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Abstract

Nuclear transmutations observed in the cold fusion phenomenon (CFP) have attracted
attention from various points of view. Our sense of wonder at events in the CFP is based on
the common sense that phenomena occurring in a nucleus are isolated from the drama
played in the world of atoms outside of the nucleus without few exceptional cases such as the
Knight shift in NMR, the change of K-capture probability by environment and the
Moessbauer effect where they show weak connections between two world.

As have been revealed by many experimental data sets observed in the CFP, there are
various events showing occurrence of nuclear reactions in materials composed of host
elements and hydrogen isotopes (protium or/and deuterium) with a comparable ratio to the
host (cf-materials) even when there is no specific acceleration mechanism. In the events of
nuclear reactions observed in the CFP, one of the most interesting is the nuclear
transmutations of nuclei with several decay channels (including radioactive nuclei such as
23550U and 23190Th) in free space. To explain these transmutations it was necessary to assume
a gigantic shortening of the decay time in cf-materials compared to that observed in free
space.

We have proposed a model (TNCF model) to give a successful unified explanation for
various events in the CFP from excess energy generation, emissions of charged particles and
neutron, and to nuclear transmutations. The experimental data sets on the nuclear
transmutation of radioactive nuclei obtained in the CFP include many details of the
measurements and give us materials for their analysis if we can use them properly. In this
paper, we used the knowledge of nuclear physics on the interaction of a nucleus and neutron
sea (corresponding to the cf-matter in our model) to give a unified and consistent
explanation of the decay-time shortening observed in uranium (and thorium) hydrides and
deuterides prepared by the implantation in a glow discharge or by the absorption in

electrolyses.

1. Introduction — Spontaneous and Induced Decay of Actinoids



In the history of nuclear physics, we have noticed the existence of nuclei which
decay spontaneously. The actinoids are the typical nuclides which show this
characteristic. They also show induced decays absorbing a neutron. These
characteristics are written down as reaction formulae as follows;

1.1 Spontaneous disintegrations
(1) Spontaneous Alpha Decay of Actinoids — Examples with half-lives zq in parentheses.

25U >3 Th + % He (7 =7.038 x 10°y) (1.1)
28U -2 Th+%He (g = 4.468 x 10° y) (1.2)
(2) Spontaneous fission — Examples
23592U N 9439Y + 13953| +2n+0Q (1.3)
—1%,Mo +*%5,Sn + 3n + Q’ (1.4)
2904Pu — H40Zr + 5, Xe + 2n + Q” (1.5)

1.2 Nuclear transmutations induced by neutron absorption
(1) Gamma emission after absorption of a neutron — Examples

282U +n — 2,U +y  [Firestone 1996, p. 9737] (1.6)

28,U +n —*¥5,U +y [Firestone 1996, p. 9823] (1.7)
(2) Alpha decay induced by neutron absorption — Examples

28U +n — 22 Th+%He + Q  [Firestone 1996, p. 9615] (1.8)

28,U +n — P5Th+%He + Q' [Firestone 1996, p. 9708] (1.9)
(3) Fission induced by neutron absorption - Examples

285U + n — P36Kr + %4Ba + 2n +Q (1.10)

289U + n — M8 + 1%, Xe + 2n + O (1.11)

28,U +n — 3Sr + 1%, Xe + 3n + Q” (1.12)

We have proposed a model (TNCF model) to give a successful unified explanation
for various events in the cold fusion phenomenon (CFP) from excess energy generation,
emissions of charged particles and neutron, and to nuclear transmutations investigated
after 1989. It is a characteristic of the CFP that it has been observed only in specific
solids (cf-materials) composed of lattice nuclei and hydrogen isotopes with comparable
number densities to each other.

The original assumption of the existence of the “trapped neutron” in the TNCF
model proposed in 1993 [Kozima 1994] has been replaced by formation of a new state
(cf-matter) composed of quasi-free neutrons and a little protons and electrons to
neutralize it as a whole in the recent quantal investigation of premises of the TNCF
model [Kozima 2006 (Sec. 3.7.5), 2008c].

In the investigation of the nuclear reactions of actinoids in cf-materials, we have to
consider nuclear reactions induced by spontaneous mechanisms as listed above in 1.1



and also those induced by absorption of neutrons as listed in 1.2. Furthermore, as we
have discussed several times (cf. [Kozima 2006, 2014b]), it is necessary to consider not
only reactions induced by absorption of a neutron (as in 1.2) but also those induced by
absorption of a nucleon cluster *,A composed of Z protons and (4 — Z) neutrons.
In this paper, however, we confine our investigation only assuming the cases induced by
the absorption of a single neutron for simplicity.

