Talk given at “ Cold Fusion and New Energy Symposium 1998” , Oct. 11, 1998, Manchester, NH
Published in Infinite Energy 4, #24 (1999) 42.

My life with cold fusion asareuctant mistress

Edmund Storms
2140 Paseo Ponderosa
Santa Fe, NM 87501

Over 9 years have passed since many of uswere lured into believing that the Pons-Fleischmann
effect would solve the world’s energy problems and make us all rich. Things have not yet
worked out as we had hoped. Each of us have followed a different path through the labyrinth of
this expectation. | would like to share with you my particular path and show you how | came to
believe that problems of reproducibility are caused solely by the properties of the materialsin
which the nuclear reactions are proposed to occur.

When the announcement was made, | was working at the Los Alamos Nationa Laboratory
(LANL) on rather conventional materials problems associated with trying to design nuclear reac-
torsfor usein space. Suddenly, the possibility of making nuclear energy in aMason jar was the
center of attention and conversation at LANL. Meetings were held and memos flowed freely -
typical of agovernment operation. Excitement was intense causing previously untapped creative
juicesto flow and an intensity of communication within the laboratory not seen since the War.
Dozens of imaginative experiments were started using funds otherwise destined for the design of
better atomic bombs. In my case, a search for tritium production seemed to be the most logical
approach because | was located in a building where some of the world' s experts in the properties
and detection of tritium worked. They know tritium when they seeit. So, with the financial
backing of the DOE, my future wife (Carol) and | set about trying to verify the claimsfor tritium
production using the Pons-Fleischmann effect.

Our approach was to electrolyze heavy-water in a closed cell designed to collect tritium pro-
duced in the electrolyte in a separate compartment from that present in the evolving gas.
Because we planned to do many experiments, in order to explore awide range of variables, the
cells were designed to be cheap and simple. Asyou can seeinFig. 1, the evolving D, and O,,
pass through a recombiner and the resulting D,O is collected in an IV bag. For abrle?f time, we
were the major user of 1V bagsin Los Alamos.” The method allowed us to keep a complete
inventory of all material within the cell including any tritium. Over 250 cells were studied using
palladium from many different sources containing many different introduced impurities. Unfor-
tunately, only 13 cells produced excess tritium and
the amount was rather small. Typical results
obtained from active and inactive cells run at the
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Recombiner fuid used same time are shown in Fig. 2. Note the delay in tri-
Electiolyte €00 o measure tium production followed by arapid onset with
T content of bursts. In the process, we made an important dis-

3as covery. When tritium is produced, it always appears
first in the electrolyte, not in the evolving gas. This
Isimportant because it indicates that tritium is being
produced only at the surface and it leaves the sample
before it has a chance to dissolve in the metal |attice.
: The implications of this behavior will be described
FIGURE 1. Drawing of closed cell in more detail alittle later. Unfortunately, we could
used to study tritium production. find no relationship between its production and the
nature of the palladium, hence the effect was not
reproducible. Being highly controversial, the resulting paper[1] was reviewed by 12 people at
LANL and by several more reviewers after it was submitted to Fusion Technology. Even though
thisintense scrutiny found no fatal flaws, the results were universally ignored even though they
were peer reviewed as demanded by skeptics.. The papers skeptics publish should be so care-
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FIGURE 2. Typical behavior of active and
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inactive cealls in which tritium was mea-

sured. Both cells were run at the same time.

Note the 4 day delay before tritium was

produced in cell #73. The curve only con-
nects points and does not reflect the random
variation which is+0.2 in the fraction

2
fully analyzed.

One of the major rationalizations used to reject
such work was the assumption that tritium was
already in the palladium or came from the sur-
rounding environment. Consequently, we set
about to test these assumptions. We had
already made numerous attempts to find dis-
solved tritium within the initial palladium and
within the environment without success. So we
chose the opposite approach. We placed cells
in an environment known to contain tritium. In
addition, we dissolved a known amount of tri-
tium in palladium destined for electrolytic
study. If the behaviors seen during the pro-
posed cold fusion production matched those
found using known tritium additions, then an
explanation would be obvious.

