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New Cold Nuclear Fusion Theory and Experimental Tests

Yeong E. Kim!

A theory of neutron-induced tritivm—deuterium fusion at room temperature is developed, based
entirely on previously measured cross-sections of known nuclear reactions. The fusion process
involves self-sustaining chain reactions: (1) n + SLi — *He + T and/orn + "Li — “He + T +
n,and (2) T + D — “He + n, in Li—D plasma or pellet surrounded by Li and other blankets
and by neutron reflectors. The recent results of cold deuterium fusion reported by Fleischmann,
Pons, and Hawkins are described in terms of this fusion process. Experimental evidence and tests
of the chain reaction hypothesis are described.
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1. INTRODUCTION

Recently, it has been suggested® that the excess heat
generation observed by Fleischmann, Pons, and Hawk-
ins (FPH) in their electrolysis experiment® may be due
to neutron-induced tritium-deuterium fusion at room
temperature. In this paper, the proposed fusion process
is first described in a more general context without the
use of electrolysis for the purpose of suggesting new
designs for large-scale fission-fusion reactors for power
generation. Then, the FPH effect? is described as a spe-
cial case of the proposed fusion process which involves
electrolysis with a Pd cathode. Some specific experi-
ments are suggested to test the proposed fusion hypoth-
esis for the FPH effect.

2. NEUTRON-INDUCED FISSION-FUSION
PROCESS IN LI-D PLASMA AND PELLET

The proposed process consists of self-sustaining chain
reactions involving neutron-induced fission of lithium
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(Li), with the resultant tritium undergoing tritium-deu-
terium (T-D) fusion in lithium-deuterium (Li—D) plasma
or pellet surrounded by Li and other blankets and also
by neutron reflectors. The natural abundances of Li are
7.5% °Li and 92.5% "Li.

The first stage of the chain reactions is ignited by
a continuous or pulsed flux of neutrons from an external
source, which produces tritium via the following fission
reaction:

n+5Li — “He (2.05 MeV) +T(2.73 MeV)(1a)

with kinetic energies indicated in parentheses. The cross-
section for reaction (1a) is very large at thermal energies
(949 x 10% cm?).3 The reaction rate (cross section times
velocity, ov) for reaction (1a) is also very large, o, v,
= (2.1 — 1.3) x 10~ cm?®s-*, for a range of neutron
energies up to 14 MeV.* T(2.73 MeV) is produced via
reaction (1a) without requiring a heat source to generate
extremely high temperatures (1 MeV corresponds to 10*°
K), in contrast to the conventional nuclear fusion reactor
designs in which an enormous electromagnetic energy
input is required.

The second stage of the chain reactions is T-D fu-
sion with T (2.73 MeV) generated from the first stage

(1a):

0164-0313/90/1200-0423806.00/0 © 1990 Plenum Publishing Corporation



424

T+D — “He (3.52 MeV) +n(14.07 MeV) (2)

The T-D fusion cross-section is maximum (~10-% cm?)
at a T kinetic energy of ~100 keV and is nearly three
orders of magnitude larger than the D-D fusion cross
section for the same D kinetic energy. The T-D fusion
reaction rate for reaction (2) is large,® ov 2 10~ cm?
s=1, for T (10 keV ~10 MeV), and is at least 50 orders
of magnitude larger than the T-D and D-D fusion reac-
tion rates at room temperature.

The 14.07-MeV neutrons from reaction (2) will be
moderated via elastic scattering or the breakup reactions,
n+ D—n+ n+ p,etc., producing more neutrons
which with the 14.07-MeV neutrons could then feed re-
action (1a), thus completing the reaction chain. In ad-
dition, the 14.07-MeV neutron from the T-D fusion
reaction (2) can also produce excess neutrons via the
following reactions:

n+ "Li—°Li +n +n — 7.25MeV, (3)
and
D+ 7Li—%He + T + n — 2.46 MeV (Ib)

The reaction rates (ov) for reactions (3) and (1b) are
large, 2.9 % 10-1% and 1.6 x 10-*° cm?® s~?, respec-
tively.>* In particular, reaction (1b) can produce both T
and n at a much higher rate than reaction (la) for T and
reactions (2) and (3) for n. Excess neutrons produced
via reactions (3) and (1b) by the 14.07-MeV neutron can
also feed reactions (1a) and (1b) to complete the reaction
chains, (la, 1b) — (2), thus providing a favorable con-
dition for the self-sustaining stage. The neutron-induced
T-D fusion via the chain reactions, (1a, 1b) — (2), is
therefore expected to be efficient for producing excess
heat once the chain reactions become self-sustaining at
some stage.