Then, we have to investigate the disintegrations of actinoid nuclei in their hydrides
and deuterides as observed in the experiments as shown in Section 2 taking possible
reactions (1.1) — (1.12) into our consideration as discussed in Section 3.

2. Experimental Data Sets of CFP in Actinoids Hydrides and
Deuterides
There are several works on the emission of neutrons and charged particles in actinoid
hydrides and deuterides. In this section, we introduce several data sets from the works
performed in the history of the CF research to investigate them from our point of view
in the next section.

2.1 Neutron Emission in UD; and TiD,

Neutron emissions in uranium deuteride (UD3) and deuterium-loaded titanium (TiDy)
samples were measured with a detector of high detection efficiency [Jiang 2012]. The
efficiency of detection was calibrated by >*Cf neutron source to be greater than 50%.

The “cascade bursts” of neutrons were measured several times only for UD3 and
TiDx (x = 1 and 1.4) samples but not for control samples of uranium oxide and
deuterium-unloaded Ti foils. The authors suggested that the cascade neuron bursts might
originate in the nuclear reactions occurring in the surface region of samples with widths
of a micro-nanometer size.

This result suggests that the neutron emission in both UD3 and TiDy may be induced
by the same cause. We have proposed a mechanism where the cf-matter is responsible
for nuclear reactions in the CFP based on the TNCF model [Kozima 2011a]. The
suggestion of surface nature of the emission of neutrons by Jiang et al. is consistent with
our explanation of neutron-nuclear interactions in localized regions at surface where the
cf-matter is apt to be formed [Kozima 2011b].

Uranium nucleus fissions spontaneously into two nuclei and a neutron (or neutrons).
The observation of neutrons emitted from UD3 and TiDy by Jiang et al. suggests that the
emission of neutrons in uranium deuteride is fundamentally governed by the CFP in
cf-materials. So, we may be able to investigate the emission of charged particles in



actinoid hydrides and deuterides using our model which has been successfully applied
to various events in the CFP.

2.2 Radiations of Actinoid Hydrides and Deuterides

J. Dash and his collaborators in Portland State University, Oregon, USA have
extensively studied characteristic changes of the decay patterns of uranium and thorium
in their compounds with protium (hydrogen) and deuterium [Goddard 2000, Dash
2003a, 2003b, 2005]. The compounds ere prepared by the methods using electrolysis
and glow discharge.

In the case of glow discharge [Dash 2003a, 2003b], they confirmed using gamma ray
spectroscopy that there are thorium isotopes identified as **'ooTh and ***9oTh which are
expected to be generated from **g,U and **®3,U by alpha decays (1.1) and (1.2),
respectively. This is a typical example of the “decay-time shortening” for the reactions
by the formation of cf-matter as discussed in other papers presented at this Conference
[Kozima 2014a (Sec, 2.10), 2014b (Sec. 6.5.3)]. The decay-time shortening, i.e. a
drastic decrease of the decay constant of an unstable nucleus in cf-materials from that in
free space, of alpha disintegration is expected when there is formed the neutron star
matter (or cf-matter in the case of the CFP) surrounding the quasi-stable nuclei which
disintegrates by alpha emission.

However, there remains some ambiguity if the gamma spectra used to determine the
thorium isotopes are not identified as due to '¢,Th and % Th. If they are due to
2320,Th and % Th, the observed spectra are consistent with the mechanism of alpha
decay after single neutron absorption of *®3,U and **3,U, respectively.

23592U +n— 23692U N 23290Th + 42He (21)
23892U +n— 23992U N 23590Th + 42He (22)

Therefore, we have to be cautious to investigate changes of the decay characteristic of

actinoids in cf-materials which depend various variables in the sample.

2.2.1 Co-deposition of UsOg and H on Ni Cathode with Acidic
Electrolyte and Pt Anode

Co-deposition of U3Og and H on Ni cathodes with an acidic electrolyte and a Pt
anode was performed [Goddard 2000]. In this case, they measured increase of the
radiation from 2900 (control) to 3700 counts (co-deposited sample) measured by a G-M
counter for the same amount of U3Og. There are observed existence of Cs, Fe and Ni on
the nickel cathode and also topography change of the surface in the form of donut-like
eruptions as shown in Fig. 2.1.



