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Measurements of HéHe/*He, Ne and 13 other com- three have been seriously affected by leak(s) into and
ponents (H, HD, D,, CH,4, H,O, HDO, D,O, N,, CO, from the SRI cells. The rare gas “forensic” evidence
C,Hg, O, Ar, and CQ) in four samples of gas from includes®He/*He ratios and He and Ne concentrations
SRl International (SRI) are reported. Three samples wer¢hat are almost identical to air values. The samples also
collected from SRI Case-type stainless steel cells corshow high N (a primary indicator of air), low Q, and
taining ~10 g of Pd/C catalyst initially loaded with high CO and CQ due to reaction of incoming atmo-
~3 atm D, at ~200°C, and the fourth sample (not iden- spheric Q with C in the catalyst. In two samples, the
tified) was stated to be a control. Case and the SRI reeriginal D, (or H,) has almost completely disappeared
searchers have claimed to obsefke in concentrations by outflow through the leak(s). These results have obvi-
of ~100 parts per million (ppm) and up to 11 ppm, re- ous implications concerning the validity of the excess
spectively, produced in these cells via the fusion reactiorfHe concentrations claimed by Case and the SRI
D + D = “He + 23.8 MeV. Others found no evidence for researchers.

“He addition that cannot be readily explained by leaks
from the atmosphere into the SRI cells. One sample agKEYWORDS: palladium-carbon, helium isotopes, mass
pears to be identical in composition to air, and the otherspectrometry

INTRODUCTION between 1 and 10 parts per milligppm). We were in-
formed by the SRI researchers that some of the samples
For the sake of brevity, we refer the reader to a rehad been collected from Case-type cells that had shown

cent papet, where the previous works of Caseand  Significant excess'He relative to the dry air value of
McKubre et al on production offHe in Case-type cells 5.22 ppm. The SRI researchers have also claimed to ob-
are described. In August 1999, McKubre and Tanzella a$€rve commensurate excess heat produced by this branch
SRI International SRI) provided us with three samples of the D-D fusion reaction. Thus, there was the clear
of gas from such cells and one samptet identified  eXxpectation that our analyses would confirm these high
that was stated to be a contfol.he samples were con- 4He concentrations and that tifele/*He ratios would
tained in copper vials-58 cm? in volume, each with a  also reflect production ofHe from D-D fusion.
Nupro 4BK valve. The gas pressures in each vial were The vials were |n|t|aIIy sent to Pacific Northwest
stated to be~220, 710, 33, and 900 Torr; the labels National LaboratoryPNNL), where*He and*He analy-
indicated that the vials contained deuterium, and a comses were made on sméat-6%) aliquots of the gas sam-
munication from Tanzelfalso stated that the vials con- ples by methods described in Ref. 7. These results were
tained deuterium and théHe concentrations were transmitted to SRI in late 199@Ref. 8. Then, the vials
were sent to McMaster UniversityMcM ), where*He
*We regret to inform our readers that Dr. W. Brian Clarke concentrations were determined in sntai2%) aliquots
passed away on September 3, 2002. by mass spectrometer peak height comparison with air
tE-mail: Brian.Oliver@pnl.gov standards. Measurements die/*He were also made,
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and the vials were leak tested after the remaining gas had
been transferred to Corning 1720 glass containers. Sub-
sequently, several aliquots of each sample were trans-

TABLE |

McMaster University Measurements
of Helium and Neon*

ferred to break-seal sample tubes made of Corning 1720

glass. Some of these were sentto PNNL, where measurg- “He 8,(3He) 8,(3He) Ne

ments of other components were made in a FinnigapSamplé | (ppm) (%) (%0)° (ppm)

