
Mult -metal-nitrogen Compounds for use in Hydrogen
Storage Materials Technical FLeId The present
invention generally relates to compounds for use in
hydrogen storage materials. Background Hydrogen-based
energy is one of the cleanest of the currently known
energy sources, and it will undoubtedly play a part in
the energy supply of this century. Heavy environmental
pollution due to combustion of fossil fuel and
depletion of non-renewable energy sources emerge as
two serious problems . Hydrogen-based energy sources
are considered to be the most promising candidates
forr solving these problems, as this kind of energy
can repLace fossil fuel in most applications. The
biggest challenge in on -board hydrogen utilisation
(i. e . as fuel for veliicle, portable computer,
phone, etc.) is the low hydrogen storage capacity that
existing systems possess. Development of hydrogen
storage media is of great importance . Currently,
there are four systems for hydrogen storage [1,2] :
Liquid hydrogen, Compressed hydrogen gas, Cryo-
adsorption systems, and Metal hydride systems.
Applications of hydrogen in pure form (liquid hydrogen
or compressed hydrogen cjas) are mostly utilised for
large-scale or stationary purposes , since the weight
of containers for hydrogen is normally too prohibitive
for uses where hydrogen is used in limited scope. For
vehicular or any other portable applications, hydrogen
stored in solid-state materials seems to be the
bestsolution. Thus, cryo -adsorption systems and metal
hydride systems are the two most promising systems .
The cryo-adsorption systems show advantages in 



moderate weight and volume. In this system, hydrogen
molecules are physically bound to the surface of
activated carbon at liquid nitrogen temperature. Under
optimised conditions, the hydrogen storage capacity of
activated carbon may reach 7 wt% based on the weight
of activated carbon. The disadvantages of this system
relate to the critical conditions required (i.e.
cryogenic conditions). Metal hydrides have been
proposed as systems for hydrogen storage. Hydrogen is
chemisorbed by metal or metal alloys with
corresponding formation of metal hydrides . Two
categories of metal alloys have been extensively
explored: I) AB type, and ii) A B type. LaNi is a good
example of the first category. One molecule of LaNi
can absorb about 6 hydrogen atoms at ambient
temperature and high pressures to form LaNi H .
Subsequent discharge of hydrogen can be achieved by
reducing the hydrogen pressure. In this system, the
hydrogen storage capacity is less than 1.5 wt%. The
advantages of this type of metal alloy lie in the
quick kinetics of hydrogen charge/discharge and the
very good density of the materials, but the hydrogen
storage capacity is unacceptable. Mg Ni illustrates
the A B type of metal alloy. This kind of metal alloy
can store more than 4 wt% of hydrogen, but suffers
from higher operating temperature (above 300 C for
desorption, with an equilibrium hydrogen pressure of
up to 100 kPa (1.0 bar), slow hydrogen charge and
discharge kinetics and relatively low density. More
recently, much effort has been made on material
engineering of these metal alloys [3, 4], but no
significant improvement has been made. Furthermore,
the high cost of the metal alloys is another drawback.
2Additionally, although some compounds are known to 



absorb hydrogen at relatively low temperatures and
pressures, the subsequent desorption of hydrogen may
be relatively low under such conditions. This means
that the compounds have low reverse absorption
capacity which either makes them unsuitable or
inefficient for use as hydrogen storage materials.
There is a need to provide compounds for use in
hydrogen storage materials that overcome, or at least
ameliorate, one or more of the disadvantages described
above . There is a need to provide compounds for use
in hydrogen storage materials are capable of
reversibly absorbing hydrogen at relatively low
temperatures and pressures. There is a need to provide
compounds for use in hydrogen storage materials that
provide improved capacity for reversibly absorbing
hydrogen. Summary A first aspect of the invention
provides a multi - metal-nitrogen compound for use in
hydrogen storage materials, the compound comprising at
least two dissimilar metal atoms and a nitrogen atom,
the multi-metal-nitrogen compound being capable of
absorbing hydrogen at an absorption temperature and
pressure, and of desorbing 60% or more by weight of
said absorbed hydrogen at a desorption temperature and
pressure. A second aspect of the invention provides a
multi - metal-nitrogen compound for use in hydrogen
storage materials, the compound comprising at least
two dissimilar metal atoms and a nitrogen atom, the
multi-metal-nitrogen compound being capable of
absorbing hydrogen in the range of about 1% to about
12% by weight at a temperature of 