When a cell was placed in atritium environ-
ment, the tritium content of the electrolyte
slowly increased at alinear rate, as expected
(Fig. 3). In contrast, anomalous tritium was
seen to occur only after adelay and then was
produced at a high rate over a short time with
bursts (Fig. 2). In addition, similar cellsin the
same, clean environment showed no effect

while tritium was growing in aneighboring cell. Consequently, the observed behavior of cold
fusion production of tritium and that obtained from the environment show entirely different pat-

terns of behavior.

Tritium which was placed in the palladium on purpose always appeared first in the evolving gas,
not in the electrolyte, during electrolysis. As can be seenin Fig. 4, the contained tritium was
released immediately after electrolysis started and continued at a steadily reduced rate as elec-
trolysis continued. Lossinto the gas was caused by afirst order reaction for which ahalf-life

could be determined. Again, the
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behavior of tritium claimed to be
produced by cold fusion and the
behavior of known tritium were
different. To us at least, this study
demonstrated that neither contam-
inated palladium nor the environ-
ment were the source. Skeptics
were forced to propose that tri-
tium released in “cold fusion”

cells was not dissolved but was
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FIGURE 3. Pickup of tritium in asealed cell attached to
an |V bag located within an environment containing
tritiated water vapor. Note the immediate uptake of tri-

tium.
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which tritium was tightly bonded.
Never explained was the mecha
nism of its subsequent rapid
release after hours of electrolysis.
Unfortunately, this work was also
completely ignored.
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Individual studies always have errors
which rightly introduce doubt. On the
081 7 other hand, a series of studies using dif-

i . ferent approaches that produce patterns of
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- : : behavior are much more difficult to reject.
0-6 i Cta;%%dlc Electrolysis In this case, the observed patternsare

i a ma | completely consistent with anomalous tri-
0.4 tium being produced within the cell and,

[ B Electrolyte 1 more specificaly, in the surface of the
0.2 O Recombinate 7 palladium cathode. Nevertheless, people

of a skeptical mindset would propose ter-
0.0 ribly unlikely and convoluted processes to
0O 20 40 60 80 100 120 explainindividual resultswhileignoring
TIME. hr the patterns. Amazingly, this method of
' rejection seems to satisfy many people in

FIGURE 4. Growth of tritium in the electrolyte academic science these days.

and in the evolving gas as a sample of palladium
containing tritium was electrolyzed as the cath-
ode.

During this study, we began to appreciate
how important crack formation was in
determining the local concentration of
deuterium. Most palladium grows an
increased crack concentration each timeit isloaded. This crack concentration is measured as a
volume increase over that expected from the | attice parameter change, shown in Fig. 5. Only a
very few samples did not show this effect. Using tritium as atracer, we were able to quantify the
effect of cracks on the loss rate of hydrogen from palladium. In general, the higher the excess
volume, the faster tritium left the sample through the cracks as gas, thereby entering the gas
stream rather than being dissolved in the electrolyte asions. In this case, tritium was also being
used as atracer for deuterium loss. Thus, both tritium and deuterium, previously dissolved in the
the PdD, left the structure through cracks as gas rather than by ion exchange at the surface.
Only tritium produced by the anomal ous reaction entered the electrolyte. Consequently, we
could conclude that most palladium acted like aleaky bucket which could never befilled. Since
we know that high deuterium loading is a requirement for excess energy production, these cracks
are apparently amajor hinderance in achieving the required high deuterium concentration.
Unfortunately, this work had no influence on the skeptics and very little influence on those peo-
0.20 ple who were also trying to repro-
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0.10 F d} {  experience as an argument to look
[ & ]  for heat production, | convinced my
[ - 1 Division Leader at LANL tofund a
0.05 @@ 1 caorimetric study. The calorimeter
[ a X ] wassedled, closed and stirred, all
[ a+b b1  requirements demanded by various
0.00 /3=t b Lo oo grentics before claims could be

0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 pdieved. A drawing of the deviceis
ATOM RATIO, H/Pd shown in Fig. 6. For our first study, |
was given a piece of palladium from