MAT 271 mass spectrometer. Cither aliquots were rear- ;- @ | 5.48+0.19| +05+04|-09+04| 185+ 04

alyzed recently at McM foPHe/*He ratios and for He | 465(3) | 6.52+ 0.20| +0.2+0.4| 0.4+ 04| 203+ 0.4

and Ne concentrations. 46C(2) | 0.70+0.05| +73.2+25[ =0 | 0.60+0.03
46D (3) | 5.30+ 0.16| +0.4+0.5| —0.1+ 0.5| 18.6+ 0.04
Air 5.22 =0 18.2

EXPERIMENTAL METHODS AND RESULTS o . )
*Uncertainties are estimates of random and systematic error at a level

of one standard deviation.
aNumbers in parentheses are numbers of separate aliquots analyzed.
°81(®*He) = [{(3He/*He)sampid (*He/*He)y,t — 1] X 100.
¢5,(3He) values are obtained by subtracting the exc#ds in vial
pC from the3He amounts found for vials 46A, 46B, and 46&8ee
the text).

Leak Tests of the SRI Vials

As mentioned previously, after the initial McM analy-
ses had been made, the remaining gas samplesinthe S
vials were transferred to Corning 1720 glass bulbs. The
vials were pumped out to high vacuum; then the valves
were tightly closed and the vials stored at@4or times
between 15 and 21 days. Each vial was then attached to
the McM mass spectrometer inlet system and the accu- ] )
mulated “He inside was measured. The results, ex2tmospheric value, except for 46C, which shows only
pressed in time to accumulate 10% of the measdkéel 0.6 ppm Ne.
in each vial were~580, 1020, 480, and 1970 days for
vials 46A, 46B, 46C, and 46D, respectively. Thus, WepNNL Finnigan Analyses
conclude that leaks from the atmosphere into the vials
during storage was not a serious source of systematic Although the initial measurements of He afide/
error in the He 3He/4He, and Ne measurements. 4He ratios made at McM in 1999 indicated clearly that
air leaking into the SRI Case-type cells was the domi-
nant factor, it was decided to repeat these measurements
and also to include Ne assays. Detailed determinations

Aliquots varying from 1 to 3% of the gas in each of all other major components were also made at PNNL
vial were admitted to a vacuum system at McM con-using a Finnigan MAT 271 mass spectrometer. This in-
taining a small mercury manometer and then transferredtrument is designed for rapid and quantitative analysis
quantitatively by a mercury Toepler pump to 1720 glassof components of gas samples at high sensitivity and
break-seal tubes. THéle/*He measurements were made high resolution.
at McM in a 10-in.-radius, statically operated mass spec- The Finnigan mass spectrometer is a 90-deg mag-
trometer® Helium and neon concentrations were deter-netic sector instrument with a tube radius of 23 cm. En-
mined in the same instrument by comparisorfldé and trance and exit angles of 26.5 deg provide stigmatic
20Ne ion currents from samples with those from accu-focusing, resulting in an effective separation radius of
rately known aliquots of air as described previodShx 46 cm. The source magnet strength is 1 T, and the ion
summary of the results is given in Table I. It is apparentsource is a thermostatically controllef0.1°C) electron-
that, with the possible exception of 46B, thele con- impact design with Einzel lens focusing. lon accelerat-
centrations are all close to or below the value for dry airing potentials can be varied from 4 to 10 kV, and the
of 5.22 ppm. The®He/*He ratios, expressed relative to effective mass range at 8 kV is 1 to 350 u. Two adjustable-
air, are practically identical to the atmospheric value ofwidth slits, located between the ion source and the bend-
1.384 x 1076 (Ref. 9), except for 46C, which shows ing magnet, are used to adjust mass resolutdmM )
definite evidence of excesiHe. We believe that this from 200 to 5000. lon detection is by electron multiplier
apparent exces$He was caused by contamination from or multiple deep-cup Faraday detectors.

