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The present invention relates to improved aqueous fuels for 
hydrogen generators and a method for using them in the 
production of hydrogen. The present invention also relates to 
a System of using the Subject aqueous fuels to generate 
hydrogen gas for use in a fuel cell or other device. The 
Subject fuels contain a mixture of boron hydrides, at least 
one of which is a metal Salt, including metal borohydrides, 
higher boranes and metal higher boron hydrides. The Subject 
aqueous fuels contain a mixture of boron hydrides having a 
positive ionic charge ("IC) to boron ratio of between 0.2 and 
0.4 or between 0.6 and 0.99. Preferred fuels contain a 
mixture of boron hydrides having an ("IC) to boron ratio 
between 0.2 and 0.3 or between 0.7 and 0.8. Mixtures 
containing a metal borohydride also contain a metal hydrox 
ide to Stability it against premature hydrolysis in the aqueous 
fuel media. 
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FUEL BLENDS FOR HYDROGEN GENERATORS 

FIELD OF THE INVENTION 

0001. The present invention relates to a blend of boro 
hydride Salts for use in the generation of hydrogen. 

BACKGROUND OF THE INVENTION 

0002. It has been known for about fifty years that a 
variety of boron hydrides, hereafter borohydrides, especially 
their metal Salts, are useful in the generation of hydrogen. It 
is also recognized that hydrogen generation takes place via 
hydrolysis generally catalyzed by acid or metals, as reported 
by Schlesinger, et al. in “Sodium Borohydride. Its Hydroly 
sis and Its Use as a Reducing Agent in the Generation of 
Hydrogen”, J. Am. Chem. Soc., Vol 75, pp. 215-219, 1953, 
and G. W. Parshall in, “Hydrogen Generation by Hydrolysis 
or Alcoholysis of a Polyhydropolyborate-Group VIII Metal 
Mixture" U.S. Pat. No. 3,166,514. This early work has been 
improved upon by the development of Systems for the 
controlled generation of hydrogen on an as-needed basis. 
U.S. Pat. No. 6,534,033 describes controlling the generation 
of hydrogen by contact of an aqueous Solution of borohy 
dride by pumping the Solution through a chamber containing 
a metal catalyst thereby converting the borohydride to 
hydrogen gas and borate Salts in near quantitative yield 
according to Equation 1: 

0003) There are a number of factors governing the selec 
tion of particular borohydride Salts for use in the proceSS 
illustrated in Equation 1. Primary among these is Solubility 
in water. Borohydrides generally possess a Solubility in 
water of from about 7% to about 35% by weight at 25° C. 
Lithium borohydride has a solubility of 7%, potassium 
borohydride is about 19%, and sodium borohydride is 
Soluble at about 35%. For this reason, as well as Some others, 
notably including Safety and convenience, Sodium borohy 
dride is the salt of choice for fuel Solutions for a hydrogen 
generator. Sodium borohydride, which possesses a high 
gravimetric hydrogen Storage density of about 7.4 wt. per 
cent in a Saturated Solution at ambient temperature, is 
preferred in the practice of the present invention as well. 
0004. In a concentrated solution of sodium borohydride, 
such as described above, there is initially sufficient water for 
the complete hydrolysis of the sodium borohydride as well 
as for maintaining the borate product in Solution. However, 
as the hydrolysis progresses and water is consumed as 
shown in Equation 1, the amount of water present and 
available to maintain the borate product in Solution 
decreases. In the event the amount of water in the System 
declines to the point where the borate Salt precipitates out of 
Solution in the catalyst reactor, or in any of the plumbing 
connecting the Storage tanks to the reactor, the hydrogen 
generator could become progressively blocked to the point 
where it would have to be stopped, disassembled and 
cleaned. 

0005. As a result of the potential for the borate product to 
precipitate from Solution, the concentrations of Sodium 
borohydride in fuel Solutions for hydrogen generation are 
limited to between about 15% and 20% by weight in spite of 
its comparatively high Solubility. Such Solutions represent 
about 4.25 Wt.-% hydrogen generated. This is recognized as 
being the practical limit for hydrogen generation, See for 
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example, Von Dohren, “Raney Catalyst for Generating 
Hydrogen by Decomposition of Boranes”, U.S. Pat. No. 
3,615,215. This limitation results in a corresponding reduc 
tion in hydrogen Storage capacity and would not be consid 
ered as optimal in those situations where Volume is at a 
premium. Typically, Such is the situation, and it is especially 
desirable to have a hydrogen-dense fuel to maximize the 
amount of hydrogen Stored per unit volume of fuel. Such 
fuels are provided in accordance with the present invention. 

SUMMARY OF THE INVENTION 

0006. In accordance with the present invention, there are 
provided fuel blends for hydrogen generation comprising a 
mixture of boron hydrides, including at least one borohy 
dride Salt with a positive ion Selected from the group 
consisting of alkali metal cations, alkaline earth metal cat 
ions, aluminum cation and ammonium cation Such that the 
mixture possesses a predetermined molar ratio of Solvated 
positive ionic charges (IC) to boron atoms, whereby the 
solubility of the borate is maximized. Such fuel blends 
facilitate fuels with high gravimetric hydrogen Storage that 
can be utilized for the generation of hydrogen with mitigated 
concern for premature Solidification of the borate product in 
the hydrogen generation apparatus. Fuel blends equivalent 
to solutions containing between 30% and 38% by weight of 
Sodium borohydride, and therefore, gravimetric hydrogen 
storage densities of between 6.4% and 8 wt-%, can be 
effectively hydrolyzed to produce hydrogen without the 
disadvantages of known fuels. There is also provided an 
improved method and System for the generation of hydrogen 
utilizing the fuel blends described herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0007. The present invention relates to acqueous fuels for 
hydrogen generation containing certain mixtures of boron 
hydrides. Boron hydrides in this context refer to boranes, 
including polyhedral boranes, and anions of borohydrides or 
polyhedral boranes. More particularly, the present invention 
relates to acqueous fuels containing blends of boron hydrides 
having a predetermined molar ratio of Solvated positive 
ionic charges (ICs) to boron atoms. It has been found that 
this ratio results in a Solubility maximizing, not of the 
components of the fuel, but of the borate product of the 
hydrolysis reaction that results in the generation of hydro 
gen. By Solubility maximizing in this context is meant 
achieving optimum Solubility of the borate product in rela 
tion to the concentration of the borohydrides in the fuel, 
thereby minimizing the incidence of precipitation of borate 
product during the generation of hydrogen as a result of the 
consumption of water in the hydrolysis of boron hydrides, 
for example, as shown for the borohydrides in Equation (1). 
0008 The ratio of positive ionic charges (+IC) to boron 
is determined in accordance with the present invention in the 
following manner, using alkali metal Salts as an example. 
Alkali metal borate Salts are typically written in the format 
j M.O.k BOX HO, wherein M is chosen from lithium, 
Sodium and potassium. The values for j, k and X will vary 
for different borates. For example, the mineral Borax has 
j=1, k=2, and X=10 and, therefore, can be written 
NaO.2BO-10HO or NaBO7.10H2O. Those of ordinary 
skill in the art recognize that nearly any ratio of to k will 
form a solid crystal borate salt, but the solubility of Such 
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crystals in water will vary. There are two temperature 
dependent Solubility maxima occurring at to k ratioS 
between 0.2 and 0.4 and again at ratios between 0.6 and 
O.99. 