3220 or less, and of desorbing 60% or more by weight
of said absorbed hydrogen at a temperature of 220C or
less. A third aspect of the invention provides a
hydrogen reservoir containing a multi-metal-nitrogen
compound comprising at least two dissimilar metal
atoms and a nitrogen atom, the multi-metal -nitrogen
compound being capable of, at a temperature of 220 C
or less, absorbing hydrogen at an absorption pressure,
and of desorbing 60% or more by weight of said
absorbed hydrogen at a desorption pressure. A fourth
aspect of the invention provides a bimetal - nitrogen
compound for use in hydrogen storage materials, the
compound comprising two dissimilar metal atoms
selected from the group consisting of aluminium,
calcium, lithium, magnesium, and sodium, and mixtures
thereof, and a nitrogen atom, the bimetal-nitrogen
compound being capable of, at a temperature of 200 C
or less, absorbing hydrogen at an absorption pressure,
and of desorbing 60% or more by weight of said
absorbed hydrogen at a desorption pressure. A fifth
aspect of the invention provides a process for reverse
adsorbing hydrogen comprising: providing a
multi-metal-nitrogen compound comprising at least two
dissimilar metal atoms and a nitrogen atom, the
multi-metal-nitrogen compound being capable of
absorbing hydrogen at an absorption temperature and
pressure, and of desorbing 60% or more by weight of
said absorbed hydrogen at a desorption temperature and
pressure; contacting the multi-metal-nitrogen compound
with hydrogen at the absorption temperature and
pressure; and releasing hydrogen from the
multi-metal-nitrogen 



compound at the desorption temperature and pressure .A
sixth aspect of the invention provides a process for
making a multi-metal-nitrogen compound for use in a
multi-metal-nitrogen compound for use in hydrogen
storage materials, the compound comprising the step of
heating a mixture of a metal hydride and a metal
nitride, the metal hydride comprising at least one
metal, the metal-nitrogen compound comprising at least
one metal that is dissimilar to said at least one
metal of said metal hydride, at a temperature and a
pressure to form the multi-metal - nitrogen compound,
the dissimilar metals being selected such that the
multi-metal-nitrogen compound is capable of absorbing
hydrogen at an absorption temperature and pressure,
and of desorbing 60% or more by weight of said
absorbed hydrogen at a desorption temperature and
pressure. A seventh aspect of the invention provides a
use of a mutli-metal-nitrogen compound for storing
hydrogen, the mutli-metal-nitrogen compound comprising
at least two dissimilar metal atoms and a nitrogen
atom, the multi - metal-nitrogen compound being
capable of absorbing hydrogen at an absorption
temperature and pressure, and of desorbing 70% or more
by weight of said absorbed hydrogen at a desorption
temperature and pressure. Definitions The following
words and terms used herein shall have the meaning
indicated: The term "compound" and grammatical
variations thereof is given a broad meaning, such as
the result formed by a union of elements or parts
especially, but not exclusively, a distinct substance
formed by chemical union of two or more ingredients in
definite proportion by weight. The term compound may
also refer to an admixture 