Fig. 2.1. Typical micrograph of U3Og electroplated on a nickel cathode after experiment.

Radiation
The radiation emitted by the electroplated U;Og (A) was compared with radiation

emitted by unelectrolyzed U3Og (B).

(A) Initially produced about 2900 counts/3 minutes (4-17-00). This increased
spodically in steps to ~ 3700 counts/(3 minutes) (5-11-00) and stayed there until
6-8-00 when ended the measurements.

(B) Emitted ~ 1250 counts/(3 minutes) remaining almost constant over the entire period
of measurements.

Gamma spectroscopy
The net integral of 86 peaks of measured y-radiation from a 10 mg sample in 25

hours gave 53,000 counts (A) and 31,000 counts (B).

Surface topography
Observation by a SEM (scanning electron microscope) showed that Donut-like

features appeared showing voids surrounded by raised circular rims (Fig. 2.1).

New elements
Cesium (Cs), iron (Fe) and nickel (Ni) (and possibly fermium (Fm)) are detected by

EDS (energy dispersive spectrometer).

2.2.2 Implantation of Hydrogen Isotopes into Uranium Cathode by
Glow Discharge



Uranium foils were attached to the cathode made of stainless steel in a glow
discharge apparatus. Either hydrogen or deuterium ions was implanted to uranium by
the glow discharge at a voltage of about 500 V [Dash 2003a].

There are four samples exposed to plasmas; 1) H1 (to H, plasma for 43 hours), 2)
H2 (to H, plasma for 18 hours), 3) D1 (D, plasma for 100 hours), 4) D2 (D, plasma for
500 hours).

Alpha, beta and gamma measurements were made on samples exposed to the
plasmas and compared with the results on a control uranium foil without exposure. An
example of measurements is shown in Fig. 2.2 for the gamma radiation measured on
August and November of 2001 and April of 2002 [Dash 2003a (Fig. 4)]. Here, we
notice a positive correlation between the implantation time and the intensity of the
gamma radiation of uranium.
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Fig. 2.2. Gamma radiation from uranium samples after exposure to hydrogen isotope
plasmas [Dash 2003a].

Samples were examined with a SEM and analyzed with an EDS.

1) Approximate counts of alpha- , beta- and gamma-radiations per gram of
uranium (after [Dash 2003a, Figs. 2, 3 and 4]).

Table 2.1. Counts of alpha-, beta- and gamma radiations per gram of uranium after
exposure to hydrogen isotope plasmas.
Control H1 H2 D1 D2
o (in 2 hours x10%) 2.3 6.0 5.9 6.0 114
£ (in 2 min. x10™) 1.70 185 180 195 275
y (in2min.x10%  2.50 267 255 272 392




In this table, we notice the strong correlation of the increases of the a-, f-
and y -radiations and the implantation times of deuterium D in D1 and D2 samples.

2) Approximate net counts of 98.5 keV characteristic X-ray of >

sample (after [Dash 2003a, Fig. 6])

92U per gram of

Table 2.2. Counts of 98.5 keV characteristic X-ray of *®3,U per gram of sample after
exposure to hydrogen isotope plasmas.
Control H1 H2 D1 D2
X (in24hours x10% 31 29 31 275 22

3) Approximate net counts of 92.4 keV characteristic gamma ray of 2%,Th per
gram of sample (after [Dash 2003a, Fig. 5])

Table 2.3. Counts of 92.4 keV characteristic X-ray of 2*5Th per gram of sample after
exposure to hydrogen isotope plasmas.
Control H1 H2 D1 D2
y (in 2 min. x10™) 1.90 2.30 2.35 2.60 2.75

Decrease of 2*%5,U in Table 2.2 and increase of >**3,Th in Table 2.3 corresponding to
the implantation time may be explained by the reaction (1.2).

4) Approximate net counts of 186 keV characteristic gamma ray of 2*°

gram of sample (after [Dash 2003a, Fig. 7])

9oU per

Table 2.4. Counts of 186 keV characteristic gamma ray of 2*°

after exposure to hydrogen isotope plasmas.
Control H1 H2 D1 D2
v (in 24 hours x107) 3.74 386 386 386 4.14

92U per gram of sample

Increase of “*s,U corresponding to the implantation time in D1 and D2 samples will



be discussed in Sec. 3.3.1.

The confirmation of %*Th [Dash 2003a] seems credible and the reaction (1.2) is
reliable for the case of glow discharge experiment and the decay-time shortening is
induced by the mechanism in terms of the cf-matter as discussed in our papers [Kozima
2014a, 2014b].