a vacuum handling system at PNNL. Although this mat-  Instrument calibration uses high-purity gases to
ter is addressed later, at present it may be noted that grovide mass spectral standards for the permanent
46A, 46B, or 46D had been subject to the same additiogases(N,, O,, CO,, etc) and low-mass organic com-

of 3He via vacuum line contamination, because of thepounds. Data-reduction libraries are then constructed,
relatively much larger amounts of He in these three samdepending on the gas species in the samples, using the
ples, the effects on th#He/*He ratios would have been pure gas spectrums. Sample and background runs are
negligible. Neon concentrations seem fairly close to theanalyzed using the same methods as the standards. After

3He/*He Ratios and Helium and Neon Concentrations
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background subtraction, the sample spectrum is comboth show high CO in this sense. These features must be
pared to the specific data-reduction library, and the indi-due to significant air leaks in the SRI Case-type cells and
vidual components are deduced by matrix fitting. Partialchemical combination of incoming atmospherig @ith
pressures for each gas component are calculated fro@ to form CO and C@, facilitated by the PdC catalyst
the matrix fit, and the ratio of the partial pressures to thanside the cells.
total pressure provides the mole percent for each gas- o o )
eous component in the sample. For the present measure- 4. Sample 46Ais highly deficient in deuterium com-
ments, the analyses were made at a mass resolution Bgred to a presumed initial pressure-d3 atm, although
200, and the mass scan range was from 2 to 100 u. TH8€ observed PH atom ratio in gaseous hydrogen is 2.2.
sensitivity of the Finnigan system was checked daily usingl hese facts indicate that the cell originally contained D
high-purity nitrogen gas. In addition, air standards werévhich was almost completely consumed by three ef-
run weekly to verify the operation of the instrument. ~ fects: absorption by the P@ catalyst, chemical reac-
The results of the Finnigan mass spectrometer analyion with incoming atmospheric Oto form D,O, and

ses are given in Table Il. The following features areoutward loss through the leé). Sample 46B is also
apparent: highly deficient in deuterium, but the [ atom ratio in

) o ) gaseous hydrogen is0.33. These facts indicate that the
1. All samples show high N which is a primary  cell originally contained H (or D,), which was almost
indicator of air. completely consumed by the effects described previously.

2. Sample 46D is most probably roofr outside
air collected by the SRI researchers. Compared to dthe
air, there is slight addition of }O as expected and sim-
ilar minor additions of other componentsl,, D,, and
CO,) that are probably due to memory from previous
samples in the SRI vacuum system aodthe urban
location of SRI.

5. Sample 46C has the lowe$te value of 0.7 ppm,
lowest N value, and the highest +percentage by
far. The observed D atom ratio in gaseous hydrogen
of 16.2 indicates that this cell was initially charged with
pure H,, and that the observed,dand HD is due to
memory in the SRI vacuum system. Although the N
value of 1.67%, the &N, ratio of 0.10 compared to the
3. Samples 46A, 46B, and 46C show very low O value of 0.27 for air, and the high GQralue of 2.72%
and very high CQ compared to air, and 46A and 46B clearly indicate that there was a significant leak in that

TABLE 1l
PNNL Measurements of Gas Components*
Sample
Species 46A 46B 46C 46D Dry Air
H> 0.013 0.0064 71.2 0.00063 0.00005
HD 0.025 <0.001 14.7 <0.0004 ~0
D, 0.037 <0.002 0.93 0.041 ~0
CH, 0.0022 0.021 0.81 0.001 0.0002
H.0 ~0.03 ~0.20 ~0.4 ~0.02 0
HDO ~0.01 <0.001 <0.01 ~0.001 0
D,O ~0.01 ~0.001 ~0.03 <0.0005 0
N> 86.0 89.1 1.67 78.4 78.1
CO 0.43 0.54 <0.01 <0.001 0.000015
C.He 0.0036 <0.001 0.052 <0.001 ~0
O, 0.58 0.0020 0.16 20.5 20.9
Ar 1.71 1.06 7.28 0.94 0.93
CO, 11.2 9.10 2.73 0.058 0.035
P; (Torr)2 220 710 33 900
P, (Torr)P 310+ 9 677+ 10 45+ 5 870+ 12
V (cm3 STPY 21.3+£ 0.6 44,0+ 0.6 3.2+ 0.3 59.8+ 0.9