of a metal hydride and a metal-nitrogen-based compound
5that can lead to physical mixtures of new compounds,
both of which are effective for the absorption and
desorption of hydrogen. The terms "multi-metal",
"multi-metal compound" and grammatical variations
thereof, means, unless otherwise qualified to the
contrary, a compound formed of two or more dissimilar
metal atoms. The term 'multi-metal-nitrogen compound'
and grammatical variations thereof, means a compound
that includes at least two dissimilar metal atoms and
at least one nitrogen atom. The at least two metal
atoms and the nitrogen atom may, or may not be, bonded
to each other or to atoms of other elements . The term
metal-nitrogen compound' and grammatical variations
thereof, means a compound that includes a metal atom
and at least one nitrogen atom. The metal atom and the
nitrogen atom may, or may not be, bonded to each other
or to atoms of other elements . The terms "absorb"
"absorption", "absorbed" is not necessarily used in
the strict scientific sense, as hydrogen may be held
by absorption, in a strict sense, by adsorption, in a
strict sense, by chemisorption, in a strict sense, or
by the combination of two or three of these
mechanisms. The terms "reversibly absorb", "reversibly
absorbing" , "reverse absorption" , and grammatical
variations thereof, means a quantity of hydrogen that
is absorbed by the multi-metal-nitrogen compound at an
absorption temperature and pressure which subsequently
undergoes desorption from the multi-metal-nitrogen
compound at a desorption temperature and pressure . 



The term "sorbent" refers to a material or compound
capable of exhibiting absorption or adsorption of
hydrogen gas . 6As used herein the term "comprising"
means "including principally, but not necessarily
solely" . Variations of the word "comprising", such as
"comprise" and "comprises", have correspondingly
varied meanings . As used herein, the term "about", in
the context of concentrations of components of the
formulations, typically means +/- 5% of the stated
value, more typically +/- 4% of the stated value, more
typically +/- 3% of the stated value, more typically,
+/- 2% of the stated value, even more typically +/- 1%
of the stated value, and even more typically +/- 0.5%
of the stated value. Throughout this disclosure,
certain embodiments may be disclosed in a range
format. It should be understood that the description
in range format is merely for convenience and brevity
and should not be construed as an inflexible
limitation on the scope of the disclosed ranges.
Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of
a range such as from 1 to 6 should be considered to
have specifically disclosed sub-ranges such as from 1
to , from 1 to , from 1 to 5, from 2 to 4 , from 2 to
6, from 3 to 6 etc., as well as individual numbers
within that range, for example, 1, 2, 3, 4 , 5, and 6
. This applies regardless of the breadth of the range
. Disclosure of Embodiments Exemplary, non-limiting
embodiments of multi-metal - nitrogen compounds for
use in hydrogen storage materials 



or a hydrogen reservoir, will now be disclosed.
Surprisingly, multi-metal-nitrogen compounds disclosed
herein exhibit remarkable hydrogen storage capacity at
lower temperatures and/or pressures than known
7compounds and can therefore be used as hydrogen
storage materials. This non-cryogenic hydrogen storage
is reversible, so the multi-metal-nitrogen compounds
can be used in materials for hydrogen storage.
Advantageously, the disclosed multi-metal-nitrogen
compounds are capable of desorbing 60% or more of
absorbed hydrogen. Of the factors that govern the
suitable conditions for absorption and desorption,
temperature and hydrogen pressure are important. In
the disclose compounds, at lower temperatures,
hydrogen absorption and desorption can be efficiently
carried out under lower hydrogen pressure. At higher
temperatures, the overall pressure for hydrogen
absorption and desorption will increase. In either
case, most of the hydrogen can be desorbed (released)
from the material when a vacuum is applied. In a
disclosed method to absorb hydrogen, the material
comprising the multi-metal-nitrogen compounds may be
exposed to a hydrogen-containing atmosphere, which may
be free of contaminants, particularly oxygen. In one
embodiment, the multi-metal-nitrogen compound may be a
bimetal compound. In another embodiment, the bimetal
compound may have two metals selected from the group
consisting of Group IA, Group HA, Group IHB, Group IVA
and Group VIII of the Periodic Table of elements, and
mixtures thereof, the two metals being selected such
that, at a temperature of 200 or less, the bimetal
compound is capable of absorbing hydrogen at an
absorption pressure, and of desorbing at least 70% of
said absorbed hydrogen at 