0009. The solubility of borates as a function of the value 
of the j to k ratios discussed above have been known for 
many years. See for example, Nies and Holbert, Journal of 
Chemical and Engineering Data, Vol. 12, No. 3, pp 303-313, 
1967, Adams, “Boron, Metallo-Boron Compounds and 
Boranes' John Wiley & Sons, page 81, 1964, and Garret, 
“Borates, Handbook of Deposits, Processing, Properties and 
Use'", Academic Press, 1998, page 454. Salts in the formula 
given above wherein M is potassium or lithium have similar 
solubility maxima, Adams ibid, pp 81 and 83, Reburn and 
Gale, Journal of Physical Chemistry, Vol. 59, No. 19, 1955. 
While such values, along with countless others, have been 
available in the open literature for many years, their value in 
the determination of fuel blends for hydrogen generators has 
heretofore been unrecognized. 
0010. In accordance with the present invention, fuel 
blends for hydrogen generators are chosen to comprise a 
mixture of boron hydrides such that the value of the molar 
ratio of positive ionic charges (ICs) to boron atoms is 
between 0.2 to 0.4, preferably between 0.2 and 0.3, or 
between 0.6 and 0.99, preferably between 0.7 and 0.8. The 
fuel mixtures in accordance with the present invention are 
comprised of a boron hydride Salt wherein the positive ion 
(M) is selected from those of an alkali metal Such as Sodium, 
lithium, potassium, an alkaline earth metal, aluminum or 
ammonium in combination with at least one other boron 
hydride such that the desired ratios are achieved. Suitable 
boron hydrides include, without intended limitation, the 
group of borohydride salts (MBH), triborohydride salts 
(MBHs), decahydrodecaborate Salts (MBH), 
tridecahydrodecaborate Salts (MBH), dodecahydrodode 
caborate Salts (MBH), and octadecahydroicosaborate 
Salts (MBHs) and related neutral borane compounds that 
are compatible with the boron hydride Salts, Such as decabo 
rane(14) (BoH), where M is an alkali metal, alkaline earth 
metal, or aluminum cation. 
0011. It is within the scope of the present invention to 
utilize mixtures of such higher boron hydrides such that the 
desired molar ratio of positive ionic charges (ICs) to boron 
atoms is achieved. Although Such mixtures may contain 
boranes, Such as those given above, it is necessary to also 
have at least one boron hydride salt so that the desired (ICs) 
to boron ratio is achieved. Preferred mixtures of positive ion 
boron hydrides in accordance with the present invention 
include, without intended limitation: a metal borohydride, 
preferably Sodium borohydride, and decaborane(14); a metal 
triborohydride and a metal dodecahydrododecaborate; a 
metal borohydride and a metal triborohydride; and a metal 
borohydride and a metal dodecahydrododecaborate. It is not 
critical whether the mixtures of boron hydrides in the subject 
fuels have an 'IC/B ratio falling between 0.2 to 0.4 or 
between 0.6 and 0.99 as both are advantageous. The selec 
tion of component boron hydrides and the resultant "IC/B 
ratio may be determined by economic considerations, e.g., 
the relative availability and cost of the individual boron 
hydride compounds, as well as consideration of the chemical 
reactivity and human health effects of the individual boron 
hydride compounds. Whether a particular mixture is within 
one or the other may be determined by other considerations, 
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such as relative solubility of various boron hydrides, desired 
operating temperature range of the mixture and the like, and 
is considered to be within the purview of one of ordinary 
skill in the art. 

0012. The positive ion component of the higher borohy 
drides described above may be, in addition to the alkali 
metal cations as described in reference to the borohydrides, 
alkaline earth metal cations, or aluminum cation. Preferably, 
the positive ion is Selected from Sodium, lithium, potassium, 
beryllium, magnesium, calcium, or aluminum. It is not a 
requirement that where the Subject fuel mixtures contain 
more than one borohydride Salt, the positive ion components 
thereof be the same. AS Stated above, the positive ion 
component for the metal borohydrides of the subject fuel 
blends is preferably sodium. Those of ordinary skill in the art 
recognize that, wherein a borohydride Salt is present in 
aqueous fuel mixtures for hydrogen generators, it will 
readily hydrolyze unless it is Stabilized against hydrolysis by 
the presence of a strong base. Suitable bases for this purpose 
are the hydroxides of the respective metals given above that 
are Strong bases, e.g. Sodium hydroxide when the compo 
nent is sodium borohydride. In preferred fuel mixtures in 
accordance with the present invention that contain a boro 
hydride Salt, the positive cation component of the Stabilizer 
must enter into the equation when the mole ratio of positive 
ionic charge (IC) to boron is calculated as will be discussed 
below. Likewise, in order to prepare stable aqueous Solu 
tions of decaborane(14), an alkaline Stabilizer must be 
present; the metal cation component of the stablizer con 
tributes positive ionic charge ("IC) to the fuel blend. Many 
of the boron-rich hydrides (Such as the MBH, 
MBoHo, and MBHs) are stable in neutral aqueous 
Solution. 

0013 In accordance with the present invention, the cal 
culation of the mole ratio of positive ionic charge (IC) to 
boron is developed in the following manner. AS an illustra 
tion, an aqueous fuel Solution containing 35% by weight 
Sodium borohydride as the only positive ion boron hydride 
with 3% by weight sodium hydroxide added for stability has 
a j to k ratio of 1.08 determined as follows using 100 grams 
of fuel Solution as an example. In the example, all boron 
comes from the sodium borohydride, therefore the number 
of moles of boron is calculated directly from the borohy 
dride concentration in the fuel Solution as shown below. 