*All concentration values are in mole percent.

aThe P, values are approximate initial vial pressures provided to us by the SRI researchers.

bThe P, andV values are initial vial pressuréat 25C) and amounts of gas deduced from manometer measurements made at

McM. Uncertainties are estimates at a level of one standard deviation.
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cell, it was much less severe than for the other two cellstatios from 1.0x 10~ to 0.9 X 10-12 for D,O manu-
46A and 46B. factured in the mid- to late 1990s. These values are

6. Samples 46A, 46B, and 46C show elevated argo pplicable to D because all commercial,iis made from

concentrations compared to the air value of 0.93%. Fo 2Oi- l—ne %g‘”:l ghe;eljoredcontﬁhr}nmorﬁ t?]r less r"’}dt'r?'
these three samples, excess argon was calculated badsd'¢ 1€, 'abeled asti€,, depending on the age of the
on the observed AiNe ratio compared to the value of 52 If the D gas cylinder used at SRI was 2 yr old, then

3 —15 —14
504 measured for 46D. The amounts of excess argon i#?{n Degggtjelg tr)stiboe(t)\;v:fgeé;ielgo D ﬁ]ngalrﬁofelga C'is
46A, 46B, and 46C are 0.15, 0.02, and 0.228cstan- P

7.7x 10710 Thus, it seems that tritium contamination in

dard temperature and press(®a P), respectively. When Othe D, can be ruled out as a source of excéie.

the vials were received at PNNL, Cajon VCR steel en
pieces with copper gaskets were tightly attached to the

tube ends beyond the Nupro 4BK valves. Thus, we sur-

mise that argon at-1 atm pressure was admitted by the SUMMARY

SRl researchers to the tube ends of the vials via the leak-

testing hole in the end piece before tightening. The fact ~ The results of our measurements show that after the
that 46D does not show excess argon is either due to @ase-type cells at SRI were filled with hydrogéme
slower leak through the Kel-F stem tip of the valve orWwill use the term hydrogen to represent & H,) at an
because less time elapsed between argon filling of thessumed pressure of3 atm and a temperature of
tube end and removal of the end piece immediately be=-200°C, the following events probably occurred:

fore initial helium analyses at PNNL than for the other
three vials. In other words, we believe that the high ars
gon values in 46A, 46B, and 46C are artifacts due tq{(

1. The hydrogen pressure in the cell decreased
m ~3 to ~0.7 atm during the first few days. Previous
ork using similar values of pressure, temperature, and
ydroger/catalyst ratio has shown that the /i cata-
rTﬂ/st absorbs hydrogen surprisingly rapidly to reach an

equilibrium pressure in a leak-tight cell at23% of the

starting pressure withir<5 days(Ref. 1). During the
early part of this period, the outward flow of hydrogen

Although thes;(3He)% value of+73.2+ 2.5 for  through leaks in the SRI cells acted to partially prevent

46C indicates a large addition 8He relative to the at- the inward flow of atmospheric helium. Several plots of
mospheric3He/*He ratio, the addition is visible only helium concentrations versus time given by McKubre
because 46C is the smallest sample and has the lowegt al* in fact show a near-zero increase e for the
4He concentration. There are two obvious sources fofirst few days of operation of the cells.
this exces$He: contamination from the vacuum system 2. Incoming atmospheric Cstarted to react with C

at PNNL and decay of contaminant tritium in the D .

i ._in the PJ'C catalyst to produce CO and GQalthough
gjggetg ifr|1“tg;ﬁ relevant cell. These two sources are disgq infio\ rate of Q was low during the first few days.