a desorption pressure. In another embodiment, the two
metals may be selected from the group consisting of
aluminium (Al), calcium (Ca), lithium (Li), magnesium
(Mg), and sodium (Na). In one embodiment, there is
provided a bimetal - nitrogen compound for use in
hydrogen storage materials,the compound comprising a
nitrogen atom and a pair of metal atoms selected from
the group consisting of lithium (Li)-aluminium (Al),
lithium (Li)-magnesium (Mg), lithium (Li)-calcium
(Ca), magnesium (Mg)-calcium (Ca), magnesium
(Mg)-sodium (Na), magnesium (Mg)- aluminium(Al), and
mixtures thereof, the bimetal-nitrogen compound being
capable of, at a temperature of 220 C or less,
absorbing hydrogen at an absorption pressure, and of
desorbing 60% or more by weight of said absorbed
hydrogen at a desorption pressure. The nitrogen atom
may be bonded to one or two hydrogen atoms . In one
embodiment, one of the metals is bonded to a hydrogen
atom while the other metal is bonded to the nitrogen
atom. In one embodiment, the absorption temperature
and the desorption temperature may be in the range
selected from the group consisting of: about -100 C to
about 220 C; - 75C to about 190 C; -50C to about 190 C
; about -25C to about 200 C ; about 0C to about 200C;
about -25C to about 180C; about 0 C to about 180C;
about 20 C to about 180C; about 30 C to about 180C;
about 40 C to about 180 C ; about 50 C to about 180 C
; about 6 C to about 180 C ; about 70 C to about 180 C
; about 80 C to about 180 C ; about 90 C to about 180
C; about 100C to about 180C; about 40 C to about 170
C; about 40C to about 160 C; about 40 C to about 150C;
about 40 C to about 



140 C; about 40C to about 130C; about 40 C to about
120 C ; about 50 C to about 120C; about 50 C to about
110 C ; about 50C to about 100C; about 60 C to about
120C; about 60 C to about 110 C ; and about 6 C to
about 90 C . In one embodiment, the absorption
pressure may be in the range selected from the group
consisting of: about 91 KPa to about 30 MPa; about 100
KPa to about 20 MPa; about 500 KPa to about 15 MPa;
about 750 KPa to about 15 MPa; about IMPa to about 15
MPa; about IMPa to about 12 MPa; about IMPa to about
10 MPa; 2MPa to about 8 MPa; and 3MPa to about 7 MPa.
In one embodiment, the desorption pressure may be in
the range selected from the group consisting of: about
0.1 KPa to about 10 MPa; about 1 KPa to about 10 MPa;
about 10 KPa to about 10 MPa; about 10 KPa to about 1
MPa; about 10 KPa to about 500 KPa; about 10 KPa to
about 250 KPa; and about KPato about 100 KPa. In one
embodiment, the quantity of hydrogen that is capable
of being reversibly absorbed by the multi-metal -
nitrogen compound, by weight percentage, may be 65% or
more, or 70% or more, or 75% or more, or 80% or more,
or 85% or more, or 90% or more. In one embodiment, the
quantity of hydrogen that is capable of being
reversibly absorbed by the multi-metal-nitrogen
compound, by weight percentage, may be within the
range selected from the group consisting of: about 60%
to about 99%; about 65% to about 99%; about 70% to
about 99%; about 75% to about 99%; about 80% to about
98%; about 85% to about 98%; and about 90% to about
95%. In one embodiment, the total quantity of hydrogen
that is capable of being absorbed by the multi-metal -