The surface topography observed by SEM showed pit structure after the electrolysis
as shown in Fig. 2.3.
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Fig. 2.3. SEM photograph of uranium sample D2 after exposure to deuterium plasma

for about 550 hours. The relatively smooth rim on the left was protected from exposure
to the plasma by a molybdenum nut which fastened the sample against the cathode.

2.2.3 Hydrogen Loading of Uranium by Electrolysis

Natural uranium foil of 0.18 mm thick and purity 99.98% was used as a cathode in
electrolysis with 0.83 M and 0.74 M H,SO, electrolyte in H,O [Dash 2005]. Anode was
platinum plate. The alpha, beta and gamma specific radioacitivity were measured after
the hydrogen loading and compared with the control. Gamma ray spectroscopy was also
performed by EDS on the samples.

For two series of experiments, they obtained similar results to that obtained in
discharge experiments (cf. Sec. 2.2.2): increases of ***90Th and *°,,U characteristic
gamma spectra and decrease of K,1 characteristic X-ray peak of 2*g,U.

The surface concentration (within a depth of about 1 um) was determined by EDS.



Increase of thorium and decrease of carbon was observed. The former is consistent with
the spectroscopic measurement given above. The decrease of carbon in the surface
region is not explained at present.

3. Analysis of Experimental Data Sets

The cold fusion phenomenon (CFP) has been observed in solids composed of host
elements and hydrogen isotopes with almost equal number densities of both components
(cf-materials). Typical examples of the cf-materials are PdDy (x = 0.75 ~ 1.0), NiH (x ~
1.0), TiDx (x ~ 2.0), (CHy)n (XLPE, x ~ 2.0 and n = o0). Using a model (TNCF model)
based on the experimental data, we have been able to explain semi-quantitatively
various features of the CFP from production of excess energy to nuclear transmutations
through emissions of charged particles and neutron [Kozima 2006, 2008a, 2010a,
2010b]. The investigation of the basis of the TNCF model has shown possible formation
of a specific state of neutrons (cf-matter) in cf-materials having a characteristic
super-lattice made of interlaced sublattices of host elements and hydrogen isotopes
[Kozima 2006 (Sec. 3.7.3), 2008c].

The experimental data of Jiang et al. [Jiang 2012] introduced above has given us a
fact that the neutron emission of uranium deuteride has a common characteristic of the
CFP. Therefore, we may investigate the CFP in the actinoid hydrides and deuterides
from our point of view which have been used successfully for the analyses of the CFP in
other cf-materials.

3.1 Mechanism of the Cold Fusion Phenomenon (CFP) suggested by
the TNCF Model

The nuclear reactions generating various events in the CFP occur in solids
composed of host elements and hydrogen isotopes with comparable number densities of
both components (cf-materials) at near room temperature (at most several hundred
degrees Kelvin). To answer the natural question how to overcome the Coulomb barrier
between charged particles against nuclear reactions, we have assumed existence of
“trapped neutrons” in cf-materials. The model based on this fundamental premise
(TNCF model) has given unified explanation of whole events in the CFP suggesting the
existence of a hidden clue in the premises of the model.

The investigation of the premise of the trapped neutron has been elaborated using
knowledge of transition metal hydrides in solid state physics and of exotic nuclei in
nuclear physics [Kozima 2006]. The fundamental idea to show possible existence of
“trapped neutrons” in cf-materials is the neutron bands generated by neutrons in lattice



nuclei of host elements mediated by interstitial protons (or deuterons) in the cf-materials.
The neutrons in a band formed by this mechanism constitute a “quasi-free neutron gas”
(cf-matter) and interact with foreign nuclei in the lattice or with dislocated nuclei of the
host element especially in surface region and also in volume [Kozima 2012]. This
situation is schematically depicted in Fig. 3.1.

Surface of NiH (PdD) crystal with foreign nucleus K (Li)
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Fig. 3.1. Schematic 2-dimensional picture of the host lattice nuclei Ni (Pd), the
interstitial hydrogen isotope H (D) and the foreign nucleus K (Li) in a NiH (PdD)
crystal.

The experimental data obtained by Jiang et al. [Jiang 2012] has shown that the
neutron emissions in UD3 and in TiDy have similarity. This fact suggests us that the
cf-matters responsible to the CFP have been formed similarly in both cf-materials. A
regular super-lattice is formed at least locally which is made of a sublattice of uranium
(V) and another sublattice of deuteron (D) interlacing each other. The lattice structures
of uranium deuterides UDj3 are given in the next subsection.

