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Anomalous production of gaseous ‘He at the inside of
“DS-cathode” during D,O-electrolysis

By Yoshiakl ARATA, M.J. A., and Yue-Chang ZHang
Cooperation Research Center for Advanced Sclence and Technology, Osaka University
11-1 Mihogaoka, Ibaraki, Osaka 667-0047
(Contributed by Yoshiaki AnaTa, M, 4. A., Dec. 13, 1999)

Abstract: Observations were made of the abundant production of gasecous ‘He inside a double-struc-
ture Pd cathode (*DS-cathode™) which continuously had released excess heat of about 6~10 W over 2,000
hrs In the electrolysis of D,0. These *He atoms were found from the Inner atmosphere within the DS-cath-

ode included the highly deuterated Pd fine powders.
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Introduction. In a recent paper we reported
that a significant amount of excess heat (5-10 W) was
produced continuously over 2,000 hrs when a double-
structure Pd cathode (*DS-cathode™) was used in the
electrolysis of D,0,” Furthermore, we observed produc-
tion of ‘He atoms In the remnant Pd fine powders (Pd
black) after the electrolysis.” These anomalous phe-
nomena were not found In the electrolysls of H;0 in the
same setting and procedure, The DS-cathode, which can-
sisted of an outer cylindrical vessel of Pd metal (wall
thickness of 3mm) and Pd fine powders enclosed
under a high vacuym, was Invented to be embeded
high-density deuteripms in metallic fine powders. ™™ In
the previous experiments we observed ‘He only from the
remnant Pd powders after evacuation and heating, and
thus, no Information ‘was obtained on the Inner gas,
which niight have contained ‘He as well, In the present
paper, we report on an experiment In which we succee-
ded In capturing the gaseous residue Inside the DS-cath-
ode In an isolated vacuum chamber to measure the *He
component of the gas phase In the first experiment; type
[A). We also succeeded In capturing directly any tiine the
inner atmosphere gases Including ‘He inside during
electrolysls in the second experlment; type [B).

Type [A] experlment. We made a cathode
piercing systemn for this purpous, as shown In Fig. 1. It
was a flexible vacuum tank (fT) with SUS bellows to
allow the DS-cathode to be plerced from outside using a
handle A. The total yolume of FT Including the connect-

Ing pipes was ~200 cc. The top B and bottom C plates

; Pd black; electrolysis; excess energy; *He pro-

each equipped with a sharp drill and sandwich the
upper and lower parts of the DS-cathode. In this way the
DS-cathode was punctured and the inner gas diffused
into the FT through a small hole (“pinhole™). The PT was
connected through a standard vessel (SV) of 1.1 cctoa
closed QMS (quadrupole mass spectrometer) system, All
these parts were connected via vacuwn valves. Vacuum
pumps Including a T getter pump as well as pressure
gauges were also equipped, as shown In Fig. 1, .

The experiment was carried out In the following
steps. A DS.cathode with the Inner volume of ~2.5 ce
(8 mm In inner diameter and 50 iun ¢n length), enclos-
Ing2.6 g of Pd fine powders of about 20 run diameter,
was lmumersed in heavy water for electrolysis. An
excess heat of 5410 W was continuously observed over
2,000 hrs under 6.5 A eclectrolytic current. The total
excess energy produced in the DS-cathode was estimat-
ed to be about 30 MJ, Aflter the electrolysis was finished,
the DS-cathode was housed Inside the FT, which was
then evacuated, After 20 hours In a high vacuum
(about 10 Torr), the PT was disconnected from the
pumping line. The Inner pressure gradually Increased
due to the diffusion of D, gas still left inside the DS-cath-
ode through the Pd wall, When the pressure in FT
reached 3 Torr, the gas was transported to the standard
vessel (SV), which had been evacuated to 10™ Torr. This
amount of gas (3 Torr, 1.1 cc) was then introduced into
the closed QMS system.