nitrogen compound, by weight percentage, may be within
the range selected from the group consisting of: about
1% to about 12%; about 1% to about 11%; about 1% to
about 10%; about 1% to about 9%; about 1% to about 8%;
about 1% to about 7%; about 1% to about 6%; about 1%
to about 5%; about 1% to about 4%; about 1% to about
3%; about 1% to about 2%; about 2% to about 12%; about
3% to about 12%; about 4% to about 12%; about 5% to
about 12%; about 6% to about 12%; about 7% to about
12%; about 8% to about 12%; 10about 9% to about 12%;
about 10% to about 12%; and about 11% to about 12%. A
mass of the tnulti-metal-nitrogen compounds may used
as a sorbent of hydrogen. Desorption may be assisted
by passage over the sorbent of a stream of an inert
gas, for example argon. The multi-metal-nitrogen
compound may be a multi - metal nitride, multi-metal
hydride -nitride, multi-metal imide, multi-metal
hydride-imide or multi-metal amide. The hydrogen
storage material may comprise a mixture of multi -
metal nitride, multi-metal imide, and multi -metal
amide compounds. The multi-metal hydride-nitride may
be binary, ternary or higher metal hydride -nit rides.
The multi-metal hydride-imide may be binary, ternary
or multinary metal hydride-imide. The multi-metal
nitrides may be binary, ternary or higher metal
nitrides. The multi-metal imides may be binary,
ternary or multinary metal imides. The multi-metal
amides may be binary, ternary or multinary metal
amides . In one embodiment, a bimetal may be provided
that comprises lithium and another metal selected from
the group consisting of aluminium, calcium and
magnesium. n one embodiment, the bimetal-nitrogen
compound may be a 



lithium-aluminium nitride, lithium-aluminium imide,
lithium-aluminium amide, lithium hydride-aluminium
nitride, lithium hydride-aluminium imide, lithium
hydridealuminium amide and mixtures thereof. The
bimetal-nitrogen compounds of the hydrogen reservoir,
may have an overall composition represented by the
general formula: Li A lgNH where 0 < X < 3 , 0 < Y < l
and N > |3-X -3Y| . In one embodiment, the bimetal
compound of formula LicAlyNH be capable of absorbing
hydrogen at a temperature at or lower than 22 C . 11In
one embodiment, the bimetal-nitrogen compound may be a
lithium-magnesium nitride, lithium-magnesium imide,
lithium-magnesium amide, lithium-calcium nitride,
lithiumcalcium imide, lithium- calcium amide, lithium
hydride - magnesium nitride, lithium hydride-magnesium
imide, lithium hydride-magnesium amide, lithium
hydride-calcium nitride, lithium hydride-calcium
imide, lithium hydridecalcium amide and mixtures
thereof. The bimetal-nitrogen compounds of the
hydrogen reservoir, may have an overall composition
represented by the general formula: Li Mg H or Li Ca
NH where 0 < X < 3, 0 < Y < 1.5 and N  | 3- X- 2Y| .
In one embodiment, the bimetal compound of formula Li
Mg NH may be capable of absorbing hydrogen at a
temperature at or lower than 220C. The
bimetal-nitrogen compound of formula Li Mg NH may be
capable of absorbing about 0.5% wt to about 7.5% wt
hydrogen at a temperature in the range of about 100 C
to about 220 C . The bimetal - nitrogen compound of
formula Li Mg NH may be capable of 



reversibly absorbing about 80% to 95% by weight
hydrogen. In one embodiment, the bimetal compound of
formula LicCa NH may be capable of absorbing hydrogen
at a temperature at or lower than 200C. The bimetal
compound of formula Li Ca NH may be capable of
absorbing about 0.5% wt to about 4% wt hydrogen at a
temperature in the range of about 25 C to about 150 C
. The bimetal-nitrogen compound of formula Li Ca NH
may be capable of reversibly absorbing about 80% to
95% by weight hydrogen. In one embodiment, the
multi-metal-nitrogen compound may comprise magnesium
and another metal selected from the group consisting
of aluminium, calcium and sodium. 12In one embodiment,
the multi-metal-nitrogen compound may be a
bimetal-nitrogen selected form the group consisting of
magnesium-calcium nitride, magnesium-calcium imide,
magnesium-calcium amide, magnesium hydride-calcium
nitride, magnesium hydride-calcium imide, magnesium
hydride-calcium amide, and mixtures thereof. The
bimetal - nitrogen compounds of the hydrogen
reservoir, may have an overall composition represented
by the general formula: g Ca NH where 0< X <1.5, 0< Y
< 1.5, and N > | 3-2x-2y|. In one embodiment, the
bimetal -nitrogen compound of formula g Ca may be
capable of absorbing hydrogen at a temperature at or
lower than 200 C . The bimetal compound of formula Mg
Ca H may be capable of absorbing about 0.5% wt to
about 4% wt hydrogen at a temperature in the range of
about 2 C to about 180 C . The bimetal-nitrogen
compound of formula g Ca NH may be capable of
reversibly absorbing about 70% to 85% by weight
hydrogen. In one embodiment, the bimetal -nitrogen
compound may be a magnesium-sodium nitride,
magnesium-sodium imide, 