y ) . Nitrogen (N,) probably behaves like an inert gas and
8
¢ ThevsﬁcesﬁHe_ mt the \é'.?l tgmounts to 0.& %[0 therefore was not absorbed to any great extent by the

a ogws. i Pl\?lr\]lL ? SO lqpe tlu lon m'(tar?dsurem?n S \;\;]erg,d/c. Remaining hydrogen in the cell leaked outward
made a -, WO aliquots were withdrawn ITom e , 4 5150 reacted with Qaided by the catalysto form
vial. It is possible, considering that théle blanks and D,O and HO. Some of this water was absorbed by the

isotope dilution®He spikes for the vacuum system usedpd/C
. , and some escaped outward through the k
are~10° atoms and-5 X 10 atoms, respectively, that During the period frong~5 to 20 days af?er theagseért

~ 8 3 i i
0.3 10° atoms“He was added to the gas in t'he vial as ime, atmospheric helium entered the addut was not
each aliquot was taken. If so, then the other vials shoul bsorbed to any extent by the &) until the helium

be similarly affected. The observed valuesSe*He)% ; :
; .partial pressure was close to the atmospheric value of
for 46A, 46B, and 46D have been corrected on this basi .0040 Torr, assuming a total external dry air pressure of

(see Table ). The largest effect is for 46A, where the 760 Torr. At this stage, the helium partial pressure could

51(®He)% value changes from0.5+ 0.4% to—0.9 + . . .

. ot increase any further because the incoming and out-
0

0.4%. However, we do not consider that the value Ofnoing helium fluxes were in balance.

—0.9% should be taken seriously as evidence of additiod

of “He from “cold fusion” becauséHe/*He variations We note that two plots of helium concentrations ver-

of up to 4% have been previously noted in laboratory airsus time given by McKubre et alin fact show that the

at McM due to tank helium used in gas chromatograph$elium concentrations reach maximum values of 9 and

and the like in nearby laboratories. 11 ppm at 20 and 27 days, respectively, and then appear
In 1989, TD ratios in commercial BO varied from  to decrease slightly at later times. At the present time,

2.0X 107 to 1.9% 10713 (Ref. 11). We estimate/D  we do not understand why the SRI maximum helium

reservoirs of argon trapped in the valve end tubes an
variable inward leakage of argon through the valve ste
tips during storage.

Excess 3He in Sample 46C
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concentrations are a factor ef2 higher than the atmo- ACKNOWLEDGMENTS
spheric value of 5.2 ppm, although the observed increase _
must Sure|y be due to unrecognized Systematic S}Or We wish to thank M. C. H. McKubre and F. L. Tanzella,

in the SRI experiments. Although we can think of sev-for making their Case-type cell gas samples available. This
eral reasonable possibilities, these are merely specul¥°"K was supported in part by the Natural Sciences and Engi-
tive at present, because the experimental details needf§®"M9 Research Council of Canada.

to identify the erro¢s) have not been reported by McKubre

etal?

The samples of gas from Case-type cells provided to REFERENCES
us by the SRI workers do not show any evidence of pro-
duction qf“He via cold fusion. Our analytical resultscan ; y, g CLARKE, “Production of*He in D,-Loaded
be explained by a combination of two factofa) severe  pajjadium-Carbon Catalyst |Fusion Sci. Technql43, 122
leak(s) that allowed air into the cells, and also caused2qg2).
removal of gases including hydrogen from the cells to
the atmosphere, an@) the action of the PAC catalyst  » | ¢ cASE, “Coproduction of Energy and Helium from
on G, in the incoming air, which resulted in high CO and p, " International Patent Application P¢S9708033, Inter-
CO, concentrations—telltale fingerprints of chemical national Publication WO 943768(Nov. 20, 1997.
combination of atmospheric £and C in the catalyst.