The feasibility of achieving a controlled self-sus-
taining state for the chain reactions, (la, 1b) — (2), in
Li-D plasma or pellet will depend on the geometries and
the materials for blankets and reflectors used in the de-
sign of fission-fusion reactors and will also depend on
currently available and/or new fusion reactor technolo-
gies.

The same reaction chains, (la, 1b) — (2), have
been considered®® for the conventional magnetic con-
finement of T-D plasma with a surrounding Li blanket
and also for inertial confinement fusion with Li-D pellet
driven by pulsed lasers. It has been speculated by Harms
et al.S that the reaction chain could be maintained for a
finite number of cycles in the inertial confinement fusion
driven by lasers if the compression/expansion time were
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sufficiently longer than the tritium recycling time in the
reaction chain, The use of an external (continuous or
pulsed) neutron flux and Li-D plasma as proposed in this
paper is new and is being investigated as to whether it
can help to achieve a controlled self-sustaining reaction
chain, (1a, 1b) — (2), for specific designs of neutron-
induced fission-fusion reactors with optimal conditions
and geometries.

it has been argued®” that the chain reactions, (1a,
1b) — (2), could not be sustained in the conventional
magnetic confinement fusion of D-T plasma surrounded
by a Li-blanket. However, the use of Li-D plasma sur-
rounded by Li and other blankets, and also by neutron
reflectors, combined with the use of an external (contin-
uous or pulsed) neutron flux as the initial ignitor of the
reaction chain may be able to accomplish this, thus al-
lowing new designs for fission-fusion reactors.

The use of an external neutron flux as the initial
ignitor of the chain reactions, (la, 1b) — (2), has an
important practical consequence that the fusion ignition
is accomplished by nuclear energy generated from re-
actions (1a) and (1b), instead of by an enormous elec-
tromagnetic energy input as required for the conventional
fusion reactor designs. Theoretical reaction-rate esti-
mates for specific reactor designs based on the reaction
chain (1a, 1b) — (2) and also on other neutron-induced
reaction chains are being investigated using Monte Carlo
simulations and will be reported in future publications.
For charge particle-induced reaction chains, the use of
proton or deuterium flux as an initial ignitor was sug-
gested by McNally, 10

3. FISSION-FUSION PROCESS IN METAL
DEUTERIDES

Recently, it has been reported by Fleischmann, Pons,
and Hawkins? and Jones et al.** that electrochemically
induced deuterium—deuterium (D-D) fusion has been ob-
served in a larger palladium cathode immersed in heavy
water with 0.1 M LiOD (ref. 2) and in a palladium cath-
ode immersed in heavy water with 0.2 g of Li,SO,-H,0
dissolved in 160 g of D,O (~0.4 x 10> M Li) (ref. 11).
The results of Fleischmann et al.? are substantially dif-
ferent from those of Jones et al.'!

The reported D-D fusion rates of 10-° s=* (ref. 2)
and 10-23 s=1 (ref. 11) are about 50 orders of magnitude
larger than the expected cold D-D fusion rate of ~10-7°
s~1.12 Fleischmann et al.2 observed a rate of heat output
which is about 10 orders of magnitude larger than that
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expected from the inferred D-D fusion rate (10-1% s—1)
and state that other nuclear processes must be involved.

In the following, a theoretical explanation of the
observed results>!! is given in terms of tritium-deuter-
ium (T-D) fusion induced by low-energy neutrons. In
the experiments of Fleischmann et al.? the background
low-energy neutrons (~40/hr) will produce tritium via
reaction (1a). °Li needed for reaction (la) comes from
LiO D in the heavy water solution. Since the positively
ionized SLi concentration is higher near the Pd cathode,
T (2.73 MeV) will be produced in greater abundance
there via reaction (1a) than elsewhere. Once produced,
T (2.73 MeV) will be moderated to lower energies in
the heavy water and penetrate the Pd cathode, just as D

from the heavy water does. T(10 2 keV) can now undergo
T-D fusion with D in Pd and also in the heavy water
through reaction (2). The 14.07-MeV neutron from T-
D fusion reaction (2) can produce excess neutrons via
reactions (1b) and (3), which can now feed reactions
(1a) and (1b) to complete the chain reactions (1a, 1b)
—> (2). These chain reactions may have occurred in the
experiment of Fleischmann et al.,? but may not have
occurred in the experiment of Jones et al.,** who had a
much smaller concentration of Li(0.39 x 10-2 M Li) in
the heavy water.