magnesium-sodium amide, magnesium hydride-sodium
nitride, magnesium hydride-sodium imide, magnesium
hydride-sodium amide and mixtures thereof. The
bimetal-nitrogen compounds of the hydrogen reservoir,
may have an overall composition represented by the
general formula: g a NH where 0< X <1.5, 0< Y < 1.5,
and N > | 3-2x-2y|. In one embodiment, the
bimetal-nitrogen compound of formula Mg Na NH may be
capable of absorbing hydrogen at a temperature at or
lower than 200 C . The bimetal compound of formula Mg
Na NH may be capable of absorbing about 0.5% wt to
about 4% wt hydrogen at a temperature in the range of
about 25 C to about 180C. The bimetal-nitrogen
13compound of formula Mg a NH may be capable of
reversibly absorbing about 85% to 97% by weight
hydrogen. In one embodiment, the bimetal-nitrogen
compound may be a magnesium-aluminium nitride,
magnesium-aluminium imide, magnesium-aluminium amide,
magnesium hydridealuminium nitride, magnesium
hydride-aluminium imide, magnesium hydride-aluminium
amide and mixtures thereof. The bimetal-nitrogen
compounds of the hydrogen storage material, may have
an overall composition represented by the general
formula: Mg A l NH where 0< X <1.5, 0< Y < 1.5, and N
> | 3-2x-2y . A mass of the multi-metal-nitrogen
compounds may be provided to form a sorbent for
absorbing hydrogen. The sorbent may be in the form of
a powder and may have a mean particle size in the
range selected from the group consisting of: . mm to
lOOO m , 0.5mm to 500mm , lmm to 250mm , lmm to 150mm
and mm to lOOm . Brief Description of Drawings 



The accompanying drawings illustrate disclosed
embodiments and serve to explain the principles of the
disclosed embodiments. It is to be understood,
however, that the drawings are designed for purposes
of illustration only, and not as a definition of the
limits of the invention. Fig. 1 displays data showing
the amount of hydrogen absorbed with temperature by
two sorbents comprised of multi-metal-nitrogen
compounds respectively having an overall formula of
LiMg . (open circles) and Li CaN H (black squares) .
The axis represents the molar ratio of H to the
sorbent at a pressure of 4000 kPa (40 bars) of
14hydrogen and the X axis represents temperature in
degrees centigrade. Fig. A displays
Pressure-Composition-Isotherms (PCI) of data showing
the amount of absorption and subsequent desorption of
hydrogen with pressure . The sorbent having an overall
formula of LiMg .NH (open squares) was at a
temperature of 180 C . The sorbent having an overall
formula of LiCa0-5 NH (black circles) was at a
temperature of 220 C . The Y axis represents pressure
in bar and the X axis represents the ratio of absorbed
H to sorbent. Fig. 2 describes
Temperature-Programmed-Desorption (TPD) of sorbents
having the following overall formula:(a) Hydrogenated
LiMg NH ; (b) hydrogenated LiMg0-5NH; and (c)
hydrogenated LiCa0-5NH. Absorption conditions:
Hydrogen pressure 10 MPa (100 bar) time 1 hour. The
desorption was detected by heating the above samples
in a gas stream of purified Ar. A Mass Spectrometer
was used to detect the effluent gases. Fig. 3 shows
pressure-composition-temperature (P-C-T) profiles of a
sorbent having the overall formula Li Mg0-5NH 