3.2 Structure of Uranium Hydride

Uranium hydrides and deuterides have been investigated as a neutron moderator, a
nuclear fuel for the nuclear pile, and a bank of hydrogen storage.

The lattice of uranium hydride expands considerably during formation and UH3 is
therefore not an interstitial compound. In its lattice, each uranium atom is surrounded by

10



6 other uranium atoms and 12 atoms of hydrogen; each hydrogen atom occupies a large
tetrahedral hole in the lattice. The density of hydrogen in uranium hydride is
approximately the same as that in liquid water or in liquid hydrogen. The U-H-U
linkage through a hydrogen atom is present in the structure [Rundle 1947]. This linkage
reminds us the super-nuclear interaction of lattice nuclei (e.g. Pd) mediated by the
interstitial hydrogen isotopes (e.g. D) in transition-metal hydrides and deuterides (e.g.
PdD) depicted similarly as Pd-D-Pd linkage [Kozima 2006, Fig. 3.3].

There exist two crystal modifications of uranium hydride. They are both cubic: an a
form that is obtained at low temperatures and a  form that is grown when the formation
temperature is above 250 °C. After growth, both forms are metastable at room
temperature and below, but the o form slowly converts to the f form upon heating to
100 °C. Both a- and B-UH3 are ferromagnetic at temperatures below ~180 K. Above
180 degrees K, they are paramagnetic [Wikipedia, Uranium hydrides].

The lattice structures of the o and the B forms of UH3 compounds are shown in Figs.
3.2 and 3.3, respectively [Katz 1986].
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Fig. 3.2. Lattice structure of a-UH3 [Katz 1986].
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Fig. 3.3. Lattice structure of B-UH3 [Katz 1986].
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The structures of UH3 shown in Figs. 3.2 and 3.3 demonstrate the complex feature
of the UHj; structure compared with other cf-materials such as PdDy, NiHx and XLPE.
However, how the structure of the UH3 is complex, the regularity of the arrays of
uranium and hydrogen in each sublattices suffices the condition for formation of
neutron bands speculated in our papers to legitimate the existence of cf-matter [Kozima
2006, 2008c].

Therefore, we may be able to apply our model to the experimental data sets of
nuclear transmutations in actinoid hydrides and deuterides introduced in Section 2.

3.3 Explanation of Experimental Data Sets introduced in Section 2 and
Decay-Time Shortening by TNCF Model

The experimental data sets obtained by Goddard et al. [Goddard 2000] and Dash et
al. [Dash 2003, 2005] revealed a common characteristic of decay-time shortening of
actinoid hydrides and deuterides irrelevant to their methods of formation. The positive
correlation between implantation time of hydrogen isotopes into uranium and amounts
of radiation (by the decay-time shortening) (cf. Fig. 2.2) is interpreted as an indication
that the formation of cf-matter in the sample is provided by the formation of the
superlattice of uranium and hydrogen isotopes from our point of view (cf. Sec. 3.3.2).

3.3.1 Explanation of Nuclear Transmutation observed in Experiments

The decrease of 25,U and increase of 2*°,U and %**sTh observed by Dash et al. (cf.
Sec. 2.2.3) is explained by following reactions. The increase of **5Th is due to the
decay-time shortening of the following spontaneous decay process (Eg. (1.2)) with a
decay time 7y of 4.468 x 10° year in free space:

238,U — 20Th (0, 7y = 4.47 x 10° ). (3.1)

The increase of 2°3,U may be the successive reactions (decay type, half-life in free
space) started from the reaction (1.7) followed by p-decays and an a-decay of resultant
nuclides written down as follows:

23892U +N— 23992U, (32)
242U — 2 93Np (8, 74 = 23.45 m), (3.3)
2%%4aNp — 2%,Pu (8, 7 = 2.357 d), (3.4)
28994Pu — *°3,U (@, 7q = 2.41 x 10* y). (3.5)

Again, the decay reaction (3.5) may be accelerated by the decay-time shortening in the
cf-material.
The rise of radiation observed in the experiment by Goddard et al. (cf. Sec. 2.2.1) is
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explained by the increase of the decay reaction (3.1) by the decay-time shortening. The
appearance of Fe and Cs on the cathode and the morphology change of the cathode
surface have shown the occurrence of nuclear transmutations accompanying excess heat
in this system but without data on its mechanism.