The M = 4 coupled spectrum involving D; and *He’
was repeatedly measured (every 10 s) by a high-resolu-



5
A
~
b
k]
b
.\.
N
N\
N
A
N
H
H
N

T
Misaastassaaaal

Type [B]: Direct Detecting System
( “DD-system” )

Y. Asata and Y.-C, Znang

[Val. 75(B),

Vacu}u:n system -

=

--------- e emeesm e nnend

Fig. 1. Layout of the DS-cathode plercing system used in the present experiment. A flexible tank (FT) with bellow encloses a DS-cath-
ade.utdchmbephmdwimmmpdlilhbypushimmwpplm.ellwmebonomplateCummuzbreakmgutemmnnbyusiruahm-

dle A. The FT is

tion QMS. The time-dependent spectra of the diffused D,
gas through the Pd wall of the DS-cathode before the
plercing process, are shown in Fig. 2A. Since the QMS
chamber was continuously evacuated by a Ti getter
pump, all the hydrogenic and organic molecules dissi-
pated quickly, and only inert gases remained. The spec-
tra shown in the figure were taken at the elapsed times,
7, =200s, 7, = 400 s and 7, = 800 s, alter the introduc-
tion of a sample gas of 1.1 ce into the closed QMS sys-
tem, At t = 7, there was no residual M = 4 component
(much less than 1 x 10™A). It indicatg/fhat there was no
trace of ‘He in the diffused gas from insided the DS-cath-
ode, The gas was D, only. This measurement assured that
there is no detectable background of *He existed in the
present method.

Next, the DS-cathode was punctured by squeezing
the upper B and lower C plates of the FT. This appar-
ently created a “pinhole” (~20 p) through which the
Inner gas filled the whole volume of FT. The movable
plate B, was then moved back to allow better conduc-
tance of the inner gas through the: produced hole. The
equilibrium pressure of FT at the time of this opening
was about 1.1 bar. This means that the inner pressure of
the DS-cathode before its opening was as high as 88 bar.
The M = 4 spectra taken with a small portion of the gas

ted to the standard vessel and the QMS system, The valves, pressure gauge and vacuum system also shown,

transfered through the SV (l.lcc x 30 Torr) taken
linmediately after the opening are shown in Fig. 2 B,
There was a large amount of D,, which decreased
quickly. At t = 7 still a small amount of D, remained, |
while a slight amount of *He was observed. However, the
gas sample (SV [1.1 cc x 1.1 bar]) taken at 5 hrs after the
opening showed strikingly different spectra, indicating
the presence of a large amount of ‘He gas. The
observed ‘He was comparable in intensity with Dy at t =
7, 8s shown in Fig. 2C. The M = 4 spectra of the gas (SV
[1.1ce x 1.1 bar]) taken at 134 hrs after the opening,
which are shown in Fig. 2D, are even more striking, The
‘He component at t = 7, overwhelmingly dominated the
M = 4 spectra. Because of the smallncss of the hole
(~20 ) produced by piercing, the gas contents inside
and outside the DS-cathode may be different. The
change amoung spectra in Fig. 2B, C and D can be
attributed to a long time constant for attaining equilibri-
um distribution of D, and ‘He in the FT. Also a time
dependent increase of the pressure inside FT was
observed, which was due to still highly deuterated Pd
powders which kept emitting deuterium gradually. -
Since the intensity of ®Ne serves as a good indicator
for possible ‘He contamination from the air, we always
monitored its intensity, No detectable ®Ne was ob-
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Fig. 2. The M = 4 coupled spectra of QMS taken at different
elapsed times (7, = 200 s, 1, = 400 s and 1, = 800 s) after intro-
duction of respective sample gases. A: 1.1 cc at 3 Torr before
piercing, B: 1.1 cc at 30 Torr taken inunediately after piercing, C:
1.1 ccat 1.1 bar taken at 5 hrs after piercing, and D: 1.1 ccat 1.1
bar taken at 134 hrs after piercing.

served, and thus, no detectable *He of air origin was pre-

sent in the sample gas. Therefore, a large amount of ‘He

gas was clearly detected from inside the DS-cathode.
Measurements were repeated many times over

‘He atoms generated inside DS-cathode
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I-V curves (“Vi-effect”), for M = 2, 3 and 4 groups taken at
6 minutes after t = 7, on the sunple gas Fig. 2D. The upper figure
(A) is for absolute currents and the lower one (B) nornalized,
The group M, contains D and H,. The M, is found to be mostly
HD, while the group M, is mainly ‘He.

Fig 3.

one month as shown in Table I, and it was found that
after several days the sample gas of 1.1 cc and about 1
bar always contained nearly the same amount of ‘He gas,
namely, 1.2 x 10™"' A QMS current, which corresponds to
1.2 x 107 cc @STP. ‘The total amount of ‘He gas inside FT
after piercing the DS-cathode is at least thus 200/1.1
times more, namely, 2.2 x 10® cc @STP.