FIGURE 5. Increasein volume produced by loading ~ abatch made by Tanaka Metals
palladium with hydrogen which had been shown to produce
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excess energy by Prof. Takahashi in
kA V| A Japan AmaZ| ngly’ h| S Sampl e aISO
produced excess energy in my calorim-
eter. The most dramatic of the various
zzzzzz777ZZzz722 || P WP ||| s examp|esof excess heat producti on
= Teflon from this sample is show as a function
of timein Fig. 7. Asyou canimagine,
this unexpected result was analyzed
every which way by numerous people
3 to discover the source of the apparent
et energy. The calorimeter was calibrated
Thermocouple  UUSING an internal heater many times
during the study and three times during
Recombiner excess energy production, with no
Fluid Level apparent change. Unfortunately, the
patnum Plte  StUCY had to be terminated prematurely
because the internal recombiner began
tofail. After the calorimeter was
anode repaired, some additional excess
Stirrer energy was seen, but the sample soon
0L5Le0000000005050555007 Ao airiiieleoiad di w- BeCaLl% We Were %rls‘tl Ve tO the
influence of cracks, we measured this
piece and found very few of thelittle
Stirrer Motor devils (17%) .

One of Two
Thermocouples

Inlet
Thermocouple

FI GURE76. Drawing of the calorimeter used at ﬁ\if?zrcgrqtd b%t?:?\? BL»P glrllgc(i:l&%ferg%%ave

LANL. The cell was sealed, contained arecombinef,  peen madein the same manner. was
and was stirred. Temperature was measured at tWo  ggjivered from Japan and sudied. This
positions within the cell. The deuterium content of piece was found to produce no eXCesS
the palladium cathode was determined by measuring energy, but contained a high concentra-

the change in deuterium pressure. tion of cracks (13.5%). After inform-
ing the Japanese of this fact, athird

batch was made. But this time, the conditions were as close as those used to make the first batch
aswas possible. This material was found to make excess energy, although less than the first
batch. Also, it was found to contain a crack concentration slightly greater than the first batch.
From these results, it is clear that the crack concentration is an important variable. Table | com-
pares the behavior of several samples made in Japan. While crack concentration ( excess vol-
ume) isimportant, it is not the only variable having influence on excess energy production.

Once again, this information, when published [3], had very little effect on other people’s
work. It did, however, start me down a path to answer the question, “Why is the effect so diffi-
cult to produce”? In addition, this experience started a search for ways to pretest palladium.
Meanwhile, conventional science was taking the opposite approach - saying because the effect
could not be reproduced, it was not real.

About thistime several events occurred to give many of us some optimism. Thanks to Eugene
Mallove, Rep. Dick Sweet (NH) asked me to testify before a congressional subcommittee which
was reviewing future funding for “hot fusion”.[4] Unfortunately, this effort had no effect on
future actions by the government toward “cold fusion”. Then, in spite of increasingly vocal
opposition to the whole idea, the MIT Technology Review took the courageous step of asking
me to write an article for them. [5] Although this article stirred up some heated debates, it aso
had no significant impact on the course of the field.
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using Takahashi palladium with various applied cur-
rents. The calorimeter was calibrated before, during,
and after the study. No significant changes were
noticed. Excess power was observed only above acri-
tical current. The “correct excess’ valueis calculated
assuming no recombination is occurring at that time.

Sample
Number

Tanaka 1
IMRA #38
Tanaka 3
IMRA #42
IMRA #84
IMRA #58
Tanaka 2

My work in cold fusion at LANL
was meeting increased resistance
and my new wife and | wanted to
build ahomein Santa Fe. Retire-
ment began to look very attractive.
Amazingly, they were even willing
to pay me abonus to leave. After
we finished the house and alabora-
tory, | began to study 90 pieces of
palladium furnished by IMRA
(Japan). Some of this material pro-
duced excess energy as shown in
Fig8andlistedin Table 1. In
addition, atemperature gradient
was found to occur within the cell
during excess energy production
such that the cathode appeared to
be the source of energy, as shown
inFig. 9. This sample was found
to be unique in that the low excess
volume did not grow larger upon
repeated deloading-loading cycles.
Energy production was very diffi-
cult to kill, returning after a short
delay even when the surface was
removed by AquaRegia. The
study also demonstrated that palla-
dium could be pretested, thereby
reducing the growing frustration by
eliminating most material from
which energy could never be
obtained.

