolysis current while the calibration on the calorimeter was
determined. It was found that 2.486 watts of pover was required to kaeep
the chamber at its constant temperature difference of 10°C relative to the
outer plate.

The electrolytic cell current was then turned on, and over a period of two
months the current was changed occagionally, The current and voltage sup-
plied to the electrolytic cell, the current and voltege supplied to the

calorimetric resistor, and the temperatures of the water jacket, calorime-
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tric chamber, calorimetric plate, and the electrolytic cell were measured
and recorded by the data system. At the end of two months the electro-
lytic current was turned off and the calibration of the calorimeter ‘was
rechecked after the experiment had reached its null equilibrium.

Analysis of the electrolyte for tritium was done by Teledyne Inotopen in
Westwoad, NJ. The analysis was done by liquid scintillation counting.
Results have been corrected for counter efficiency and background of the
scintillation cockrail.

Analysis of the electrolyte for platinum and pslladiun was done by stand-
ard ICP (inductive coupled plaana) analysis using a Perkin Elmer

model 6000. The 306.471 nm emigsion wavelength was used for platinum 1nd
the 340.458 nm wavelength was used for palladium.. Standards were pur-
chased from Alfa Products at a concentration of(l1000 ppm. Appropriate
dilutions were made to make a standard curve ranging from 5 to 100 ppm.
The samples were analyzed without dilution or other preparation.

Lithium analysis was also done by ICP. (Standards were run at 1000 end
500 ppm. The samples were diluted to be within this range. The
460,286 nm wavelength was uaed for 11thxum nnllyu:s.

Surface analysis was done by K-rny fluorescence ustng ‘s Kevex Hodel ?000
instrument with an ISI model 100 mieroscope. The X-ray energy was 25 Kev
and 1 position of about 500 microns diameter on the unmachined surface was
examined. A concentration of impurities greater than 11 would have been
been detected under the conditions used.

BRESULTS

CALORIMETRIC

The current is plotted versus time in Figure R1 (90079ART0295). At the
start of the plot, on October 24, the period of time over which the cur-
rent (is zero is shown. This is the calorimeter calibration period. Aft~
erwards, the current is increased to 100 ma and then to 500 ma. Further
changes are shown until the current was reduced o zero on December 7.

Also plotted in Figure Rl is the sum of the energy dissipated in the calo-
rimeter resistor and the energy electrically delivered to the electrolytic
cell minus the thermal energy lost at a constant rate of 2.486 wacts from

the calorimeter. This is them the net energy delivered to the calorime-
tric cell, '

Plotted in Figure R2 (90079ART0296) is the same energy curve as is plotted
in Figure Rl along with the power curve representing the sum of the power
dissipated in the calorimeter resistor and the power fed into the electro-
lycic cell. The line labeled Thermal Loss Rate represents the 2,486 watt
pover level that represents the calibrated power loss rate of the calorim-
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eter. If the net power in is greater than the 2.486 watt, the electro-
chemical cell is storing energy. On the other hand, if the net-power-in
is lesas than the 2.486 watt, the electrochemical cell is delivering more
power than it is receiving. The time integral of the net-power=in curve
minus the thermal loss rate is the energy curve.

The data from the first day is shown in Figure R3 (90079ART0297). This is
the initial calibration period of the experiment; the current is seen to
be zero until about 0900 on October 25, at which time the current is
incressed to 100 ma. The power line can be seen to approach the

2.486 watt line as the calorimeter is allowed to settle and then basically
trace a straight line until the current is turned on. The average of -this
power from 1500 on October 27 until turm on is the 2.486 watts that is the
thermal logs rate of the calorimeter.

In Pigure R2, after the spikes associated with the power transition of the
current turn on, there is a period of several days during which the power
line, being above the 2.486 watt line, is showing that the electrochemical
cell is storing energy. This energy ia that of the dissociation of the
heavy water into oxygen and deuterium,and the storage of deuterium within
the palladium anode. This requires that the oxygen of the dissociated .
water be vented from the cell just as in 'a storage battery. ~This charging
energy can be reclaimed from the system by alloving the deuterium within
the palladium to be released and them recombined with the oxygen on the
catalyst. This part of the power curve is them much like that which would
be observed if the electrochemical cell were a storage battery, which
indeed the electrochemical cell is.

On October 27, the'current is increased to 500 ma. Again there is a
period of enhanced energy charging of the cell followed by a decay. The
current was then turned down and the cell continued to accept energy,
though at a lesser rate. After the cell had basically reached an equilib-
rium charge, the current was increased to 400 ma. The cell began to
sccept ‘eneegy at a low rate, and then over a period of about a month, was
at an equilibrium state with little changes in the net energy in from the
2,486 thermal loss rate.

On November 21, as shown in Figure B4 (90079ART0298), the current was
reduced to 40 ma. As can be seen, the net power in required to keep the
calorimeter at its constant temperature fell to 100 mw less than the ther-
mal loss rate. This means that after the transition, the cell yielded
power at approximately 100 mw for a period of 8 hours. At that time, the
net power again approached the 2.486 watt net power input line, but vith a
residual power output from the cell. Over the period of the next week,

the cell gradually increased ita power output as shown by the gradual

decrease in power required to keep the calorimeter at a constant temper-
ature.