In the second step, we exarnined whether or not the
DS-cathodes still contained more ‘He gas. For this pur-
pose, we squeezed the plates, B and C, again to close the
pinhole and evacuated the FT. When the vacuum inside
PT reached ~ 107 Torr, we disconnected the pumping
line and opened the pinhole once more to release the
remaining gas inside the DS-cathode into T, The pres-
sure in the FT became 0.1 bar. We took 1.1 cc of this gas
and measured the mass spectra by the QMS system, in
the same way as before. The intensity of *He was found
tobe 210™" A, as shown in Table 1,

Therefore, at this timne, the total amount of *He gas
released in the first and second steps is
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Table I. Intensites of mass M, of the lnner gases inside DS-cathade
Parameter GasPressure Intensity [A) Intensity [Al :
1999. Oct. 1SV: 1.1 ec) Mass 4 (x10%  ‘He (x 107 *He/Dy (x 109 Remark
’ Tyrpe (Al . Cathode Plercing System
’ 3 |torr 1.0 0 0 Belore piercing
2 30 [torr 15 0.1 0.01 After piercing (pinhole
4 1.1 [atm 2.8 1.7 0.8 open) inunediately miea-
5 11 lnl.ml 23 1.2 05 sured
A L} 1.1 [atn] 2.1 1.5 0.6
1 1.1 [aun) 23 2.8 1.2
8 0.9 [atn 16,0 s X f .
15 0.75 'lllvll:]l 25 :]; g; II lntennittent imeasuring
18 0.7 [atm] 3.6 0.7 02
25 04 [oun) 0.16 31 2‘03
B 26 Puthole close, and FT tank was vacuwned to ~107" torr, then pinhole ppen, FT heat L
to ~250 °C for 30 min, and thus * FT pressure rised Lo =1.2 [aun), decreased to 0.1 Cas renawnl hm?e e
[atin| ot R.T. .
28 0.1 [aun] 0.69 1.2 1.7 2 ooy
Nov, 2 0.05 [atm] 0.10 2.5 25.0 hitermittent measuring
D 4 Pithole open, and FT tank was vaciwned to =10™" torr, und heatedr Lo ~300 °C for Cas renewal inside FT
3 hours, Thus FT pressure rised to 0.6 [atm] at R.T.
K 0.6 [aun] 0.89 5.0 6.9 .
E 8 0.04 [aun| 11 83 15 Lntermittent measuring
Type [B] Direct Detecting Bystem
1| 0.05faun 0.1 1.5 15.0
F 11 0.05 [atn) 0.12 2.2 18.9 Interinittent measuring
15 9.4 (ton) 0.1 2.2 22.0
. dependence of the lon current on the lonization voltage
V('He )., z4.4 % 10" %cc@STP, (1] (1=V curve) because of the dilference of the lonization

1 (*He ) 2 1.2 10°(= 2.0 10”mol ). 2]

The clear observation of ‘He gas supports and is
consistent with the previous observation of ‘He which
was emitted by heating the remnant Pd powders. The
amnount of ‘Ha gas detected In the present experlnent,
however, is at least 2Q times Jarger than the previous one
observed In heated remnant Pd fine powders. In the pre-
vious experiment the Dj-‘He’ coupled spectrum
showed a long-lived D, component due to a slow
release of D from lnside the heated.Pd (ine powders.
Contrarily, In the present experiment, every coupled
spectrum showed 2 quickly decreasing D, peak. Thus ,
the present measurements were found to be much sim-
pler. -

. In order to examine whether *He were produced in
comparable amount of *He or not, we used the methode
as follows, In spite of the mass resolution of QMS was not
high enough to resolve *He and DH in the M = 3 group,
the components ‘can be separated clearly fromn the

energy between hydrogen and helium. Fig. 3 shows
observed |-V dependence of the M = 2, 3 and 4 groups
taken at 5 minutes alter t = 7, on the respective samples
in Fig. Z\as indicated. Clearly, the M, group Is malnly ‘He,
while the M, group showed the same behavior as the M,
group witch contains D and H,, Indicating that ro
detectable "He was present In M, group; it was mostly
HD. This concluslon was also supported by the fact that
the lon current Intensity of M, group decrcased with
clapsed time t In parallel with that of D;.