1 mol B 20 g NaB 1 mol NaBH 
9. H.( mol NaBH4 = 0.529 mol B 

37.83 g NaBH4 9 mo 

0014) Utilizing the same calculation, it is known that 
Sodium borohydride provides 0.925 moles of Na as well 
Since Sodium and boron exist in a 1:1 molar ratio therein. 
However, there is additional sodium ("IC) provided by the 
Sodium hydroxide Stabilizer, which can be determined in a 
manner similar to the determination of the boron contribu 
tion as shown below. 

1 mol NaOH 1 mol Na 
3 g NaOH 40.00 g NaOH J 1 mol Non) = 0.075 no Na 



US 2005/0132640 A1 

0015. Once the moles of sodium, equivalent to the posi 
tive ionic charge (IC) is known, the ratio can be calculated 
by dividing the total moles of sodium by the total number of 
moles of boron as illustrated below: 

(s mol Na+ 0.075 mol Na 
().529 mol B = 1.14 Na: B 

0016) Therefore, a solution containing 35% by weight 
sodium borohydride and 3% by weight sodium hydroxide 
would have a (“IC) to boron ratio of 1.08 which is outside 
of the maximum solubility range ratios as stated above. This 
would effectively limit the use of such concentrated fuel 
solutions in a hydrogen generator without the input of 
additional water as the reaction continues to ensure that the 
borate product would remain in Solution and not precipitate 
causing clogging of the apparatus. 
0017. The presence of higher boron hydrides in the fuel 
solution as described above would adjust the j to k ratio 
downward to the preferred ratios of this invention because 
the higher boron hydrides are rich in boron in relation to the 
metal component of the fuel mixture. As the solubility of the 
product borates from such fuels is markedly higher than with 
a conventional aqueous Sodium borohydride Solution, 
greater amounts of borohydride and, hence, greater amounts 
of hydrogen are contained in the fuel Solution due to the 
reduced risk of solidification of the borate product. A further 
advantage of the fuel mixtures of the present invention is 
that many of the boron-rich higher boron hydrides are stable 
in aqueous solution and do not require the addition of basic 
stabilizers as is the case with metal borohydrides, Such as 
sodium borohydride. An additional advantage of the Subject 
blended fuel solutions is that Some higher boron hydrides 
hydrolyze in aqueous Solution to yield Some acidic products 
which, in turn, could act to partially neutralize any metal 
hydroxide stabilizer present and produce a less basic dis 
charge stream than the metal metaborate/metal hydroxide 
mixture that results from using a fuel containing only metal 
borohydride and metal hydroxide. 
0018) An additional advantage to the novel aqueous fuel 
blends of the present invention is the fact that, even if Some 
solidification were to take place in the hydrolysis reactor as 
cooling takes place, the products are readily water Soluble. 
In contrast, the borate mixtures that are formed when the 
fuel contains only metal borohydride and hydroxide, e.g. 
sodium borohydride and hydroxide, are slow to dissolve and 
can form a crust in the catalyst chamber that is difficult to 
remove. The borate mixtures formed with use of the fuel 
mixtures of the present invention can be readily removed by 
the simple expedient of flushing the chamber and related 
apparatus with water, thereby prolonging catalyst life and 
reducing normal maintenance downtime for hydrogen gen 
eration systems. The ease of cleaning as well as the increase 
in the interval between required cleaning and maintenance 
operations of hydrogen generation systems are a distinct 
economic advantage of the fuel mixtures of the present 
invention. 

0019. The explanation for the solubility difference 
between the products formed from the fuel mixtures of the 
present invention in comparison to fuel mixtures containing 
only a metal borohydride, such as Sodium borohydride, is 
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the negative heat of Solvation typically associated with 
borates. Sodium metaborate, for example, exhibits Substan 
tial cooling of the solvent when going into Solution, thereby 
slowing the dissolution reaction. In contrast, Sodium borate 
salts having molar ratios of positive ionic charge (IC) to 
boron within the maximum Solubility ranges in accordance 
with the present invention can have positive heats of Solva 
tion and, therefore, actually facilitate the dissolution reaction 
and, thereby, the production of hydrogen, See O'Brien et al., 
“Amorphous Sodium Borate Composition” U.S. Pat. No. 
2,998,310. 

0020) The term “aqueous fuel”, as utilized herein, 
includes an aqueous liquid in which all the components are 
dissolved and/or a slurry in which Some of the components 
are dissolved and some of the components are undissolved 
solids. Hydroalcoholic mixtures are also advantageous for 
preparing the aqueous fuels of the present invention in that 
they lower the freezing point of the fuel, thereby expanding 
the operating temperature range thereof. In general, the 
higher boron hydrides tend to be both soluble and stable in 
hydroalcoholic solutions, especially when a stabilizer is 
present to raise the pH. The alcohols utilized to prepare 
hydroalcoholic Solutions are lower alkanols, particularly 
methanol and ethanol. It is contemplated herein that aqueous 
fuels prepared in the form of slurries for economy of 
handling and storage will be combined with sufficient water 
at time of use to form Solutions of the components confirm 
ing to the ratios of maximum Solubility Stated herein. 
0021. In accordance with the present invention, there are 
provided an improved method and System for generating 
hydrogen. The method comprises contacting the Subject 
improved aqueous fuel blend of boron hydrides having 
specific positive ionic charge (IC) to moles of boron ratioS 
with a catalyst for promoting the hydrolysis of the boron 
hydrides to produce hydrogen. The System provided in 
accordance with the present invention includes means for 
contacting the aqueous fuel blends of boron hydrides with 
the catalyst. Such means include means to physically sepa 
rate the catalyst from the fuel when there is no demand for 
hydrogen gas. When there is a demand for hydrogen, the 
aqueous fuel solution can be brought into contact with the 
catalyst so that the hydrolysis reaction occurs and hydrogen 
is produced. The separation of catalyst can be achieved by 
using any mechanical, chemical, electrical and/or magnetic 
method that can readily appreciated by a person skilled in 
the art. In one embodiment, different chambers are used to 
separate the catalyst from the aqueous fuel Solution. The 
aqueous fuel can be stored in a fuel reservoir, from which it 
is pumped into the catalyst chamber to contact the catalyst 
thereby generating hydrogen through the hydrolysis reaction 
illustrated in Equation (1) for metal borohydrides. In an 
alternative embodiment, the catalyst can be inserted into and 
removed from a tank containing the Subject hydride Solu 
tion. 