On December 1, as shown in Figure RS (90079ART0302), there was s transi-

tion event in the power. This occurred without changing any input pavame~
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ters., The cell over a period of less than 2 hours began to produce power
at about 90 mw versus the 40 mw it had built up to over the previous week.
This tramsition event occurred over about a two hour span.

Then as shown in Figure R6 (90079ART0305), there was another spontaneous
transition event and the power production from the cell fell to approxi-
mately 60 mw rate. Here the power level remained till December 7, when

the current was shut off.

After current shut off, the cell continued to produce power=for about a
week. This power in large part was probably due to the release of the -
deuterium from the palladium and the subsequent ‘catalytic vecombination.
with oxygen. However, the energy released after the current shutoff was
greater than the 25 Kj that had apparently been used to charge the cell at
the beginning of the experiment, :

In Figure R7 (90079ART0306), the peviod starting at 1000 on December 17 ia
shown. This is about a week after the electrolyzing current has been shut
off. The net power in has again returned to the 2.486 watt line as during
the calibration period. It might be noticed that it is actually a lictle
above 2.686 watts indicating perhapsithe extept. of.the drift of.the calp~
rimeter system or perhaps indicatifig that during the original calibratidn -
there had been a background power telease from the cell due to a chemical
reaction. This effect would make calculation of the energy produced pes—
simistic by about 20 Kjoules.

TRITIUM

The electrolyte was analyzed for tritium activity before and after the
experiment. Prior to starting the experiment the electrolyte had a value
of 2.54/-1.0 pcurie/mL: After the experiment was completed, a sample of
the electrolyte was counted again and was found to have

7.4¢/~1.1 pcurie/mL. While not a large increase in tritium, this increase
is significant,

The system was not closed to restrict gas flow in or out of the cell.

But, no concentration of activity could have occurred from the isotope
effect because the internal catalyst converted any excess deuterium and
oxygen gas produced back into water which remained in the cell. The meas-
ured water volume before and after the experiment (80 ml) shows that no
concentration of tritium occurred dus to losses past the catalyst from
possible catalytic inefficiency. Also, gas flow was measured from the
catalyst and flow could only be detected during times of rapid charging or
discharging of the palladium electrode when stoichiometric volumes of
gases were not present,

Thus, the tritium production in this experiment, although small, is real
and significant, Three factors make the amount of tritium produced appear
less significant. The volume of electrolyte in the cell is large compared
to published experiments producing tritium (20). Also, this experiment
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was run on an electrode of much larger volume than those published (21).
The charging time for this experiment was a large part of the total exper=
imental time. The experiment was terminated to recalibrate soon afrer

excess heat was observed which would have not given much time for tritium
production.

PALLADIUM ELECTRODE

The machined electrode surfaces were nat visibly different after the
experiment. The surfaces were still the same color and texture as when
the experiment was started. The surface left as cast wvas noticeably
smoothed after the experiment. Surface analysis by X-ray fluorescence did
not indicate the presence of lithium, platipum or other metals. The.elec~
trode was rinsed with water and vacuum dried before analysis. Surface
analyais studies of palladium electrodes from similar experiments«(22)
indicate the surface may be coated with lithium which is rapidly fonverted
ro LiOD with no current or an exposure to atmosphere. It is likely that
any lithium on the palladium was removed by washing before: the analysis.

The electrode was also tested for cadioactivity by plaeing it om radio=
graphic film for 72 hours. No darkening of the film could be detected.
However, it is likely that any stored tritium would bave been removed
during vatuum baking, but this test should have also detected unstable
isotopes of the metal if they were formed.

LITHIUM

The electrolyte was analyzed for lithium concentration after the exper~
iment was completed. Analysis by ICP indicated a lithium concentration
equivalent to 2.87 M LiOD. Thisé 18 in good agreement with the 3 M LiOD
that was originally used, although the original measurements (22 gm Li in
one liter of heavy water) are not of the same accuracy as the post meas~
urement. These numbers are considered in good agreement and indicate that
at most very littleclithium was consumed during the experiment.

DISCUSSION

The calorimetery.conclusively shows excess energy was produced within the
electrolytic‘cell over the pexiod of the experiment. This amount,

50 kilojoules, is such that any chemical reaction would have had to been
in nedr moldar amounts to have produced the energy. Chemical analysis
gshows clearly that no such chemical reactions occurred. The tritium
césults show that some form of nuclear reactions occurred during the
experiment. The tritium produced was not nearly enough to account for the
excess energy. The expected nuclear processes would have been on the
order of &4 Mev per event. 107 such reactions would have been required to
produce 50 Kjoules of energy. Our measurement of tritium shows an excess
of 5 x 108 atoms.q In other words, tritium production would only account
for about 5 x 10 of the observed excess energy. The main point of the
tritium in this experiment is then that there are some nuclear processes
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involved. Some competing process must be highly favored. A candidate at
this time is the Phillips—Oppenheimer type of deuterium-palladium reaction
which would, through beta decay, yield silver and hydrogen. Isotopic mea-
surements of the palladium to phow tke resulting silver would not be pos=
gible using known technology, although an experiment run significantly
longer at the measured excess power rates would make the possible silver
measurable. We hope to test this hypothesis in the near future.
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Figure C2 Electrochemical Cell
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Figure C1 Calorimetric Cell
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2) ALUMINUM PLATE 7) INSULATION
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