at temperatures of: (a) 180 C (closed squares) and (b)
200 C (closed circles) . The X-axis represents wt% of
H absorbed in the sample and the Y-axis is pressure.
Fig. 4 displays the amount of hydrogen absorbed by a
sample having an overall composition Mg0-5Na0-5 NH
with temperature. The Y axis represents the molar
ratio of H to the sorbent at a pressure of 200 MPa (20
bars) of hydrogen. The X axis represents temperature
in degrees centigrade . Fig. 5 describes
Temperature-Programmed-Desorption (TPD) of (a)
Hydrogenated Mg0-5Na NH0-5 complex; (b) hydrogenated
Mg0-5Ca0-5NH; and (c) hydrogenated Mg0-5A l0-5 NH0-5 .
Absorption conditions: Hydrogen pressure 10 15MPa (100
bar) , time 1 hour. The desorption was detected by
heating the above samples in a gas stream of purified
Ar. A Mass Spectrometer was used to detect the
effluent gases. Fig. 6 shows P-C-I profiles of a Mg .
NaNH sample at temperatures of: (a) 160 C , (b) 180 C
and (c) 200 C . X axis represents molar ratio of
absorbed H to Mg . NaNH , Y is pressure . Detailed
Description of disclosed embodiments Preparation of
metal nitrides Nitrides can be synthesised by direct
reaction between a metal and nitrogen gas [5]. Any two
or more metals that will combine with a
nitrogen-containing moiety to form a compound that
will reversibly absorb at least 70% hydrogen can be
used. At least two dissimilar metals are selected from
an alkali metal (e.g. lithium (Li) or sodium (Na)), an
alkaline earth metal (e.g. magnesium (Mg) or calcium
(Ca)), a Group IHb metal (e.g. aluminum (Al)), or a
Group VIII metal. Preparation of bimetal nitrides 



Ball-Milling A bimetal-nitrogen compound is made by
ball milling a mixture of a metal hydride and a metal
nitride, metal imide or a metal amide. The metal of
the metal nitride, metal imide or metal amide being
different from the metal of the metal hydride. The
mixture that has been subjected to ball milling is
then heated either under vacuum or in the presence of
an inert gas at temperatures ranging from 25C to 1500
C , under gas pressure of from IkPa (0.1 bar) to 50
MPa (500 bar) until no gas evolves from the mixture.
Calcination 16In an alternative method of preparing
bimetal - nitrogen compounds, a mixture of two
dissimilar metals, or of their compounds, are calcined
under a nitrogen atmosphere at temperatures ranging
from room temperature to 1500 C , under gas pressure
of from IkPa (0.1 bar) to 50 MPa (500 bar) .
Calcination can also be carried out by heating a
mixture of a metal, or of its compounds, and a metal
nitride, metal imide or metal amide under an inert gas
or nitrogen atmosphere at temperatures ranging from
room temperature to 1500 C , under gas pressure of
from IkPa (0.1 bar) to 50 MPa (500 bar). The metal, or
of its compounds, that reacts with the metal nitride,
metal imide or metal amide acts as a "dopant metal" .
The dopant metal can be provided in the form of
compounds for example halides, oxide, nitrides,
organometallic compounds etc. Hydrogen Storage in
Li-Ca - NH The overall composition of a Li-Ca -NH
compound, may be described according to the following
formula: Li Ca NH where 0 < X < 3, 0 < Y < 1.5 and N
|3- X-2Y| . A sample of LiCa . prepared and the
absorption of 