0022. In a further embodiment, the catalyst for the 
hydrolysis is an acid and both the fuel and the catalyst are 
in liquid form which can be pumped into the reaction 
chamber to generate hydrogen. In this embodiment, the fuel 
and the catalyst Solution must be stored in Separate contain 
ers and individually pumped into the reactor to initiate and 
maintain the hydrolysis reaction. Preferred acid catalysts are 
strong inorganic acids, particularly hydrochloric acid Sulfu 
ric acid and phosphoric acid. 
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0023 The improved fuel Solutions of the present inven 
tion may be pumped into the System either batchwise or 
continuously. Further, the catalyst chamber may comprise at 
least one conduit, through which fuel Solution can be 
directed to flow into and out of the chamber at different 
Stages of the catalysis reaction. The conduit may also 
function as output channel for discharging hydrogen gas 
generated by the hydrolysis reaction. 
0024. It is important to note that a separate chamber may 
not be necessary when insoluble metals or metals bound to, 
entrapped within, and/or coated onto a Substrate are used as 
the catalyst in reaction illustrated in Equation (1). Suitable 
Substrates for metal catalysts include, without intended 
limitation, plastics, polymers, textiles, metals, metal oxides, 
ceramics, or carbonaceous materials. In a preferred embodi 
ment, the System of the present invention includes a con 
tainment System wherein the catalyst is entrapped by physi 
cal or chemical means onto and/or within a porous or 
nonporous Substrate, including metallic meshes and fibers as 
shown in U.S. Pat. No. 6,534,033, which is incorporated by 
reference herein. In any of these embodiments, the hydrogen 
generation System may comprise only one chamber, wherein 
the Separation of the catalyst from the aqueous fuels can be 
achieved by removing the insoluble or Supported catalyst 
from the Solution thereby interrupting contact between the 
catalyst and the boron hydrides therein. Consequently, when 
hydrogen production is desired, the catalyst can Simply be 
reinserted into the aqueous fuel to catalyze reaction (1) as 
described above. 

0.025 Since the improved acqueous fuels of the present 
invention are stable in the absence of a catalyst, the gen 
eration of hydrogen in accordance with reaction (1) can be 
closely controlled by regulating the contact of boron 
hydrides therein with catalyst. The control can be achieved 
by regulating the flow of aqueous fuel to the catalyst, or by 
withdrawing the catalyst from the fuel Solution, depending 
on the actual Setup of the hydrogen generating System and 
the configuration thereof. In a System that uses a Supported 
or deposited catalyst, hydrogen production can be controlled 
by contacting with or Separating the bound catalyst from the 
boron hydride fuel Solution. For example, the catalyst metal 
can be attached to a piston or the like, which can move in and 
out of the fuel Solution in response to hydrogen demand. 
Alternatively, the Supported catalyst can be contained in a 
separate chamber and the flow of the fuel Solution into the 
chamber is controlled by valves and a Suitable regulator 
means. For a homogeneous catalyst, e.g. an acid Solution, 
the control of hydrogen generation is achieved by regulating 
the flow of either the boron hydride fuel solution, or the 
catalyst Solution, or both. Preferably, a mixing chamber is 
used wherein the two Solutions are injected or pumped into 
the chamber so that they are mixed and the hydrolysis 
reaction will occur. 

0026. In another embodiment, the acidic salts of polyhe 
dral boron hydrides, Such as hydronium Salts, wherein the 
positive ion is H, and ammonium salts, wherein the positive 
ion is NH, can be used as a combination fuel component 
and accelerant for the generation of hydrogen. Suitable 
accelerant components include HB12H12, HBoHo, 
(NH)B2H2, and (NH) BoHo. In Such a system, no 
additional catalyst System is required, though one may be 
incorporated as needed to optimize hydrogen generation 
rate. In this embodiment, an acidic polyhedral boron hydride 
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Salt (accelerant) is stored separately from a fuel mixture 
comprising one or more boron hydrides, and the Species 
combined as needed to produce hydrogen. It is preferable 
that at least one of the accelerant or fuel mixture be an 
aqueous Solutions to facilitate mixing. However, either or 
both components (the fuel blend and the accelerant) may be 
Stored as a dry powder to eliminate the need for a Stabilizer. 
In Such a case, a separate Supply of water is required for 
hydrogen generation, and the dry and liquid components are 
added in defined proportions to a mixing chamber by using 
any method known to those skilled in the art. The boron 
hydride Species, concentrations and mixing rates are chosen 
in accordance with the present invention as described above 
Such that the resultant borate Salts have the appropriate 
"IC/B ratio falling between 0.2 to 0.4 or between 0.6 to 0.99. 
For the purpose of this calculation only, the hydronium Salts 
are treated as neutral boron hydrides, e.g. H-BH is 
treated as BH in order to determine the boron contribu 
tion. When hydrogen generation is desired, the accelerant is 
metered into a reactor to mix with the boron hydride fuel 
mixture and with any necessary water. The acidic polyhedral 
boron hydride Salt thus acts as an accelerant to promote the 
hydrogen generation reaction, hydrolyzes to produce hydro 
gen, and, contributes boron atoms, and in the case of the 
ammonium Salts, positive charge, to the fuel blend. 

0027. It has been found that the hydrogen gas formed in 
the hydrolysis reaction is co-eluted with the liquid borate 
product. Consequently, in a preferred embodiment, a gas 
liquid Separator is used to Separate hydrogen gas from the 
effluent Solution. Additionally, in order to accommodate 
immediate demand for hydrogen gas, it is preferred to 
incorporate a Small buffer tank into the present System. In 
Such an embodiment, the Small buffer tank always contains 
a Supply of hydrogen gas for instantaneous demand for 
hydrogen. Once hydrogen is withdrawn from the buffer tank, 
the resulted pressure drop can trigger the System to produce 
more hydrogen gas So that a constant level of hydrogen gas 
is maintained therein. 

0028. The hydrogen gas generated by the current system 
can be directed to a fuel cell or a hydrogen-consuming 
device for direct use. In the alternative, the hydrogen gas can 
be stored in a gas reservoir or buffer tank as described above 
for future use. 

0029. The fuel blends prepared in accordance with the 
present invention are governed by two considerations. The 
first of these is the mole ratio of positive ionic charge ("IC) 
to atomic boron as discussed herein. The Second is the 
relative solubilities of the individual salts utilized to form 
the mixture. It will be appreciated that one of ordinary skill 
in the art, given the parameters of the maximum ratioS 
discussed herein and with the relative Solubilities of indi 
vidual salts, which information is readily available, would 
be able to prepare a fuel Solution that would possess a 
maximum ratio and all components would be Soluble in the 
aqueous vehicle. Such calculations are illustrated by the 
following examples which are for purposes of illustration 
and are not intended to be limiting on the Scope of the 
present invention. 
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EXAMPLE 1. 