If n(14.07 MeV) from reaction (2) moves out of
the Li-D,O solution thus terminating the chain reac-
tion, (1a) — (2), it will generate only a small amount
of power, which is too small to be detected. However,
if the 14.07-MeV neutrons from reaction (2) [starting
with the initial density of n, (0) for reaction (1a)] are
moderated in D,0 and in Pd by elastic and inelastic
scatterings and also by the break-up reactions {n(14.07
MeV) + D —n + n + p; n(14.07 MeV) + T [ther-
malized and left over from reaction (2)] - n + n +
dorn + n + n + p; reactions (1b) or (3)} to produce
excess neutrons, Kn, (0)(K > 1), then n, can gradually
increase to a self-sustaining value, with an associated
increase in the excess power. The amount of T and n
present at the self-sustaining stage would be substan-
tially smaller than the amount of “He, since T and n
are being recycled in the chain reaction, (1la) — (2),
consistent with the observation reported by Fleisch-
mann et al.? The use of electrolysis? can help chain
reaction, (1a) — (2), to become self-sustaining, since
both nt and n, will increase in or near the Pd cathode,
thus increasing both the reaction rates, R,;; and Ryp,
for (1a) and (2), respectively.

The above discussions of the chain reactions are
based on the assumption that the probability of T-D fu-
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sion, Prp, is nearly one, i.e., Prp = [dxompng =
JdEopnp/(dE/dx) = Ecipnp/(dE/dx) = 1, where E =
JdE. However, in heavy water, the stopping power, |dE/
dx|, for a 1.25-MeV T is estimated to be ~10° MeV
cm~!, which in turn yields Prp =10~* with E = 1.25
MeV, ny =6 X 1022 em~3, and opp = 1072 cm?, im-
plying that the chain reactions, (1a, 1b) — (2), are un-
likely to occur. However, the situation may be quite
different with electrolysis,? which produces an enor-
mously high concentration (equivalent to pressures of
10°-10* atm®3) of positive ions, D*, Li*, and T* on
and near the Pd cathode. The presence of a high con-
centration of D on and inside the Pd cathode together
with a higher production rate of T and n via reaction
(1b) could all help to overcome the difficulty due to Prp
=10-* in heavy water and to achieve the self-sustaining
state for the chain reactions (1a) — (2) and (1b) — (2)
on and/or in the Pd cathode. In addition, the Pd cathode
and, also, any stainless-steel containers and sinks used
(containing Fe) could act as very efficient reflectors of
the 14-MeV neutron, since the reactions, i Pd(n, 2n)
and Fe(n, 2n), have sizable cross-sections, (2.57 = 0.16)
and (0.5 £ 0.04) barns, respectively, at E|, ~14 MeV.*
In particular, Fe is one of the most efficient reflectors
of 14-MeV neutrons since the elastic cross section is also
large: (1.14 = 0.06) barns at E, =14 MeV (the total
cross section is 5.3 barns).*

4. EXPERIMENTAL EVIDENCE AND TESTS

Support for presence of the self-sustaining chain
reactions, (la, 1b) - (2), comes from the observation
reported by Pons and Hawkins!415 that in a preliminary
experiment, mass spectrometric analysis of evolved gases
from a cell operating at 200 mA with an electrode (Pd)
volume of 0.0785 cm?® and delivering 0.5 W cm=3 of
excess heat, gave a “He/D, ratio of 10-5-10~5, a value
which is substantially larger than that obtained from a
number of blank determinations. This corresponds to a
“He production rate of 8 x 10 to 8 x 102 cm=3s-1,
which is consistent with the chain reaction, (1a) — (2),
whose corresponding power, P (chain reaction), would
be

P(chain reaction)= R(chain reaction)(E.; + Erp)
= 14~14.4 Wecem~3

which is of the same order of magnitude as the observed
value of 0.5 W cm=3%15 E .= 0.77 x 10-R )
reaction and Epp = 2.82 X 10-12 J/reaction are the
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energies generated by reactions (la) and (2), respec-
tively. In calculating the above values of P (chain re-
action), R (chain reaction) ~4 x 10" to 4 x 10*2 cm~?
s~1 is used, since each chain reaction cycle produces
two “He nuclei. These values of R (chain reaction) cor-
respond to ny = n, = 0.85 x 107 to 8.5 x 107 cm—2.
However, external detection rates of these tritiums and
neutrons would be extremely low, since they are being
recycled in the self-sustaining chain reactions, (1a, 1b)
—> (2), while confined in a small volume localized inside
or near the Pd cathode which is shielded by the sur-
rounding Li-D,0 solution and by other materials used.