Comparison between measured properties and excess power production

Volume, %

Excess

13.5

* Open circuit voltage

Excess
Power, W
(at3A)

TABLE 1
Composition

D/Pd ovc
0.82

0.875 1.03
0.84

0.891 1.25
0.752 1.00
0.833 0.60
0.75

7.5
3.2
2

4.6
15
0.0
0.0

This study was published in Infinite Energy [6] athough many of the figures were messed up.
(An errata has been published recently, 1999) In addition, the study showed cracking to be a
highly variable property and pointed out a number of other variables, besides cracking, as being
important. These included the deloading rate after the current was stopped, the open-circuit-volt-
age, and the loading efficiency. As my laboratory grew, thanksto Dave Nagel (NRL) and Fred
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Jaeger (ENECO), computer

control could be introduced
allowing these variables to
be explored in more detail.
Unfortunately, the results of
this study [7] were held up
for about ayear by the then
Editor of Journal of Elec-
troanalytical Chemistry
(JEAC), apparently because
the paper mentioned cold
fusion. The work was
recently published in J.
Alloys and Compounds and

described at ICCF-7.
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FIGURE 8. Excess power asafunction of applied current
after electrolyzing for various times.
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FIGURE 9. Temperature difference between the cathode
and the top of the electrolyte and between the top and the
bottom of the cell. No excess power was detected during
Sets#11 and #12. Excess power was detected during Set
#18.

insights into the nature of
the regions in which the
nuclear reactions actually
occur. Theseregions| call
aspecial condition of matter
containing nuclear-active-
states (NAS).[8] Itisinteresting
to examine some of these results
in detail. In order to produce
“cold fusion” or more exactly
“chemically assisted nuclear
reactions’ (CANR), the hydro-
gen isotope must achieve avery
high local concentration. To do

this, the atoms must get in to the
metal lattice though a surface
barrier, and the atoms must stay
in the lattice regardless of there
being many avenues for escape.
The “getting in” and the “ getting
out” are independent variables
having wide ranges of values
which depend strongly on the
nature of the metal. Once
regions of high-concentration
are achieved, changes must take
place such that the atomic and
electronic structures are altered
to produce unique conditions - a
new chemical phase. Thistran-
sition is also sengitive to avari-
ety of conditionsin addition to

the hydrogen concentration. In short, two major conditions must be achieved - a high hydrogen
concentration and then conversion to a new phase having a composition well above that of nor-
mal b-PdD. Each of these conditionsis affected by dozens of variables. It islittle wonder that
the effect is difficult to reproduce. The“goingin” can be examined using the loading efficiency;
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delay is caused by inertiain the composition mea-
suring system. A break in slope occurs when a-
PdD forms on the surface.

this quantity being the ratio created
when the number of atoms of hydrogen
presented to the surface by the applied
current is divided into the number which
actually dissolve in the metal, each
measured over afive minute interval.
Fig. 10 shows the behavior of an
untreated sample and one whose surface
barrier was reduced using Aqua Regia.
Needless to say, apoor “going in” rate
needs to be avoided. The “going in” rate
isalso sensitive to applied current and
temperature. The “going out” rate can
be studied by measuring the deloading
rate after the current isturned off. This
rate is obtained from a plot of average
composition vs square root of time, as
shownin Fig. 11. Theinitial slopeis
used to evaluate samples. The slopes
for numerous samples are compared in
Fig. 12 as afunction of maximum aver-
age composition. Two conclusions are
obvious: the |loss rate increases as the
initial composition isincreased and
some samples have an abnormally low
rate even though they have a high com-
position. From this and other argu-
ments, | conclude that this samelossis
occurring while current is being
applied. In addition, the rare piece of
palladium which is able to achieve
very high average compositions does
S0 because it has alow lossrate, in
addition to several other features.
Consequently, both the loading effi-
ciency and the deloading rate can be
combined to quickly identify poten-
tially nuclear-active palladium, in addi-
tion to using material having low
excess volume. Unfortunately, the
average composition used to obtain
these two quantities is not the impor-
tant variable. The highest composition
exists on the surface and it is this com-
position that determines whether a
sample will become nuclear-active.