0030 Generic Procedure for Hydrogen Generation from 
Fuel Blends 

0.031) A generic description of a hydrogen generation test 
is described, using Sodium borohydride, decaborane, Sodium 
hydroxide and water in the fuel blend as a Sample System. 
Fuel blends are made in open air. The water and Stabilizing 
Sodium hydroxide are initially mixed, decaborane is added 
thereto, followed by the proper amount of sodium borohy 
dride to deliver the desired ratio. 

0.032 To catalytically discharge the fuel blend, a Parr 
reactor resting on a hot plate is employed. The reactor 
incorporates two thermocouples that operated continuously 
during the run, one measuring the temperature of the fuel 
Solution, and the other measuring the temperature of the 
head-space near the top of the reactor. The Second thermo 
couple controls a cooling loop circulating through the reac 
tor that is activated when the Second thermocouple records 
a threshold temperature of 95 C. As a practical matter, 
however, even with the hot plate the reaction temperature 
rarely exceeds 90° C. A pressure Sensor continually mea 
Sures internal pressure. The reactor is first charged with Six 
pieces of ruthenium coated nickel catalyst, each piece 
weighing between 0.095 and 0.105 g. Approximately 10 
grams of fuel blend (the weight was known precisely for 
each run) is injected through an inlet port, and the port 
sealed. The hot plate is then turned on. When the pressure 
has ceased to increase at an appreciable rate, the hot plate is 
turned off and the reactor allowed to cool to room tempera 
ture. When the average gas temperature at the top of the 
reactor matches the average temperature of the reaction 
Solution, the data acquisition is halted, and the final pressure 
measured. The final pressure and temperature along with the 
reactor Volume can be used to calculate the molar yield of 
hydrogen gas. The molar yield is then compared to the 
expected yield from the amount and concentration of fuel to 
determine a percent yield. 

0033. Thermal decomposition is accomplished in the 
Same fashion as a catalytic discharge, but the Parr reactor 
was not charged with catalyst and only heat from the hot 
plate is responsible for hydrolysis of the blend. 

EXAMPLE 2 

0034 7.0 wt-% Hydrogen, “IC/B Ratio=0.8 
0035. The following were mixed according to the proce 
dure of Example 1 to yield 100 g of a fuel blend capable of 
delivering 7.0 weight-% H, with a sodium to boron ratio of 
0.8: Sodium borohydride 27.16 g; sodium hydroxide 3 g; 
decaborane(14) 3.34 g and water 66.5 g. Each mole of 
Sodium borohydride yields four moles of hydrogen accord 
ing to the equation (1) above 

0036 And each mole of decaborane(14) yields twenty 
two moles of hydrogen according to equation (2) 

0037. The hydrogen storage capacity of this blend is 
determined by calculating the total number of moles of H 
produced and divided by the initial weight of the blend. 
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1 mol NaB 4 mol Ho Yf 2.0158 g H 27.16 g NaBH( O H molt12 9. i)= 37.83 g NaBH4), 1 mol NaBH4 1 mol H2 

5.79 g H2 from NaBH4 

1 molBioH14 22 mol H2 (E 9. ..) 
122.21 g BioH4 1 mol BioH14) 1 mol H2 ) 

1.21 g H2 from B10H14 

3.34g BioH,- 

0038. The total hydrogen yield is 5.79+1.21=7 grams, or 
7% by weight. 

0039. The "IC: B ratio is calculated as follows: 

27.16 g NaBH, 1 mol NaBH4 1 mol B 

37.83 g NaBH4 1 mol NaBH4 

0.718 mol B from NaBH 

1 molB10H14 10 mol B )= 
3.34g BioH,- 122.21 g B10H14) 1 mol BioH14 

0.273 mol B from B10H14 

1 mol NaBH ( 1 mol Nat mol s 
37.83 g NE) 1 mol NaBH J 1 mol Nat 

0.718 mol "IC from NaBH 

27.16 g NaBH, 

1 molNaOH 1 mol Nat mol 
3.00 g NaO 

g TNa HEN 1 mol NaOH), 1 mol Nat 

0.075 mol IC from NaOH 

( + 0.075 mol IC 
- - - - J. *IC: 0.718 - 0.273 A O.800 IC: B 

0040. Therefore this blend has a Na:B mole ratio of 0.8. 

EXAMPLE 3 

0041) 6.8 wt-% Hydrogen, "IC/B Ratio=0.25 
0042. The following were mixed according to the proce 
dure of Example 1 to yield 100 g of a fuel blend capable of 
delivering 6.8 weight-% H, with a sodium to boron ratio of 
0.25: sodium triborohydride 13.74 g; sodium dodecahydro 
dodecaborate 13.74 g and water 76.09 g. Each mole of 
Sodium dodecahydrododecaborate yields twenty-five moles 
of hydrogen according to equation (3) 

0043 And each mole of sodium triborohydride yields 
nine moles of hydrogen according to equation (4) 

0044) The hydrogen storage capacity of this blend is 
determined by calculating the total number of moles of H 
produced and divided by the initial weight of the blend. 

1 molNaBH 10.17 g Na BiH, mollya25.12d 12 
187.79 g Na2B12H12 

2.0158 g H2 
( 1 mol H2 

25 mol H2 
1 mol Na2B12H12 

= 2.87 9. H2 from Na2B12H12 
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-continued 
1 molNaBHs 9 mol H 

63.48 g NaB3 His 1 mol NaBHs 

2.0158 g H2 
( 1 mol H2 

13.74 g NaBH 

= 3.93 g H2 from NaB3 His 

0045. The total hydrogen yield is 2.87+3.93=6.8 grams, 
or 6.8% by weight. The IC: B ratio can also be calculated as 
follows: 

1 molNa2B12H12 12 mol B 
10.17 g Na-BiH, 187.79 g Na2B12H12 1 mol Na2B12H12 

0.650 mol B from Na2B12H12 
3 mol B 

1 mol St.) 
0.649 mol B from (NaB), Hs 

1 molNaBHs 
13.74 g (NaB).H. 63.48 g NaB3 His 

1 molNaBH 10.17 g Na-BiH, mOITYa2s 2d2 187.79 g Na2B12H12 

( mol 'IC 
1 mol Nat 

2 mol Nat 
1 mol Na2B12H12 

= 0.108 mol 'IC from Na2B12H12 

1 molNaB3H8 1 mol Nat 1 mol 'IC 
13.74 g (NaB).H. 63.48 g NaB3 His J 1 mol NaBHs), 1 mol Nat 

0.216 mol 'IC from NaBHs 

(E + 0.216 mol"IC : -- Y . 0.650 - 0.649 A ) 0.25 IC: B 

0046) Therefore this blend has a Na: B mole ratio of 0.25. 