The increases of 2%,Th and **°s,U determined by characteristic gamma rays in the
experiment by Dash et al. (cf. Sec. 2.2.2) are also indication of the nuclear reactions
written down in Egs. (3.1) — (3.5). The morphology change of the surface shown in Fig.
2.3 clearly shows the occurrence of nuclear reactions accompanying a huge excess heat
generation resulting in the nuclear transmutation described by these equations even if
there is no observation of the transmuted nuclei >*°,U, %%sNp and %*,Pu.

3.3.2 Explanation of the Decay-time Shortening

As has been shown in our papers presented at this conference [Kozima 2014a,
2014b], the height of the surface layer of radioactive nucleus preventing emission of
nucleons in free space becomes lower according to the increase of the density n, of
neutrons in the cf-matter surrounding the nucleus with a neutron density n;, or the
increase of the density ratio no/n; of neutrons outside and inside the nucleus. This feature
is depicted in Fig. 3.4 where the surface energy of the boundary Eg,+ (= y) decreases
with the increase of the density ratio no/n; (= x) [Negele 1973].

A}, y = (1-x)3/2 ]
e : 5 .
N :
-\._\‘
e e e SR |
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Fig. 3.4. Dependence of the surface energy Eqyf (= y) on the density ratio n./n; (= x).
It is clear that the lower the surface energy of the boundary, the easier a nucleon
escapes from the nucleus. The same logic will be applicable to the emission of an alpha

particle from a nucleus to explain the decay-time shortening observed by Dash et al.
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[Goddard 2000, Dash 2003, 2005] by the formation of a high-density neutron medium
(cf-matter) in the cf-material, especially at its surface or boundary region [Kozima 20086,
2014a].

Instability of the metastable states of UD3 (transition from a- to #phase explained
in Sec. 3.2) shows that it is difficult to realize a stable superlattice of UD3; (UHs3)
composed of a uranium sublattice and a deuteron (proton) sublattice. This may be the
reason that there is a temporal change of radiation for samples irradiated by plasmas
(e.g. Fig. 2.2)

It is reasonable that the amount of increase in a-radiation has positive correlation to
the average density of hydrogen isotopes which is surely proportional to the time of
plasma discharge and electrolysis (e.g. Table 2.1).

Thus, the data sets of the decay-time shortening of uranium and thorium introduced
above are consistently explained by the TNCF model using the concept of cf-mater
suggested by the neutron star matter elaborated in 1970’s in relation to the explanation
of the neutron star [Baym 1971, Negele 1973].

4 Conclusions

Experimental data sets on actinoid hydrides and deuterides have been analyzed and
explained using the TNCF model. The experimental data have shown that these
hydrides and deuterides are classified as the cf-materials where occurs the cold fusion
phenomenon (CFP) and the observed events are understood by nuclear reactions
common to other reactions observed in cf-materials, mainly transition-metal hydrides
and deuterides.

The changes of radiation properties of actinoids occluding hydrogen isotopes are
explained by formation of the cf-matter similar to the free neutron sea in neutron star
matter and then by the interaction of actinoid nucleus and the cf-matter. Acceleration of
the alpha decay of *®3,U into ***3Th, the so-called the decay-time shortening, is
explained by the change of the boundary layer between the nucleus *%,U and the
cf-matter induced by the increase of the density ratio no/n; of neutrons due to the
formation of the cf-matter.

A possible application of this phenomenon to #g;Pu (A = 238 — 244 ) is hopeful.

If we can handle plutonium isotopes which are produced in atomic plants as
hazardous waste properly to accelerate their decay, it is the savior of our age from the
dangerous nuclear waste waiting its resolution. As shown in Table 4.1, plutonium
isotopes have very long decay times and therefore the decay-time shortening as shown
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in the CFP will be applicable to transmute them into other nuclides easy to treat with.

Table 4.1 Decay characteristics of plutonium isotopes

Isotope  Decay mode Half-life  Decay heat Spon. fission neutrons
2%,Pu alphato 2*,U 87.74 (y) 560 (W/kg) 2600 (1/g * sec)
2%99Pu  alpha to 2°5,U 24100 1.9 0.022
204Pu  alpha to Z°%,U 6560 6.8 910

+ Spont. Fission
MyPu e togAm 14.4 4.2 0.049
22,Pu  alphato 28U 376000 0.1 1700

Instead of neutron bombardment in free space, we can use the cf-materials to give
an effect of neutrons on target nuclei. This fact may be interesting in science and
technology of the neutron-nuclear interaction in low energy region.
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