After this technical note was submitted Fusion 3. | C. CASE, “Catalytic Fusion of DeuteriumProc. 7th
Science and Technologwe received a communication nt. Conf. Cold FusionVancouver, Canada, April 19-24, 1998.
from McKubrel? who stated, inter alia, that sample 46D
“was taken directly from a cylinder containing only deu- 4. M. C.H. McKUBRE, F. L. TANZELLA, P. TRIPODI, and
terium gas with approximately 5 ppm helium-4 that we P, HAGELSTEIN. “The Emergence of a Coherent Explanation
use to calibrate our mass spectrometer.” It is thereforéor Anomalies Observed in Pd and HPd Systems: Evi-
very puzzling that this sample, except for slight addi-dence for*He and®H Production,”Proc. 8th Int. Conf. Cold
tions of H,, D,, and CQ, was identical in composition Fusion Lereci, Italy, May 21-26, 2000, F. SCARAMUZZI,
to normal(dry) air. We believe that it is more likely that Ed., Italian Physical Societ{2001).
46D was room(or outside air collected by the SRI re-
searchers and that they have overlooked this fact, rathep- M. C. H. McKUBRE, Private Communication to B. M.
than the remote possibility that the original sample wa$PLIVER (Aug. 16, 1999.
somehow pumped out and replaced with air during tran-
sit from SRI to PNNL, or PNNL to McM. It is worth 6. F. L. TANZELLA, Private Communication to B.M. OLI-
noting that the helium concentration of 46D was mea-YER (July 28, 1999.
sured to be 5.22 ppiafter taking into account the pres-
sure measured at Mcmee Table U] at PNNL(Ref 8) 7. W. B. CLARKE, B. M. OLIVER, M. C. H. McKUBRE,
soon after arrival from SRI. This value is identical to the 7 L- TANZELLA, and P. TRIPODI, "Search fofHe and*He
known helium concentration in dry air. The helium con- in Ar_ata-”SterT Palla_dlum Cathodes: Evidence for Tritium Pro-
centrations for the other three samples measured at PNI\H_UCt'On’ Fusion Sci. Technql40, 152(2001).

(Ref. 8) by the more precise technique of isotope dilu- B. M. OLIVER, “Helium Analyses of Deuterium Gas and

tion are in good agreement with the values measured zgg .
. . - - alladium-Black Samples,” Report of work performed for SRI
McM by peak height comparison and listed in Table I'L%nder Battelle ProjectpNos. 30?76 and 315%999)_

However, apart from these considerations, the fact tha
deuterium gas with approximately 5 ppm helium-4” was 9. W. B. CLARKE, W. J. JENKINS, and Z. TOP, “Determi-

used to calibrate the SRI mass spectrometer' may prOVidr?a.tion of Tritium by Mass Spectrometric Measuremeritdé,”
a useful clue as to the cause of the systematic @yare ¢ '3 Appl. Radiat. Isot 27, 515(1976).

believe must have been responsible for the SRI finding

of ~11 ppm helium in their Case-type cells. In effect, 1y g c| ARKE, . TOP, A. P. BEAVAN, and S. GANDHI
inward and outward leaks in the SRI Case-type cellSpjgsolved Helium in Lakes: Uranium Prospecting in the Pre-

(initially charged with pure B) ensured that there were cambrian Terrain of Central LabradorZcon. Geology 72,
large differences in composition between the calibratiorp33(1977).

standards and the actual aliquots of gas removed from

the cells for mass spectrometric measuremerfHg at 17, w. B. CLARKE and R. M. CLARKE, “Search fofH,
SRI. In our experience, such differences can lead to SetHe, and*He in D»-Loaded Titanium,”Fusion Techno] 21,
rious systematic errors. We hope that the SRI researchet§0(1992).

will eventually provide sufficient details of their exper-

imental procedures to allow us and other workers to elu12. M. C. H. McKUBRE, Private Communication to B. M.
cidate the nature of these effects. OLIVER (May 29, 2002).
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