EXAMPLE 4 

0047 5 wt-% Hydrogen, “IC/B Ratio=0.25 
0.048. The following were mixed according to the proce 
dure of Example 1 to yield 100 g of a fuel blend capable of 
delivering 5.0 weight-% H2, having a metal cation to boron 
ratio of 0.25: potassium triborohydride 12.95 g; magnesium 
dodecahydrododecaborate 6.76 g and water 80.03 g. 
0049. Each mole of magnesium dodecahydrododecabo 
rate yields twenty-five moles of hydrogen according to 
equation (5) 

0050 Each mole of potassium triborohydride yields nine 
moles of hydrogen in accordance with equation (6) 

0051. The hydrogen storage capacity of this blend is 
determined by calculating the total number of moles of H 
produced and divided by the initial weight of the blend. 

1 molMgBH 25 mol H 6.76 g MgB.H. mol. IVIgisti 12 mol Ed2. 
166.12 g MgBH12) 1 mol MgBH12 

2.0158 g H2 
( 1 mol H2 

1 mol KB3H8 9 mol H2 9. ..) 
79.59 g KB3 His J 1 mol KB3 His 1 mol H2 ) 

= 2.05 g H2 from MgBH12 

12.95 g KB. H 
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-continued 
2.95 g H2 from KB3 His 

0.052 The total hydrogen yield is 2.05+2.95=5.0 grams, 
or 5% by weight. The IC: B ratio can also be calculated as 
follows: 

1 molMgBH 6.76 g MgB.H. mol. IVIgs 12td 12 12 mol B 

166.12 g MgB12H12 1 mol MgB12H12 

0.488 mol B from MgBH12 
1 mol KB3H8 3 mol H2 

79.59 g KBHs), 1 mol KBHs) 
0.488 mol B from KB3 Hs 

12.95 g KB.H. 

1 molMgBH 1 mol Mg?" 6.76 g MgB.H. mol. IVIgs 12td 12 mol. IVIg 
166.12 g MgB12H12) 1 mol MgB12H12 

( 2 mol IC 
1 mol Mg?" 

1 mol KB3H8 1 mol K. mol R 
79.59 g KBHs), 1 mol KBHs), 1 mol K 

0.163 mol "IC from KB. His 

= 0.081 mol"IC from MgBH12 

12.95 g KBH 

( + 0.163 mol 'IC 
- C - = 0.25 IC: 0.488 + 0.488 A 0.25 C: B 

0053) Therefore this blend has a “IC: B mole ratio of 0.25. 

Examples 5-8 

0054 By similar calculations, the following fuel blends 
were prepared according to the procedure of Example 1: 

Fuel Blend 
Example # Composition *IC B *IC/B H wt % 

5 3.92 g NaBH O.124 0.156 0.79 5.3% 
0.78 g NaOH 
0.63 g BioHa 

14.69 HO 
6 6.13 g NaBH O.182 0.227 O.8 6.4% 

0.8 g. NaOH 
0.8 g. BioHa 

17.33 HO 
7 7.26 g NaBH O.214 O.263 O.81 7.5% 

0.78 g NaOH 
0.87 g BoH 

16.54 HO 
8 3.22 g NaBH O.095 O118 O.81 8.1% 

0.47 g NaOH 
0.40 g BioHa 
6.18 HO 

EXAMPLE 9 

0.055 5.6 wt-% Hydrogen, “IC/B Ratio=0.7 
0056 To demonstrate the use of a boron hydride as an 
accelerant, Sodium borohydride (20 mg), diammonium 
decahydrodecaborate (5 mg) and water (75 mg) were mixed 
together, accompanied by immediate and vigorous hydrogen 
evolution. This mixture is equivalent to a fuel blend with an 



US 2005/0132640 A1 

+IC to boron ratio of 0.7 and capable of delivering 5.6 wt-% 
hydrogen. Each mole of sodium borohydride yields four 
moles of hydrogen according to the equation (1) 

0057 And each mole of diammonium decahydrodecabo 
rate yields twenty-one moles of hydrogen according to 
equation (7) 

0.058. The hydrogen storage capacity of this blend is 
determined by calculating the total number of moles of H 
produced and divided by the initial weight of the blend. 

1 NaB 4 H 20158 H 20 mg NaBH( O H immol ti mg i)= 
37.83 mg NaBH J 1 mmol NaBH4 1 mmol H2 

4.26 mg H2 from NaBH4 

5 N BinHo - - - - - Y Y mg (NH), BioHo. mg (NH4)2B10H10 
( 21 mmol H2 (E mg H2 = 1.40 mg H 
1 mmol (NH4)2BioHo g d2 1 mmol H2 

0059) The total hydrogen yield is 4.26+1.40=5.66 milli 
grams, or 5.6% by weight. The IC: B ratio can also be 
calculated as follows: 

( 1 mmol (NH4)2B10H10 
154.26 mg (NH4)2B10H10) = 0.324 mmol B 
( 10 mmol B 
1 mmol (NH4)2B10H10 

from (NH4)BioHo 

20 mg NaBH4 
( 1 mmol NaBH4 
37.83 mg NaBH4) = 0.529 mmol B from NaBH4 

1 mmol B 

(i. immol NEH,) 

(EEE) 154.26 mg (NH4)2B10H10 
( 2 mmol NH = 0.0648 mmol IC 
1 mmol (NH4)2B10H10 

( 1 mmol st) 
1 mmol NH 

from (NH4)2B10H10 

20 mg NaBH4 
1 mmol NaBH4 
(E mg NEH) 

1 mmol Nat = 0.529 mmol IC from NaBH4 
( immol Siri, 

1 mmol IC 
1 mmol Nat 
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-continued 

(". + 0.0648 mmol IC -- 

0.529 + 0.324 mmol B = 0.70 IC: B 

0060. Therefore this is equivalent to a fuel blend with a 
Na:B mole ratio of 0.70. 

EXAMPLE 10 

0061 7.4 wt-% Hydrogen, "IC/B Ratio=0.38 
0062 According to the procedure of Example 9, sodium 
borohydride (17g), the hydronium salt of BH' (11 g), 
sodium hydroxide (3 g), and water (70 g) were combined to 
generate hydrogen. This mixture is equivalent to a fuel blend 
with an IC to boron ratio of 0.38 and capable of delivering 
7.4 wt-% hydrogen. Each mole of sodium borohydride 
yields four moles of hydrogen according to the equation (1) 

0063 And each mole of HBH yields twenty-five 
moles of hydrogen according to equation (8) 

0064. The hydrogen storage capacity of this blend is 
determined by calculating the total number of moles of H 
produced and divided by the initial weight of the blend. 

