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A method for the production of hydrogen from a water 

medium 

The present invention relates to a method for the 

production of hydrogen from a ,water medium. 

Many methods are known for obtaining hydrogen from water: 

1. interaction between water and hydrides; most often 

calcium hydride (CaH2 ) is used and lithium hydride (LiH) 

is particularly valuable. Hydrogen production takes place 

according to the following reactions: 

caH 2 + 2H20 = Ca(OH)2 + 2H2 

LiH + H20 = LiOH + H2 . 

These methods are not very productive and also are very 

expensive since the hydrides are expensive substances. 

2. Interaction between water and metals. Some of the 

metals decompose water 

sodium (Na), potassium (K) 

at ordinary temperature, e.g. 

or lithium (Li), according to 

the reaction: 2Na + 2H20 = 2NaOH + H2 . 

Other metals decompose water at high temperature, e.g. 

iron (Fe) according to the reaction 

3Fe + 4H 20 = 4H2 at about 500°C. 

3. Interaction between water and metalloids. This method 

has been developed particularly on the basis of the 

interaction between water and phosphorus (P) vapours at 

about 400-600°C according to the reaction: 

P + 4H 20 = H3P0 4 + 2 1/2H 2 . 
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A more important method is the interaction between carbon ( 

(C)-coke, anthracite and water vapours at the temperature 

of about 1100°C according to the reaction: 

C + H20 = CO + H2 . 

The obtained gas mixture is known under the name of water 

gas. The removal of CO, e.g. by means of its liquefaction 

is not of practical importance. It is carried out by 

cooling the gas to about -200°C (Frank-Karo Linde's 

method). Carbon monoxide trails are removed by passing the 

gas through appropriate sodium hydroxide heated up to 

80 0 - 85 0 C according to the reaction: 
CO + NaOH HCOONa. 

Most often carbon monoxide is removed according to the 

following method: the water gas is mixed with a given 

amount of water vapour and this mixture is passed over a 

catalyst heated up to 450-500°C, (usually FE
2

0
3 

activated 

~ith Cr
2

0
3 

or NiO) and the following reaction takes 

place: 

(H
2

) CO + H
2

0 = (H
2

) CO
2

+ H2 (Conversion reaction of CO) 

CO 2 from the mixture CO 2 + H2 is removed by its 

dissolution under pressure (about 2.5 MPa) in cold water 

and its trails are removed by gas scrubbing with Ca(OH)2: 

Ca (OH)2 + CO 2 caco 3 + H20 

small quantities of carbon monoxide are removed by passing 

the gas through an ammonia solution of copper chloride 

(CuCI). The following reaction may also be used for CO 

removal from water gas: 

CO + H2 + Ca(OH)2 = caco 3 + H2 which takes place at about 

400-450°C. 
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4. Interaction between water and carbid~s. Most often 

calcium carbide is used (caC 2 ), according to the reaction: 

5. Interaction between water and methane. The mixture of 

water vapours and 

catalyst, such as 

methane is passed over a suitable 

platinum or iron, heated up to IOOO°C 

according to the reaction: 

CH 4 + H20 = CO + 3H 2 

The carbon monoxide is removed in the same manner as 

described above. 

6. Water electrolysis. 

Water including an alkali base, such as 

hydroxide (KOH) or sodium hydroxide (NaOH), is 

hydrogen 

potassium 

subjected 

at the to electrolysis with 

cathode. The hydrogen 

production of 

obtained in this manner is rather 

pure in comparison with that obtained by other methods; 

however, the method is expensive and energy consuming. 

7. Water electrolysis (or overheated vapour heated at 

700-1000°C) by creation of a high frequency ionisating 

field, as well as magnetic pulsating field. Apparatuses to 

carry out such method are available, for instance 

filter-press type EP-24/12-12 having a capacity of 24 m3 

hydrogen/hour and 12 m3 oxygen/hour with an energy 

consumption of 2390 A/hour. Cell tension 1.18V or 2,9 
3 Kw/hour per m of hydrogen. 