In the last step, we examined whether the ‘He still
remained or not In DS-cathoda. For this purpose, we
heated outer surface of FT tank with low teinperature
(=300 *C), and the measurlng process was same as
before. As a result, the amount of ‘He was observed sev-
eral times larger than that of observed in at the first step,
as shown in Table I (E), The total amount of ‘He is

V(‘He) = 21%10%cc@STP; n(‘He) = 6.1 x 107 (3|

Consequently, characteristics of the residual gases
inside DS-cathoda were made clear through the experi-

mAnt Avar Ara sneanth oam dece o creetad T ekl
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Fig. 4. Bar-graph of mass number (1-50) inside QMS.

Type [B] experiment. We also succeeded in
capturing and measuring directly the inner gases of DS-
cathode during electrolysis. The DS-cathode in type [B]
was open type, in which inner pressure was monitored
by a pressure gauge and the inside gases can be used
intermittently to examine the content by the QMS sys-
tem. Table | (F) was obtained directly from DS-cathode
which generated inner pressure of 300 bar and excess
energy of 2~5 watts, over 2,000 hrs during electrolysis in
|DS-D,0] cell and similar diagrams to Fig. 2 and Fig, 3
were obtalned.

The conclusion, we have observed a substantial
amount of gaseous ‘He [rom the inside of the DS-cath-
ode after electrolysis over 2,000 hrs in D,0. The
amount of gaseous ‘He is about two order larger than
that found previously from the heated fine Pd powders.
Thus, in the previous and present experiments we have
demonstrated that the ‘He is certainly produced in the
inside of DS-cathode. Because of the slow release of ‘He
from the fine Pd powders, it is extremely interesting to
investigate remaining ‘He inside the DS-cathode, in
particular, ‘He in the surface region of the Pd fine pow-
ders, further experiments are in progress.

Appendix I. Characteristics of QMS system in
present experiment. Figure 4 is bar-graph demonstrat-
ing basic characteristics of our “QMS" system for a
mass range: 1~50. In Fig. 4., red-bar shows distribution of
inass intensity which indicate characteristics of “open-
QMS" system under ~10" Torr during pumping action,
blue-bar that of “closed-QMS" system, and white-bar that
of inner atmosphere generated inside DS-cathode.

Appendix II. Fundamental dilferences between
Bulk-cathode and DS-cathode in process of deuterium
(hydrogen) absm.'ptlan and occlusion. Radical depen-

dence of‘b(H)concemratioﬁoI cylindrical cazh:'.:des hav-
ing identical external shape are illustrated in Fig. 5.
Although both cathodes are of identical external shape
(cylindrical) and size, their deuterium absorption
mechanisim is substantially different. Because the Bulk-
cathode solely relies on its*diffusion.elfecty it is practi-
cally impossible to reach 100 [at %] concentration using
Bulk-solid under a solid-solution state in the course of
time, as illustrated in the leftside of the Diagrams [A], [B],
[C] and [D] in Fig. 5.

DS-cathode, enclosing cylindrical cell filled with Pd-
black (atomn-cluster), functions in exactly the same way
as Bulk-cathode until deuterium reaches inner wall
(Fig. 6 [A]). Then, its reaction mechanism shows a dra-
matic change. The D-ions, which infiltrated into the cell,
disperse with impetuous speed over the surface of the
Pd-black due to “spillover-effect” without becoming D,
molecules. At the same time, they are absorbed in each
particle quickly., As the D-ions are gradually saturated,
they acciumulate as D, gas among the particles gaps, and
after 10 ~ 20 hours the inner pressure increase to sever-
al thousand atm. The effect known as the Sievertz law
causes a continual rise in pressure (P] as the D, molecules
until it is proportionate with the solid-state concentra-
tion,(D], of inner surface layer of DS-cathode. This
process is illustrated in the Diagrams [A), [B), [C) and [D)
in Fig. 5 (pressure in shown as P (= nkT) e n (density)).
If the temperature (T) is maintained constant, it will
become proportionate to the corcentration, and more-
over the deuterium concentration in Pd-black, (C)*,
increases easily beyond 100 [at %) due to the functions of
“Atom-cluster”,

Therefore, we believe that these essential differ-
ences between the mechanism of both types of cathodes
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are decisive in realizing solid-state nuclear fusion,

Some years ago, we have presented on deuterium
reaction process developed within a host metals, as the
result of deuteriwm solid-state plasma fusion as fol-
lows™®;

D + D — *He + lattice cnergy. 4)
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