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Deuterium isotope separation process takes place in the reaction of the amalgamated aluminium metal surface and water. The reaction
produces hydrogen gas with ~40 ppm deuterium content and the formed aluminium hydroxide gel is enriched in deuterium. The
theoretical separation factor is s=3.9. Besides the kinetic isotope effect, the key factor in the separation process is the H2O+HD=HDO
+H2 exchange reaction. Since only a low amount of amalgam forms on the aluminium surface, the overvoltage difference of the
deuterium and the hydrogen on the mercury does not play key role in the process. The main role of the amalgam formation is embodied in
the decomposition of the stable oxide layer on the aluminium surface, thus  ensuring free metallic surfaces for the reaction with the water.
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Introduction 

Deuterium-depleted water (DDW) has been a very 
promiseful antitumor agent used in human therapy 1 . The 
increasing demand has induced intensive research for new 
manufacturing methods2. Although the reaction of sodium 
amalgam with water resulted deuterium-depleted hydrogen 
with ~50 ppm deuterium content 3  which can easily be 
transformed into DDW, the availability of the sodium 
amalgam is limited (the only source is the mercury cathodic 
rock salt electrolysis process). Thus, other sources for 
deuterium-poor hydrogen and DDW respectively, is needed . 
Dissolution of metallic aluminium in aqueous NaOH and 
sulphuric acid 4  has resulted deuterium-depleted hydrogen 
evolution. Since the reactivity of aluminium toward water 
can be initiated by amalgamation of its surface with 
mercury(II) chloride solutions5, the reactions of aluminium 
or aluminium amalgam with water are potential candidates 
for deuterium  poor hydrogen  production.  

 

Experimental parts 

A metallic aluminium rod (99,99 % aluminium content, 
ALCOA KÖFÉM, Hungary) was immersed into 20 % aq. 
NaOH and after washing with water was immediately 
immersed into an 5 wt. % aq. mercury(II)chloride solution 
when intensive hydrogen gas evolution and aluminium 
hydroxide precipitate formation could be observed. The 
deuterium content of the hydrogen was determined by IR  
spectroscopy of the water condensed in a liq. trap and 
obtained by the reaction of the hydrogen gas with CuO at 
600oC.  

Results and Discussions 

The enrichment of the deuterium in natural waters by 
electrolysis has been known for a long time 6 . The isotope 
separation factor (s) can be defined as: 
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The numerical value of the separation factor is depends on  
some key factors such as the nature of the electrode 
materials. The factor is generally higher if the electrode 
metal has hydrogenating activity7 or the metals are alloyed 
with other metals 8 . The amalgams are a special kind of 
alloys, and the separation factor in the reaction of sodium 
amalgam with water is considerably higher 9  than the 
separation factor obtained by pure metallic sodium and 
water10. The hydrogen and deuterium overvoltage and their 
differences on metallic mercury are also key factors in the 
isotope separation processes in the presence of metal 
amalgams. Although, in the case of amalgams this 
difference  may also be attributed to the presence and effect 
of  metals dissolved in the mercury or the presence of 
intermetallic compounds as NaHgx alloys11. 

Preparation of hydrogen by the electrolysis of water is a 
simple reduction of the hydrated proton (deuterium cation)12.  
Consequently, reduction of H+ and D+ cations with electrons 
originating from chemical reducing agents like metals, the 
same isotope separation effects can be expected. Since the 
dissolution rates of metals in deuterated acids are slower 
than in normal acids13,  isotope separation can be expected 
in these reactions. E.g. in case of alkali metals, zink, calcium 
or aluminium4 the deuterium content of the evolved 
hydrogen gas has decreased. Other factors affecting  isotope 
separation in the electrolytic hydrogen generation can also 
be occurred.  

Isotope exchange reaction between the formed deuterium 
containing hydrogen gas and the water has also occurred:  
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H2O + HD = HDO + H2   (2) 

Using natural water in these processes, no D2O or D2 are 
present due to the low absolute value of deuterium content 
in the system, so only the HD content has to be taken into 
consideration. The reaction (3) is an equilibrium reaction, 
and the equilibrium constant is about 3 at 20 °C14. 

 

      (3) 

 

Aluminium is an amphoteric element and its reaction with 
0.1 N sulphuric acid 15  or sodium hydroxide showed 
deuterium isotope separation with  2.0 and 4.3 separation 
factor, respectively. Aluminium does not react directly with 
water due to the surface oxide layer which prevent  the 
contact with water. Decomposing this layer with mercury(II) 
chloride which simultaneously amalgamates the aluminium 
surface, an amalgam covered reactive aluminium layer is 
formed which easily decomposes the water without adding 
acids or bases16:  

Al(Hg) + 3H2O =Al(OH)3 + 1.5H2 + Hg  (4) 

For water samples containing deuterium at natural 
abundance level  the experimentally found separation factor 
was proved to be ~3.9 which is  slightly higher than the 
values obtained for sodium amalgames (Table 1). 

Table 1. 

Isotope separation factors in the reactions of metals and their 
amalgams with hydrated H+(D+) ions  

Metal   Reactant  s value Ref. 
Na   H2SO4  1.2  15
Na   H2O   1.7-2.8 4
Na(Hg)   H2O   3.3-3.5 4,9
Al   H2SO4  2.0  15 
Al(Hg)  H2O   3.9  Our work 
Al   NaOH  4.3  4
 

Either the pH or the presence of mercury plays important 
role in the deuterium isotope separation factors. Topley and 
Eyring have concluded17 that the separation factors during 
elctrolysis are generally lower in acidic than in alkaline 
solutions independently from the nature of the electrode 
metal. The same tendency could be obserbed in case of 
alkali metals, calcium and aluminium by Hughes et al. If the 
water reacts with sodium, the formed NaOH is a strong base 
which initiates the deuterium isotope exchange reactions 
between the water and the HD gas. The main reason for this 
behaviour is the difference between the activation energies 
of NaOD and NaOH formation due to the lower zero point 
energy of the NaOD which leads to the preferred NaOD 
formation18.  

In case of aluminium hydroxide precipitate19  there is no  
considerable concentration of free OH- or OD- ions. It is 
correlated with the facts that in sulphuric acid solutions the 
separation factor is much smaller (2.0) than in neutral water 
(s=3.90). In the presence of NaOH, however, only a slight 

increase could be observed since the sodium hydroxide 
dissolves the aluminium hydroxide precipitate and the free 
hydroxide ion concentration is controlled by the dissociation 
equilibria of the formed hydroxyaluminate complexes. Not 
only the hydroxide ions but other monovalent anions can 
initiate the isotope sepration processes, because using 
sodium choride to prevent the passivation of aluminium in 
sulphuric acid solutions, the presence of sodium chloride 
increases the deuterium isotope separation factor from 2.0 to 
4.0.   [ ][ ]
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