8. The cold nuclear synthesis of Pons and Fleishmann 

wherein hydrogen from heavy water and heavy water 

electrolysis is obtained with two different electrodes 
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made of platinum and palladium respectively. This method, 

even if already proved, has no practical significance 

since only heavy water (D 20) must be used. 

The object of the present invention is to provide a very 

simple method for obtaining hydrogen from water, which is 

cheaper in comparison with all other up to date methods. 

It has been surprisingly discovered that when a palladium 

sponge is introduced into a water medium including a 

volume of heavy water, hydrogen and oxygen evolution takes 

place from the water medium. 

Accordingly the invention 

production of hydrogen from 

provides a method 

a water medium, which 

for the 

method 

comprises introducing a palladium sponge in a water medium 

comprising heavy water, thereby to cause hydrogen 

evolution. 

The initial concentration by volume of heavy water in the 

ordinary water medium is not particularly critical; 

however it is preferred that such volume concentration be 

in the range from 2 to 2.2 % by volume; particularly 

preferred is a volume ratio between ordinary and heavy 

water of 50:1. 

The process takes place at room temperature and 

atmospheric pressure, by simply introducing the palladium 

sponge within the heavy water containing water medium. It 

has been observed that evolution of hydrogen, oxygen and 

helium as well as garuna radiation start within 3-4 minutes 

from the introduction in the water medium of the palladium 

sponge. On a background of 3-4 impulses in an hour, the 

gamma radiation reaches 1800-2300 impulses. 



, 

W093125468 PCf/EP9210t302 

5 

A further subject of the invention is a palladium sponge 

which is particularly adapted to carry out'the method of 

the invention. Such palladium sponge is preferably 

obtainable by subjecting a palladium body, preferably. 

powdered palladium, to an accelerated ion beam. Methods 

for subjecting a body to an accelerated ion beam of 

different chemical elements are known in the art and 

microelectronic devices are made available to carry out 

such methods. Such methods provide for a modification of 

the target substance by relying on phenomena which take 

place in a vacuum medium as the result of the interaction 

between accelerated ions and a hard body. Available 

methods, which are adapted for obtaining the palladium 

sponge to be used in the method of the invention, include 

ion implantation, ion lithography, molecular-radiant 

epitaxy, ion-radiant mixing, as well as methods for 

pickling (etching) and direct doping (alloying) with a 

fine focused and computer controlled ray. The ion-radiant 

synthesis of compounds and especially of dielectric layers 

from Si0 2 , Si3N4 and SiC by reagent ion implantation e.g. 

by introducing accelerated chemical active ions of carbon, 

nitrogen and oxygen in a monocrystal silicon, has been the 

subject of a particular scientific and practical interest 

during the last years. Practically significant is the fact 

that the above-ment~oned compounds may be synthesised on 

the silicon surface as well as at a certain depth under 

the surface, so that the above mentioned methods provide 

the possibility to form surface or hidden layers. Ion 

implantation, which is described in the Kirk-Othmer 

Encyclopaedia of Chemical Technology, third edition, 

volume 13, page 706-719 (incorporated hearing by 

reference) is the preferred method to obtain the palladium 

sponge to be used in the method of the invention. Ion 

implantation has recognised advantages such as that of 

being a pure vacuum process, of allowing a precise control 
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of the parameters and high degree of reproducibility of 

the results. Such a technique allows to introduce ions 

through thin passivating surface layers of the target body 

and allows to handle the distribution profile at depth by 

changing the accelerating tension, thus 

achieve high concentrations in spite of 

provided by the chemical solubility. 

allowing to 

the limits 

Preferably the palladium sponge is obtained by 

implantation of palladium ions into a palladium powder 

without using Argon. 

The method of the invention will be thoroughly described 

by means of the following examples. 

Example 1: procedure for obtaining a palladium sponge. 

A conventional twin-beamed ion implanter is used with the 

following ~aw materials: 

Pd: purity 99.95% 

PdO: palladium-oxide-salt 

Argon: argon gas, purity 99.99% 

Pd: powder with grain size of from about 1 to about 

1.05 micron. 

