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The role of deuterium in the nuclear (power) industry is
well known, and numerous methods have been developed
for the separation of deuterium-enriched compounds,
including heavy water. Nevertheless, improvement of iso-
tope separation is still an important and challenging task.!-?
Since deuterium-poor light water and its derivatives (also
obtainable in this process) have provided new perspectives
both in cancer research and therapy,® the development of
efficient methods for the production of light water in large
quantities is particularly important.*

It has been known that the deuterium content of the
hydrogen obtained in the reaction of metals with acidic or
alkaline aqueous solutions or water is lower than in the
original reactant solutions.>% As a general rule, it can be
stated that the presence of alloys increases the value of the
separation factor. However, mercury, having no contact
with the metals in the system, has no effect on the separation
factor.® At the same time, it has been stated that hydrogen
and deuterium can be separated via mercury-pool cathode
electrolysis of aqueous solutions.” In this process the separa-
tion factor can be increased by substances which increase
the rate of hydrogen deposition (e.g. CoS). Therefore, our
efforts were directed to the development of such a separa-
tion method which eliminates the drawbacks of the electro-
lysis (e.g. polarization); at the same time the benefit of
alloys providing increased separation factor is realized.

This paper presents isotope separation under in-situ gen-
eration of hydrogen gas by chemical reaction between a
sodium-amalgam reagent and natural water. Our efforts
were directed to obtain deuterium-depleted hydrogen gas
and water.

Experimental

The sodium amalgam containing 0.3% of sodium was
obtained by mercury-pool cathode electrolysis of a satur-
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ated sodium chloride solution (current density 1 A cm ™2

decomposition potential 4.5 V; temperature 90°C). A
chloride-selective Ti/RuO, electrode was used as anode.
The sodium content of the amalgam was calculated from
the sodium chloride content of the residual brine
(260 g dm~?) and from the amount of mercury consumed
in the reaction.

The sodium amalgam containing 3.0% sodium was
prepared by the amalgamation of metallic sodium and
mercury in a sand bath at 110°C under an inert gas
atmosphere. The sodium amalgam was allowed to react
with water at 90°C until the sodium content of the
amalgam decreased to 0.01% simultaneously with the
formation of sodium hydroxide solution (10 or 50%
NaOH). At lower temperatures the reaction of the
sodium amalgam was very slow.

We also made an attempt to react metallic sodium
with water at 90 °C. In the presence of a large excess of
water the reaction ran without problems. However,
owing to the interference of air humidity and to small
changes in the deuterium content of the water, these
experiments could not be carried out.

A determination of the deuterium content of the gas
obtained was performed by IR spectroscopy of the water
formed either via the direct combustion of hydrogen in
oxygen or air, or by catalytic conversion by means of a
copper oxide catalyst. The measurement of the deuterium
content of the hydrogen was also checked via the meas-
urement of the amount of deuterium in the residual
solution. The oxidation techniques used (direct/catalytic,
oxygen/air) did not have a significant influence on the
deuterium content of the water. It should be noted,
however, that the water vapor in the air may influence
the analytical results owing to its higher deuterium
content (154 ppm of HDO in the condensed water). For
similar reasons, the hydrogen gas also had to be dried
carefully before combustion.
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Table 1. Isotope separation factors of sodium and sodium-
amalgam water systems.

Temperature, Separation
Reagent t/°C factor, s Refs.
Na 40 2.60 6
3.0% Na(Hg), 90 3.31 This work
0.3% Na(Hg), 90 3.47 This work

Results and discussion

The in situ formation of the hydrogen is presented in
eqn. (1):

Na(Hg), +n H,0 =NaOH(aq) + x Hg + 1/2 H,
+(n—1)H,0 (1

The sodium hydroxide formed in this exothermic reaction
remains in the solution. The experimental isotope separa-
tion factors defined in eqn. (2) are illustrated in Table 1.

§= (H/D)gas phase/( H/D)liquid phase (2)

Under the experimental conditions described the isotope
separation factor (at 90 °C) for the reaction of the amalgam
obtained by electrolysis (0.3% sodium) was found to be
3.47. This value was calculated on the basis of eqns. (1)
and (2). The isotope separation factor is independent of
the amount of water decomposed. Conversion of this
sodium amalgam into 50% sodium hydroxide solution
provided hydrogen with 50 ppm of deuterium. Since in the
course of the industrial production of sodium hydroxide a
sodium amalgam (0.3-0.4% sodium) decomposes at
90-100 °C, this phenomenon allows the introduction of an
industrial technology for the production of deuterium-
poor hydrogen gas and water.*

Table 1 shows that a decreasing content of mercury in
the sodium amalgam leads to decreasing values of the
separation factor. Although above 40°C the reaction
between metallic sodium and water could not be carried
out successfully, in the reaction of a sodium mirror with
water vapor the separation factors at 23 and 80 °C were
found to be the same.®

Further, it is known that on mercury® and on other
metals'®!! the values of the hydrogen and deuterium
over-potentials depend on temperature.'?> However, the
deviation between the hydrogen and deuterium over-
potentials on mercury remains constant as a function of
temperature. Thus eqn. (3) is valid.

d(ny—np)/dr=0 (3)

Since the separation factor is proportional to the differ-
ence in the over-potentials of two isotopes,!?® the separa-
tion factor can be also considered to be independent of
temperature in a sodium amalgam-water system. In this
way, the separation factors obtained for sodium metal
at 40°C and for sodium amalgam at 90 °C, in the first
approximation, are comparable.

Considering that the separation factor for the reaction
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of sodium with water (0% amalgam) has a lower value
(s=2.60) in comparison with that obtained for the
amalgam containing 0.3% sodium (s=3.47), it may be
assumed that the sodium in the other amalgam (3.0%
sodium) partly reacts as the pure metal. This may explain
the lower than expected value (s=3.31) obtained at the
higher sodium content (3.0%). The presence of sodium-—
mercury compounds as loose associates may also have
an effect on the separation factor.'4!5

It may be established that the degree of separation may
be influenced primarily by differences in the over-potentials
of hydrogen and deuterium on mercury and/or sodium
amalgams, and secondarily by isotope exchange between
the liquid and gas phase and by catalytic effects in simultan-
eous processes, primarily due to the materials formed.

Isotopic exchange between hydrogen and water is cata-
lyzed by several metals. However, mercury does not have
such an effect.®'? At the same time, various acids and
bases also have catalytic effects on this type of isotopic
exchange reaction.!® In the isotopic exchange reaction
between hydroxide and deuteroxide ions in sodium hydr-
oxide solutions, the role of a hydroxide-ion cluster with
three water molecules is of considerable importance.!”
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