Fortunately, changes in surface composition can be estimated using the open-circuit-voltage
(OCV), avaue which is sensitive to the chemical activity of hydrogen in the surface. A valueis
obtained by measuring the voltage between the cathode and a platinum reference electrode while
the current isturned off for afew seconds. Fig. 13 shows how the OCV changes as a palladium
sample isloaded with deuterium. A reverse of this behavior is frequently seen when asampleis
allowed to deload after the current isturned off. However, occasionally, especialy after very
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the indicated compositions. The gradient effect is caused by areduced
composition at the surface of a crack produced by deuterium loss.

high average com-
positions have
been achieved, the
OCV shows adif-
ferent behavior as
seenin Fig 14.
This behavior
indicates that a
new phase has
formed which
slowly decom-
poses into normal
b- PdD as deute-
riumislost. The
next question
needing an answer
is: “What isthe
actual composition
of thisphase”? A
partial answer can
be obtained by
studying very thin
films of palladium
plated on to plati-
num. Asshown in
Fig. 15, the mea-
sured composition
of such filmsis
highly variable but

can achieve a composition as high as D/Pd=1.5. In this case, the surface region containing the
high composition is not as diluted by the smaller interior composition as would be the case if a
thicker sample were used, such as shown by the lower curve. Since this particular film was not
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FIGURE 13. Open circuit voltage measurement

during loading at various currents referenced to

platinum.

nuclear-active, the composition of a
nuclear-active surfaces is probably sig-
nificantly higher. In addition, deload-
ing from a surface is very nonuniform,
as can be seen by examining bubble
production. Therefore, the maximum
composition of such athin film, or
indeed any palladium surface, is well
above the average value in addition to
being above D/Pd=1.5. This observa-
tion means that all theories based on
the properties of b- PdD are barking up
thewrong tree. | have proposed the
actual nuclear-active phaseto be
PdD,,, [8].

Meanwhile, the results of this study

were used by ENECO in an attempt to
convince the Patent Office that the lack
of reproducibility was caused by limitations inherent in the chosen material. This argument was
completely ignored. In addition, | wrote another review in an attempt to bring all of the better
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FIGURE 14. Open circuit voltage during deloading after pro-

duction of excess energy.

data under one roof so that
even an open-minded-
challenged person could
see the bigger picture.
Thiswas published in J.
Scientific Exploration[9 h
with brief versionsin 21
Century Science and Tech-
nology.[10] and in an ear-
lier volume of J. Scientific
Exploration[11]. Again,
no change was produced at
the Patent Office nor in
any other government
agency. Recently, athird
and final review was
rejected by the Interna-
tional J. of Modern Phys.
even though one of the
Editors requested the
paper. Amazingly, four
reviewers rejected its pub-

lication for reasons that appeared to me to be based on a bias against cold fusion. Thiswork was
published in Infinite Energy[12]. Y ou can decide for yourselves whether this review deserved
such treatment. My recent experience suggests that many avenues for publication previously
available no longer provide the service because reviewers have become even more unwilling to
give cold fusion the benefit of doubt. It is depressing to see resistance increase as the experimen-
tal results and understanding improve.
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FIGURE 15. Measured average composition of thin films of
Pd plated on Pt after being subjected to different current densi-
ties. The behavior of atypical thick plate is also shown

Last year, Dr. Naoto Asami
sent me some palladium that
the New Hydrogen Energy
Laboratory (NHE) had made
at great expense and to their
specifications. Unfortu-
nately, they could detect no
excess energy using this
material. As expected, my
tests showed this material to
be flawed - material | would
expect to be completely
inert. After hearing this, Dr.
Asami invited me to Japan
where we were ableto dis-
cuss the problem in some
detail. Apparently, impuri-
ties were being introduced
into the palladium during
manufacture as well as dur-
ing subsequent annealing.
We were able to eliminate
the impurities added by
annealing. Unfortunately,
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insufficient time and money

12 ] 0o were available to change the
10 - method of manufacture. Con-
] sequently, NHE closed down
8 - B Electrolysis without exploring the use of
1 o0 O Joule proven, active palladium.
©] Recrently, | have been explor-
4 ing the various errors besetting
100 Electrolysis+Joule calorimetric measurements. |
2 / have discovered that ;,tti) Irrin% IS
not an important variable when
0 s = u o B _ _ electrolysisis used, in contrast
1 to what has been claimed by
-2 . . some well know skeptics. This
0 10 20 30 CcanbeseeninFig. 16 where
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FIGURE 16. Gradient between the top and bottom of the
electrolyte as a function of applied power.

the gradients produced by an
internal heater and by an elec-
trolysis current are shown. A
small electrolysis current
added to the Joule heating
reduces the gradient to

insignificant values (Fig. 17). On the other hand, the stagnate layer of fluid at the cell wall is

important when isoparibolic methods are used. This layer influences the thermal conductivity of
thewall and is very sensitive to the amount of fluid convection. Fig. 18 shows how the calibra-
tion constant changes as the stirring rate isincreased. 1n the absence of mechanical stirring, bub-
ble generation serves the same end although not to the same degree. This study shows that claims
for small amounts of heat using unstirred isoparibolic calorimeters may bein error. Pons and
Fleischmann largely avoided this problem by frequently calibrating their cell, although the effect
may still have some influence on their data especially at the lowest claimed excess power levels.