An amount of 0.4 up to 0.6 e.g. of palladium powder is 

introduced in the target chamber of the ion implanter. 

4g PdO and 4 cm3 argon gas are introduced in the sputter 

ion source of the ion implanter; the Ar gas is not an 

obstruction on the Pd+ way. ' 

Implantation is carried out consequently with Pd+ 

(palladium cation) and argon gas. The energy accompanying 

the implantation is 150-200 KeV; dose 5.10 17 _2.5.10 18 
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Implantation temperature: SOO-600°C. 

Annealing: 11S0-1410°C. 

Annealing duration: 0.5 up to 6 hours. 

PCI'/EP92/01302 

Elaboration of the computer program to manage the 

implantation algorithm: building of small channels with 

length of 100S.4A (Angstrom) under an angle of 105.4°; 

channel width: 10S.4A. 

The implantation of palladium cations, in the presence of 

Ar (molecular argon) aims at forming a sponge under the 

influence of the inert gas argon. The thus obtained 

palladium sponge was used in the process of the invention 

for the production of hydrogen and oxygen at mild 

conditions with the use of ordinary water and heavy water 

at room temperature. 

Example 2 

Production of hydrogen 

One litre of ordinary water and 20 ml of heavy water (D 20) 

are introduced into a lead glass container with thickness 

of the lead glass of about 3-4 mm. 

1.8-2.3 g. of palladium sponge as obtained by the above 

described ion implantation technique are introduced into 

the water medium. 

Within 3-4 minutes hydrogen and oxygen in a volume ratio 

of 2:1 and a small quantity of helium are formed and 

emission of gamma radiation takes place. As the times goes 

on, in about 1 hour, the heating of the water medium takes 

place and the temperature reaches 62-67°C. It has been 
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noticed that with an increased initial ~mount of the 

palladium sponge a higher exothermic effect is obtained; 

for instance with 3.6-4.6 g of palladium sponge the 

temperature of the water medium reaches 92-93°C and water. 

evaporation starts. Evaporation of water is however not 

desirable since the main purpose is to produce hydrogen 

and oxygen. 

After the start of the reaction the pouring of additional 

quantities of water and the changing of the ordinary 

water/heavy water ratio do not play any significant role 

and are not susceptible to cause a reduction or 

interruption of the reaction rate. such a reaction may 

work for a long time and experiments up to one year and 4 

months of continuous running have been carried out. 

If the palladium sponge is removed from the water medium 

the reaction stops and the gamma radiation disappears. The 

palladium sponge as well as the water medium are not 

radioactive. When the palladium sponge is introduced again 

into the water medium, the reaction starts and addition of 

heavy water (D 20) is not necessary. We have not noticed 

any significant loss of weight of the palladium sponge 

after its continuous use, and theoretically it may be 

presumed that the palladium sponge does not substantially 

wear out. Palladium has the natural property of strong 

affinity to hydrogen and deuterium and is able to absorb a 

volume of hydrogen or deuterium equal to about 3000 times 

its own volume. 

Although the applicant does not wish to be bound to any 

specific explanation of the reaction mechanism, it is 

believed that a chemical catalytic and naturally handled 

nuclear reaction takes place. 

I 
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The involved species are: 

hydrogen H ~ P + e 

deuterium D~ p + n + e 

tritium T--.:::;vp + 2n + e 

wherein 

p stands for proton 

n stands for neutron 

and e stands for electron. 

