


Introguctian

in Ret.[l]l we gescribed the results of the experiments that
checked the existence of told nuclear fusion discovered 1n Refs.[2,31.
For this purpose we carried out electrolysis of heavy water D20 and
of mixture 020 + H?D {(1z1) with a Fd-cathode, and saturation of Pd
with gaseous deuterium. The nuclear tusion processes were to be i1den-
ti1f1ed by registration of neuctrans, gamma-quanta and KX-radiation of

palladium aue to cnargea products of the reactions

u+d-—»3He+n+3.27 Mev, (1)
d+d— t+p+ 4.03 MaV, 2y
o +d— 3HE + Y + 5.5 MeV. (9]

Uur results do not prove the data of Refs.(2,31 and indicate
that 1f cold nucliear fusion reallu occurs under the conditions exi1s-—
ted during the i1nvestipations, its prabability 1s extremely small.

Rets.[2,3] also spoke about titanium as an alternative material
wnere cold nuclear fusion coula occur. We have carried out a round
ot experiments on electrolysis of heavy water with a titamium ca-

thode and on saturation of titanium with gaseous deuterium.

Experimental procedure

The heavy water (97.8@% D7D) electrolys1s experiment was carried
out with the cylinaer-shaped e;ectrolgser (F1g.1). The cathode was a
cylinder of chemically pure (99.8%4) compacted titanium 5 mm 1n diame-
ter and 4@ mm long. Around the cathode there was a platinum net anode.
The workinj volume of the electrolyte was 1468 cms. The elactrolyser
and toron-containing detectors of thermal neutrons SNM-14 were placed

1n a polyethylene retarder. To reduce the external neutron background,



the whole i1nstallation was surroun-~
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The measurements were carried out at

current densitles varying from i to

2
125 mA/cm . To increase the coductance,

soda (NaZCD was added to DZD in con-
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centrations +rom 5:1@ ™ to 1.94+10 M. F1g.1. Electrolyzer.

The analysis of the experimental data showed that the 1nten-~
s1ty of the nypothetical neutron saurce at the 95% contidence level
1S 1ess than _2 3
Qn § 2-18 nss cm Ty .

Following this value., one can estimate the d-d fusion reaction rate
per deuteron:
A, < dere 0 gTh

Lomparison between the results of the previous [1]1 and the pre-—
sent. work spows that the limiting values obtained for Fd and T1 do
not differ from each other and are almost completely determined by
the level and fluctuations of the neutron b:ckground.

The experiments an titanium saturation with gaseous deuterium
were stimulated by the report made by Fraf. C.Buaralde (IFNF, Fra-

scati1, Italy) at a scientific seminar 1n the Labaratory of Nuclear

Froblems, JINR, and by the articles in ltalian newspapers gescribing
the resulfs of 1nvestigation of cold nuclear fusion by a team of

physicists 1n Frascata.

The maip 1dea of the above repart was as follows.

1. I+ deuterium-saturated titanium 15 cooled to 77 kK at the
constant gaseous deuterium pressure of 40 atm, detectors will show
that neutrons appear. In 58 hours the efifect of the neutron counting

rate excess aver the background level practically disappears.
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Z. I+ the titan:um temperature s raised srom 77 &k to 300 k
(= 4@ atm’ the ettect disappears.

3. [f the temperature 1s raiseg trom 77 ¥ to 308 k while the

3.

geuterium pressure 1s decreased trom 40 atm to | atm, a sharp 1ncre-

ase 1n the neutron countlina rate was observed.

F1Q. Z presents our experimental lay-out, and Fig. 3 scnemat:-
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Fi19.2. Experimental set-up
(1,2 - neutron detectors SNM-14).

cally shows haw gaseaus deuterium was puritied and supplied to a
vessel with titanium citips or tablets 5 mm 10 grameter and 1 mm
thick made by si1ntering the titamium 10010 powder 10 vaquum at
BBB...9BEDC. Owing to hign porosity (IJA...58%) the real surtace
ot thi1s g@as ansorber 15 hundreds of times large than the geometric
one, which areatluy affects kinematics of gas absorptron. The mass
ot the titamium cnips, li1ke the mass of the tablets, was 70 g. The
titamum ungerwent a vagquum-thermal training 1N a speclal vessel
betorahand. The eno mark of the training was the resigual gas pres-
sure whicn did not exceed 5-lﬂ_2 mbar at 7500C with evacuat:on cut
otf. Then the vessel was cooled to the liquid nirtrogen temperature

+77 k) and deuterium, purified by means ot zeolitic ansorbers (the
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tatal aami«ture content was 3 2-18 ppm), was supplied up to the
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Fi1g.3. Tirtamum sacuration with deuterium af high purity.

pressure aof S@ atm. At this temperature and pressure measurements
ware carrieg aut for 25 nours paoth with the titanium cnips and with
the tablete.

The data obtained in the exposures with titanium saturated with
deuterium at T = 77 k  and with titanium without deuterium show that

there 1s no difference between the results of these experiments
Wwithin the measurement errors. In the experiments with titanium
neated from 77 kK to IBO Kk at the constant deuterium pressure S8 atm
neutrans were not found as well.

In the next experiment the vessel was +:lled wikth deuterium at
the pressure of 5@ atm and temperature T = 77 k&, and an hour latcer
the pressure was rejeased to | atm, the temperature was being slowly
raised ta I#@ kK for 8 nours. The analysis of the experimental data
also 1ndicates that the neutran count does not exceed the background
level within the exoerimental errors.