Other studies, especidly if they use Joule heating to calibrate the cells, are not so fortunate. In
my work, calibration was based on electrolytic heating, with Joule heating being used only to
determine whether the calibration constant had changed while electrolysis was on going.

Heater Current = 1.5A

| have also built a dual calorim-
eter (Fig. 19) which isbeing
used to study electroplated pal-
ladium on platinum and search
for evidence of superconductiv-

2.0 ity in nuclear-active-material.
15 This method greatly reduces the
3 likelihood of misinterpreting
1.0 apparent excess energy. Elec-
0.5 troplated palladium appears to
A have a much greater likelihood
0.03 — of success compared to bulk
osd+—n-r— O O q material, and it is cheaper.
00 01 02 03 04 05 0.6  Whacanl concludefrom this

ELECTROLYTIC CURRENT, A

FIGURE 17. Reduction in gradient as electrolysis current
isincreased at afixed heater current.

experience? First, the phenom-
enon claimed by Pons and
Fleischmannisreal, but it is
only asmall part of amuch
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larger picture. The reality of
this phenomena has an even
greater importance to sci-
ence and technology than
was ordinarily proposed.
Second, the method used by
Pons-Fleischmann is useless
for eventual production of
commercial power. Active
palladium is too difficult to
find and conditions are too
sensitive to impurities.
Nevertheless, it isavery
useful and inexpensive
method to explore certain
aspects of the phenomena.
1.2+ . : . : . : . : . gis unfo&tungte th:#] _thl;ese
rave and creative thinkers
0 100 200 300 400 500  (ad to take so much pain
RPM and be denied the rewards
FIGURE 18. Thermal conductivity of the cell wall as afunc- of their discovery by
tion of stirring rate using an isoparibolic calorimeter. closed-minded colleagues
and an incompetent Patent
Office. And third, thefieldissick and on life support. Mgor sources of financial support have
dried up, many self-funded individuals are moving on, and conventional rejection has solidified.
Those of uswho would like to see this field grow are encouraged by afew impressive successes,
such as Case, Arata, and Stringham, but even these approaches are woefully underfunded and are
being studied by a very small number of individuals. We most hope when the spectacular dem-
onstration demanded by skepticsisfound, away is available to make this fact generally known.

2.4

2.27
2.01
18-
1.6

1.47

The amazing claims for transmutation are getting increased attention and are accumulating
experimental support, but acceptance is hard to find even in the cold fusion community. These
claims require expensive tools to show their reality - money that is not generally available. The
only solutions are for the Patent Office to change its approach and/or for individuals or com-
panies to provide funds toward a basic understanding without an immediate guarantee of finan-
cia return — several very unlikely possibilities. The most likely possibility is that the entire field,
heat and transmutation, will get noticed only after the price of oil skyrocketsin the next few
yearsor if thereisamajor spill of highly radioactive material from awaste dump. Meanwhile, a
very objective article in Wired magazine[13] will at least wake up the public to thisissue. Hope-
fully, some awareness will trickle down from the public to the scientific profession, the reverse
of the usual procedure. Asfor me, | will continue to study the effect as time and money permit.
However, additional useful knowledge demands sophisticated techniques that | presently do not
have available. Thislimitation makes continued study of this effect a matter of diminishing
returnsfor me. Therefore, | am gradually turning my attention to other problems - such as
earning aliving and preparing for y2k. Giving up this mistressis hard for me but very attractive
to my wife, as you might expect. Eventualy, the field will be discovered by other people, hope-
fully by someone who can afford to marry her.
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FIGURE 19. Drawing of the dual calorimeter. The cell is sealed, contains a recombiner, and a
Joule heater. Temperature is measured at three locations within the cell.
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