17 g NaBH( 1 mol NaBH4 
37.83 g NaBH4 

= 3.62 g H2 from NaBH4 
( 4 mol H2 9. ..) 
1 mol NaBH 1 mol H2 

1 HBH 11 g H.B.H. mol d2312F112 
143.84 9. H2B12H12 

( 25 mol H2 YE 9. th) 
1 mol HB12H12 1 mol H2 

= 3.85 g H2 

from H2B12H12 

0065. The total hydrogen yield is 3.62+3.85=7.47 grams, 
or 7.4% by weight. The IC: B ratio can also be calculated as 
follows: 

11 g H2B12H12 
1 mol H2B12H12 

(i. 9. E) = 0.918 mol B from H2B12H12 
12 mol B (iHH.) 

17 g NaBH, 1 mol NaBH 
37.83 g NaBH4 

= 0.449 mol B from NaBH4 
1 mol B 

(i. mol Siri.) 
3 g NaOH 1 mol NaOH 
g TNa (i. 9. N) 

= 0.075 mol IC from NaOH 
1 mol Na Yf 1 mol IC 

1 mol NaOH), 1 mol Nat 
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-continued 

17 NaBH, 1 mol NaBH4 
9. 37.83 g NaBH4 

= 0.449 mol IC from NaBH ( 1 mol Nat mol 
1 mol NaBH J 1 mol Nat 

(E + 0.075 mol IC -- 

0.449+ 0.918 mol B = 0.38 IC: B 

0.066 Therefore this is equivalent to a fuel blend with a 
Na:B mole ratio of 0.38. 

What is claimed is: 
1. An acqueous fuel for a hydrogen generator comprising 

an aqueous or hydroalcoholic Solution or slurry of a mixture 
of boron hydrides including at least one boron hydride salt 
with a positive ion Selected from the group consisting of 
alkali metal, alkaline earth metal and aluminum cations, said 
mixture of boron hydrides having a positive ionic charge 
(IC) to boron ratio of between 0.2 and 0.4 or between 0.6 
and 0.99. 

2. An aqueous fuel in accordance with claim 1, wherein 
Said mixture of boron hydrides has a positive ionic charge 
(“IC) to boron ratio of between 0.2 and 0.3 or between 0.7 
and 0.8. 

3. An aqueous fuel in accordance with claim 1, wherein 
said boron hydrides are selected from the group consisting 
of borohydride salts (MBH), triborohydride salts (MBHs), 
decahydrodecaborate Salts (MBoHo), tridecahydrode 
caborate Salts (MBoH), dodecahydrododecaborate Salts 
(MBH), octadecahydroicosaborate Salts (MBHs), 
and decaborane(14) (BoH), wherein M is selected from 
the group consisting of alkali metal, alkaline earth metal and 
aluminum cations. 

4. An aqueous fuel in accordance with claim 1, wherein 
Said mixture contains a borohydride Salt with a positive ion 
Selected from the group consisting of Sodium, lithium and 
potassium cations. 

5. An aqueous fuel in accordance with claim 4, wherein 
Said mixture additionally contains a Stabilizer for Said boro 
hydride Salt in aqueous media, Said Stabilizer comprising a 
hydroxide Selected from the group consisting of the hydrox 
ides of Sodium, lithium and potassium. 

6. An aqueous fuel in accordance with claim 5, wherein 
said borohydride salt is sodium borohydride and said stabi 
lizer is Sodium hydroxide. 

7. An aqueous fuel in accordance with claim 3, wherein 
Said boron hydride mixture comprises a borohydride Salt and 
decaborane, Said fuel also containing a Stabilizer for Said 
borohydride Salt in aqueous media, Said Stabilizer compris 
ing a hydroxide Selected from the group consisting of the 
hydroxides of Sodium, lithium and potassium. 

8. An aqueous fuel in accordance with claim 7, wherein 
said boron hydride mixture comprises sodium borohydride 
and decaborane, and Said Stabilizer is Sodium hydroxide. 

9. An aqueous fuel in accordance with claim 3, wherein 
said boron hydride mixture comprises a triborohydride salt 
and a dodecahydrododecaborate Salt. 

10. An aqueous fuel in accordance with claim 9, wherein 
said triborohydride salt is potassium triborohydride and said 
dodecahydrododecaborate Salt is magnesium dodecahydro 
dodecaborate. 

Jun. 23, 2005 

11. An aqueous fuel in accordance with claim 3, wherein 
Said boron hydride mixture comprises a borohydride Salt and 
a dodecahydrododecaborate Salt, Said fuel also containing a 
Stabilizer for Said borohydride Salt in aqueous media, Said 
Stabilizer comprising a hydroxide Selected from the group 
consisting of the hydroxides of Sodium, lithium and potas 
sium. 

12. An aqueous fuel in accordance with claim 11, wherein 
said boron hydride salt is sodium borohydride, said 
dodecahydrododecaborate Salt is Sodium dodecahydrodode 
caborate, and Said Stabilizer is Sodium hydroxide. 

13. An aqueous fuel in accordance with claim 3, wherein 
said boron hydride mixture is a borohydride salt and a 
triborohydride Salt, Said fuel also containing a Stabilizer for 
Said borohydride Salt in aqueous media, Said Stabilizer 
comprising a hydroxide Selected from the group consisting 
of the hydroxides of Sodium, lithium and potassium. 

14. An aqueous fuel in accordance with claim 13, wherein 
said borohydride salt is sodium borohydride, said triboro 
hydride salt is sodium triborohydride, and said stabilizer is 
Sodium hydroxide. 

15. A method of generating hydrogen gas comprising 
contacting an aqueous fuel comprising an aqueous or 
hydroalcoholic solution or slurry of a mixture of boron 
hydrides including at least one boron hydride Salt with a 
positive ion Selected from the group consisting of alkali 
metal, alkaline earth metal, and aluminum cations, Said 
mixture of boron hydrides having a positive ionic charge 
("IC) to boron ratio of between 0.2 and 0.4 or between 0.6 
and 0.99 with a hydrogen generating catalyst Selected from 
the group consisting of acids and transition metals. 

16. A method of generating hydrogen gas in accordance 
with claim 15, wherein said mixture of boron hydrides has 
a positive ionic charge ("IC) to boron ratio of between 0.2 
and 0.3 or between 0.7 and 0.8. 