Other support for the self-sustaining chain reac-
tions, (1a) — (2} and (1b) — (2), comes from the recent
observations reported by Srinivasan et al.'6 that the use
of NaOD or LiOH instead of LiOD does not produce
excess heat during electrolysis. The use of NaOD (with-
out Li) will completely break the chain reactions, (1a)
— (2) and (1b) — (2), since there are no Li present.
The use of LiOH instead of LiOD will also break the
chain reactions, (1a) — (2) and (1b) — (2), since H is
a very efficient absorber of neutrons and hence will deter
the chain reactions from reaching the self-sustaining stage.
H will also lower the D+ concentration on and in the Pd
cathode.

It should be noted that reaction (1a) is the first ig-
nition stage in the experiments of Fleischmann et al.?
and Srinivasan et al.* since the background thermal neu-
trons are utilized in both cases. Therefore, it is expected
that the use of 7LiOD instead of natural LiOD (7.5% °Li
and 92.5% 7Li) in their experiments will result in no
generation of excess heat, since the absence of SLi elim-
inates the possibility of reaction (1a), and also reaction
(1b) cannot proceed with thermal energy neutrons be-
cause of the threshold neutron energy of 2.46 MeV needed
for (1b). The use of °LiOD instead of natural LiOD is
expected to make chain reaction, (la) — (2), proceed
faster but may produce less excess heat since the other
chain reaction, (1b) — (2), is absent. In fact, the absence
of 7Li and therefore the reaction, (1b) — (2), may pre-
vent the chain reaction, (1a) — (2), from reaching the
self-sustaining stage in some cases.

There are many improvements which could provide
more favorable conditions for achieving the self-sustain-
ing chain reactions, (la, 1b) — (2), in the experimental
apparatus for the FPH effect. Some are listed below.

(i) Use an intense neutron source.

(i) Use efficient neutron reflectors in optimal

geometrical arrangements.

(ili) Use an optimal current density larger than or

equal to the 512 mA/cm? Fleischmann et al.?
used.
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(iv) Use an optimal (larger volume and surface)
size of the Pd cathode.

{v) Use an optimal concentration of LiOD greater
than or equal to the 0.1 M Li concentration
Fleischmann et al.? used.

(vi) Operate the electrolysis for a sufficient dura-
tion to achieve a maximal loading of Li and
D on and in the Pd cathode.

(vii) Avoid the use of any electrolytes which con-
tain neutron absorbers, such as H (as in LiOH),
Cl (as in LiCl), N (as in LINO,), etc.

To test the chain reaction hypothesis for the FPH
effect, the following signatures should be measured si-
multaneously after the above-suggested improvements
are implemented:

(a) Excess heat generation as a function of the ratio
7Li/SLi for a given concentration of LiOD.

(b) “He (in Pd, in solution and outside as gas).

(c) T (in Pd, in solution and outside as gas).

(d) n (thermal energies to ~14 MeV).

For (a), the excess heat generation is expected to
vary as a function of the ratio 7Li/SLi for a given value
of LiOD concentration. This test can be used to distin-
guish between the chain reaction hypothesis and any
chemical reaction hypothesis involving Li, since SLi and
7Li being chemically identical are expected to produce
the same amount of heat from any known or unknown
chemical reactions involving Li.

It should be noted that there have been no direct
measurements of the 14.07-MeV neutrons (a clear sig-
nature of the chain reactions, (la) — (2) and (1b) —
(2)), which can be detected by a specially designed neu-
tron detector. It should be emphasized that the above
quantities, (a), (b), (c), and (d), are expected to be de-
tectable only after the self-sustaining stage (K=1) for
the chain reactions, (1a, 1b) — (2), is achieved. The
negative results for (a), (b), (c), or (d) reported by many
experimental groups at this workshop may be attributed
to the case of the subcritical stage (K < 1), since ap-
propriate geometries and other necessary stringent ex-
perimental conditions are required for achieving the critical
stage (K = 1).
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