Finally, an experiment at the pressure up to 6¥B atm was car—
ried out. A special 1228 mm high vessel of heat-resistant alloy with
the 1nternal diameter a¢ 70 mm and wall 1@ mm thick was used. 78 g
o+ titanitum tablets were put i1nto the vessel, and vacuum—-thermal ac—
t1vation was pertrormed. The vessel was coaled by ligquio nitraogen,
then the titanium was bei1ng saturated with deuterium +for about an
hour at the pressure ot 150 atm; the vessel was kept at 77 K for
12 nours and then was gradually heated to 300 kK (for 10 haurs), the
pressure 1ncreasing trom i15S@ ta 620 atm. The vessel was caoled by

li1quid nitrogen again and after the pressure release it was heated

tor 1@ hours to 3@@ k (the pressure was 1 atmi.



Table 1
e

Mass | Tempera-|Fressure Counting rate Neutran d—d
of T t - iel | i
! ure 10 “EBuls.imim "';e‘: ’_:i:":“
(g { K { atm ) n -
Ti + O Ti (n/s cm3 Ti ) Lf (1/s5)
7@ 77 150 6.210.9| s.00.8] < o187 < 6-18°°
) . -2 =25
77 =+ 380150 » 400}16.1*1.7]102.0+0.8 g 1-108 £ 1-1@
77 + 300 t 3.7:0.5] 4.3:0.6] < 3-10 < 31828
«#%) -~ The values Qn and A§ are given at the 95% confidence level.

During the above procedures the neutron counting rate was con-—
tinuously measured, 1t did not differ <+from the background (the re-
sults obtainea are snawn 1n Table 13.

To obtain a more accurate upper limit for Af. we carried out an
experiment accor€ing to the above method with a much larger amount of

titanium. The results are shown in Table 2.

Yable 2
Mass {Tempera-{Fressure Counting rate Neutron d~-d
of Th ture (e _gulg./min) yield fusxuﬂ
. G = rate (1)
(g} ¢ Kk { atm ) n »
Ti o+ .
i D Ti (/s cm3 Ti Af (1/s)
. -4 . -27
2008 77 30 4.0+t0.6f 4.2+0.6f < 1.7-1@ £1.5-10
. -5 -28
77 » 308 1 3.3+8.5) 4.2+@.6 { B-1@ £ 7-10@
(#) - The values En and Af are given at the 35Z confidence level.

[1scussion of results

Taking 1nto consideration the results abtained in this paper
and 1n (13, one can draw the following canclusion: if cold nuclear
fusion really occurs, 1ts probatility in Pd and Ti under the above
conditions 15 extremely small. Thus, it is practically i1spossible to
observe this phenomenon in the laboratories with an ordinary backgro-
und level.

It is quite possible that the effects observed in Refs,[2,3]

and ascribed to cold nuclear d-d fusion have anather origin. It a1s
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known, for example, that during sorption-desorption of bHydragen by

palladium, titanium and intermetallic compounds their lattice unaer-
qgoes changes accompanied by cracks (Fig. 4). The following results
are possible: total cracking when the shape 15 lost and 3@ fineiy oi-
vided phase i1s produced (Fiqg. 4a); partial cracking (2...3 cracks/
with the snape remained or development ot the sinpgle crack (Fig. 4b);
absence of destruction signRs on the surface ot the sample iFi1g. 4cr.
In view of what was sald above, one may put tarward a hypotnesis
ofr the mechanism of allegedlu observed neutron production 1n the ouc—
lear d~d {fusion reaction. Fusi1on neutrons can be due to the +act that
strong elecuric fields may occur 1n the developing cracks [4,5] wners
deuterons are accelerated to the eneraies sufficient ror the d-a
t1uston reaction to run Lal. To test this nypothesis, one must experi -
mentally 1nvestcigate the time correlation of crack development and

neutron appearance.

Fi1g.4a. Fig.4b. Fig.48¢c.

beneral view at+ titanium sampies saturated with hyarogen.

The acoustic emissron methoad (AE? provides a real possibilituy o+
reliably +1x1ng the moment af cracking of metal hydride samples [71].
F19.% presents histograms for variation of AE parameters (N ~ number
ot detected AE events: A ~ signal amplitudes) typical for the cases

shawn above (Fi1g.4}. It should be mentioned that high-amplitude sig-

nals, appearing atter the beginning of sample saturatian with hyaro-
gen, corresponds to development of macrocracks in the sample. Con-

sequentiy, uUS1Ng Colncedence af sS1grals +rom acoustic eml1ssion
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transgucers and trom neutron detectors, One can unamplguousiy experi-—
mentally test the above hupothesis of the d-o fusion mechanism. These

experiments shoula, o+ course, be pertormed 10 special laboratories

with 3 low level of neutron packground.
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F19.5a F19.5b F19.5c
Time gistribut:0n of AE parameters

t N - number ot events: R ~ si1gnai amplitude ).

According to the above hypothesis, the i1ntensity o+ the hypothe-
tical neutron source must quantitatively be in great dependence upon
the technique of the sample saturation with geuterium as well as upon
many other experimental conditions. So the results obtained i1n difse—
rent laboratories of the world will not seem surprising and contro-—

versiai.

Finally, the authors express their gratitude to Prof. Ts.Vylov,
Director of the Laboratory of Nuclear Froblems, f+or the support and
constant interest 1n the work, to V.B.Belyaev, B.S.Neganov, a.N.Pere-

vazentsev and L.A.Rivkis for usetul discussions.
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