17. A method of generating hydrogen gas in accordance 
with claim 15, wherein said boron hydrides are selected 
from the group consisting of borohydride salts (MBH), 
triborohydride salts (MBHs), decahydrodecaborate salts 
(MBoHo), tridecahydrodecaborate Salts (MBHs), 
dodecahydrododecaborate Salts (MBH), octadecahyd 
roicosaborate salts (MBHs), and decaborane(14) 
(BoH), wherein M is selected from the group consisting 
of alkali metal, alkaline earth metal and aluminum cations. 

18. A method of generating hydrogen gas in accordance 
with claim 15, wherein said mixture contains a borohydride 
Salt wherein M is Selected from the group consisting of 
Sodium, lithium and potassium. 

19. A method of generating hydrogen gas in accordance 
with claim 18, wherein Said mixture additionally contains a 
Stabilizer for Said borohydride Salt in aqueous media, Said 
Stabilizer comprising a hydroxide of Sodium, lithium and 
potassium. 

20. A method of generating hydrogen gas in accordance 
with claim 15, wherein the catalyst is an acid Selected from 
the group consisting of hydrochloric acid, Sulfuric acid, and 
phosphoric acid. 

21. A method of generating hydrogen gas in accordance 
with claim 1, wherein the catalyst comprises one or more 
transition metals Selected from the metal families of nickel, 
cobalt and iron. 

22. A method of generating hydrogen gas in accordance 
with claim 21, wherein the catalyst is ruthenium, cobalt or 
mixtures thereof. 
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23. A hydrogen generation System, comprising 
(a) an aqueous fuel comprising an aqueous or hydroalco 

holic solution or slurry of a mixture of boron hydrides 
including at least one boron hydride Salt with a positive 
ion Selected from the group consisting of alkali metal, 
alkaline earth metal and aluminum cations, Said mix 
ture of boron hydrides having a positive ionic charge 
("IC) to boron ratio of between 0.2 and 0.4 or between 
0.6 and 0.99; 

(b) a hydrogen generating catalyst Selected from the group 
consisting of acids and transition metals, and 

(c) means to contact the aqueous fuel with the catalyst 
thereby generating hydrogen. 

24. A method of generating hydrogen gas in accordance 
with claim 23, wherein said mixture of boron hydrides has 
a positive ionic charge ("IC) to boron ratio of between 0.2 
and 0.3 or between 0.7 and 0.8. 

25. A hydrogen generation System in accordance with 
claim 23, wherein said boron hydrides are selected from the 
group consisting of borohydride salts (MBH), triborohy 
dride salts (MBHs), decahydrodecaborate salts 
(MBoHo), tridecahydrodecaborate Salts (MBoH), 
dodecahydrododecaborate Salts (MBH), octadecahyd 
roicosaborate salts (MBHs), and decaborane(14) 
(BoH), wherein M is selected from the group consisting 
of alkali metal, alkaline earth metal and aluminum cations. 

26. A hydrogen generation System in accordance with 
claim 23, wherein said mixture contains a borohydride Salt 
with a positive ion Selected from the group consisting of 
Sodium, lithium and potassium cations. 

27. A hydrogen generation System in accordance with 
claim 23, wherein the hydrogen generating catalyst is an 
acid Selected from the group consisting of hydrochloric acid, 
Sulfuric acid, and phosphoric acid, and Said acid and the 
aqueous fuel are Stored in Separate containers. 

28. A hydrogen generation System in accordance with 
claim 23, wherein the hydrogen generating catalyst com 
prises a Substrate having molecules of a transition metal 
bound thereto, entrapped within, and/or coated thereon and 
Said means to contact comprises a containment System for 
Said catalyst whereby the catalyst can be moved into and out 
of contact with the aqueous fuel. 

29. A hydrogen generation System in accordance with 
claim 23, additionally containing a gas-liquid Separator to 
Separate hydrogen from the effluent thereof. 

30. A hydrogen generation System in accordance with 
claim 23, wherein at least a portion of the water in Said 
aqueous fuel is obtained from the reaction product of a 
hydrogen-consuming device, Said device being operably 
connected with Said System. 
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31. A hydrogen generation System in accordance with 
claim 30, wherein the hydrogen-consuming device is 
Selected from the group consisting of a fuel cell, a combus 
tion engine, a gas turbine, and combinations thereof. 

32. A hydrogen generation System, comprising 

(a) a fuel blend including at least one boron hydride Salt 
with a positive ion Selected from the group consisting 
of alkali metal, alkaline earth metal, and aluminum 
cations; 

(b) an accelerant comprising an acidic polyhedral boron 
hydride Salts Selected from the group consisting of the 
hydronium and ammonium Salts of polyhedral boron 
hydrides, wherein said mixture of boron hydrides and 
accelerant has a positive ionic charge (IC) to boron 
ratio of between 0.2 and 0.4 or between 0.6 and 0.99; 
and 

(c) means to contact the fuel blend and water with the 
accelerant thereby generating hydrogen. 

33. A method of generating hydrogen gas in accordance 
with claim 32, wherein said mixture of boron hydrides and 
accelerant has a positive ionic charge (IC) to boron ratio of 
between 0.2 and 0.3 or between 0.7 and 0.8. 

34. A hydrogen generation System in accordance with 
claim 35, wherein said boron hydrides are selected from the 
group consisting of borohydride salts (MBH), triborohy 
dride salts (MBHs), decahydrodecaborate salts 
(MBoHo), tridecahydrodecaborate Salts (MBoH), 
dodecahydrododecaborate Salts (MBH), octadecahyd 
roicosaborate salts (MBHs), and decaborane(14) 
(BoH), wherein M is selected from the group consisting 
of alkali metal, alkaline earth metal and aluminum cations. 

35. A hydrogen generation System in accordance with 
claim 32, wherein Said accelerant is HB12H12. 

36. A hydrogen generation System in accordance with 
claim 32, wherein said accelerant is (NH) BoHo. 

37. A hydrogen generation System in accordance with 
claim 32, wherein Said mixture contains a borohydride Salt 
wherein the positive ion is Selected from the group consist 
ing of Sodium, lithium and potassium. 

38. A hydrogen generation System in accordance with 
claim 32, wherein at least a portion of the water is obtained 
from the reaction product of a hydrogen-consuming device, 
Said device being operably connected with Said System. 

39. A hydrogen generation System in accordance with 
claim 38, wherein the hydrogen-consuming device is 
Selected from the group consisting of a fuel cell, a combus 
tion engine, a gas turbine, and combinations thereof. 

k k k k k 