9 

More specifically it is believed that the two cycles are 

involved, namely: 

1) p-p from H20 + H20 

2) ~-p-n from H20 + D20 

Initially, the first cycle p-p takes place, with heavy 

water consumption in the amount of about 81-85% for a 

period of about 96 hours, (as determined on samples 

periodically taken from the H
2

0 and D20 solution) after 

which the second cycle p-p-n takes place where new D20 

starts forming. D20 recovery takes place in the amount 

24-32% and in this way the reaction is looking 

of 

for 

resonance regime of work with a maximum formation of 

hydrogen and oxygen. The starting of the reaction and its 

duration is due to the natural properties of palladium and 

of the specially prepared lattice of palladium sponge 

which creates gravitational collapse (shrinkage) of H2 and 

D; the great pressure between the ions leads to .the 

release of energy in the amount of 26.7 MeV (mega electron 

volts) and this energy is susceptible to cause the joining 

of two or more protons. Helium is formed together with 

gamma radiation, which however occurs at a very low level 

which cannot be compared with that of an uncontrollable 

nuclear reaction. 

As it is known in nuclear physics, the binding energies 
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have an order of magnitude of million electron volts 

(MeV). The kinetic energy of the electron is 1 MeV. The 

binding energy (E) of e , that is, connected with the mass 

is 0.51 MeV. 

The binding energy of helium is 27 MeV. 

It is known that light hydrogen H2 at electrolysis is 

formed at the cathode with a rate which is 5-6 times 

higher than that of heavy hydrogen (D 2 ) . If the atomic 

ratio of H2 to D2 is 5000:1, the electrolysis of 6 litres 

of ordinary water results in 1 cm3 of pure heavy water 

D2O. 

The new isotopes of hydrogen and helium are: 

tritium IH3 and 2He 3 however such isotopes are present in 

only trace amount and do not play any role in the present 

case. 

The helium may be detected by gas-mass spectrometry and is 

the results of the joining of two protons. The absorbed 

radiation of 26.7 MeV destroys new water molecules and 

creates free radicals, thus making possible the joining of 

new protons. In this way conditions are available for the 

beginning of the second cycle p-p-n and D20 + H20 are 

obtained. 

The increase of the concentration of D20 is a confirmation 

that the second cycle takes place. The D2 nucleus has D 

p + n and the binding energy is 22.24 MeV. The He nucleus 

has He = 2p + 2n and the binding energy is 28.30 MeV. 

These reactions take place on a micro-molecular level in 

the crystal lattice of the palladium sponge. 

Evidence that the above mentioned reactions take place 
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under the described conditions, with the use of a 

palladium sponge and a water medium comprising ordinary 
water and a limited amount of heavy water -is provided by 

the evolution of hydrogen, oxygen and helium, as 

determined by gas-mass spectrometry and by the emission of 

gamma-radiation. 

Thus, the invention provides a method for the production 

of hydrogen which is adapted to be industrially exploited. 

The formed gases are not radioactive and the palladium 

sponge, when taken out from the water medium is not 

radioactive. Also the water medium is not radioactive. 

The gamma-radiation emission takes 

molecular level in the crystal lattice 

place at 

of the 

sponge when immersed into the water solution. 

a micro 

palladium 
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CLAIMS 

1.A method for the production of hydrogen from a water 

medium comprising introducing a palladium sponge in a 

water medium comprising heavy water thereby to cause 

hydrogen evolution. 

2. A method according to claim 1, wherein said water 

medium comprises of from 2 to 2.2 % by volume of heavy 

water. 

3. A method according to claims 1 or 2, 

palladium sponge is obtained by subjecting 

body to an accelerated twin beamed ion beam. 

wherein said 

a palladium 

4. A method according to claim 3, wherein said palladium 

sponge comprises implanted palladium ions. 

5. A method according to any of claims 1 to 4, wherein 

said palladium sponge is obtained by subjecting a 

palladium powder to implantation of palladium ions. 

6. A method according to claim 5, wherein implantation is 
carried out in the presence of inert gas argon. 

7. A palladium sponge as obtainable by ion implantation of 

palladium ions into a palladium powder. 

8. A palladium sponge according to claim 7, wherein the 

palladium sponge after having been subjected to ion 

implantation is subjected to annealing at a temperature of 

from 1150 to 1410°C for a time of from 0.5 to 6 hours. 

9. The use of a palladium sponge according to claims 7 or 

8 for the production of hydrogen in a water medium 

comprising heavy water. 
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