hydrogen was investigated by Temperature-Programmed-
Reaction (TPR) . Diluted hydrogen gas (20% H + 80% Ar,
the partial pressure of H is around 4 MPa (40 bars) )
was passed through a LiCa .NH sample having a mean
particle size of a m at elevated temperatures. On-line
Gas Chromatography (GC) and Mass Spectrometry (MS)
were used to monitor the change of hydrogen content in
the effluent gas during the test. FIG. 1 displays the
TPR test results. It can be seen that hydrogen
absorption by LiCa0-5NH begins at a temperature of
about 25 C and increases at temperatures above 100 C .
Hydrogen absorption peaks at 150C, in which 17the H to
LiCa0-5 NH ratio is about 0.87, which is equivalent to
about 2.03 wt% H stored in LiCa .NH. Without being
bound by theory, it thought from the data obtained by
TPR that the reaction path is: 2LiCa0-5 NH + 2H CaH +
2LiNH (1) With the LiCa0-5 NH converting to CaH and
LiNH . The Pressure-Composition-Isotherm measurements
shown in Fig. A confirm this prediction. The
horizontal axis (X) refers to the molar ratio of
absorbed H atom to sorbent. In Fig. IA, the closed
circles squares represent the LiCa0-5NH sorbent. The
arrow 30 represents the absorption isotherm of LiCa0-5
NH and the arrow 40 represents the desorption
isotherm. From FIG. IA, it can be seen that X can
reach up to 1.75 at temperature of about 220 C , which
is equivalent to about 2.03wt % of H . As
contamination is difficult to avoid, contaminants (for
example lithium oxide and hydroxide) may occupy a
certain amount of the sample weight, thus, X can be
less than 1.0. The reverse of the reaction of equation
(1), i.e. the 



desorption of hydrogen from CaH and 2LiNH , can be
achieved by decomposition of the material at a
temperature from about 80 to about 220C at a hydrogen
pressure of IKPa (0.01 bar) to 10 MPa (100 bar). A s
tested by Temperature-Programmed-Desorption (TPD)
(shown in line c of FIG. 2), hydrogen desorption
begins at a temperature of around 175 C . and peaks at
220 C . The desorbed hydrogen may be described
according to the following reaction: CaH + 2LiNH
2LiCa0-5 NH + 2H (2) In situ X-ray Diffraction (XRD)
was used to measure the phase transition during
hydrogen absorption and desorption process of a
LiCa0-5 NH sample. A s shown in line I of Fig. 7a,
which shows the XRD of the sample 18before hydrogen
absorption, only strong diffraction peaks assigned to
LiCa .NH and weak peaks at about 37.3 and about 53.7
are due to CaO. As hydrogen absorption began, the LiMg
.NH phase at about 32 became weakened and finally
vanished and the amide and hydride phases situated at
approximately 30.5, 51, 38, and 44, respectively,
developed. It can be seen from the XRD diffraction
patterns of Fig 7a before (I) and after (II) hydrogen
absorption, that the hydrogenated sample is composed
of CaH and LiNH . Hydrogen Storage in Li-Mg. NH The
overall composition of a Li-Mg_NH compound, may be
described according to the following formula: Li Mg NH
where 0 < X < 3, 0 < Y < 1.5 and N > | -X- 2 |. The
hydrogen absorption of LiMg .NH was investigated by
Temperature-Programmed-Reaction (TPR) . Diluted
hydrogen gas (20% H + 80% Ar, the partial pressure of
H is around 



4 MPa (40 bars) ) was passed through LiMg0-5NH sample
having a mean particle size of a m at elevated
temperatures. On-line Gas Chromatography (GC) and Mass
Spectrometry (MS) were used to monitor the change of
hydrogen content in the effluent gas during the test.
FIG. 1 displays the TPR test results. It can be seen
that hydrogen absorption by LiMg0-5NH begins at a
temperature of about 90C and increases at temperatures
above 120C. Hydrogen absorption peaks at 220C, in
which the hydrogen content reaches 4.95wt% and the
decreases at temperatures above 230C. Without being
bound by theory, it thought from the data obtained by
TPR that the reaction path is: 2LiMg0-5 NH + 2H Mg (NH
) + 2LiH (3) 19With the LiMg .N converting to Mg (NH )
and LiH, about a 1.7 molar ratio of H to LiMg .NH can
be stored, which is equal to about .95wt% of hydrogen
that can be stored in LiMg0-5NH. The
Pressure-Composition-Isotherm measurements shown in
Fig. A confirm this prediction. The horizontal axis
(X) refers to the molar ratio of absorbed H atom to
sorbent. In Fig. IA, the open squares represent the
LiMg0-5 NH sorbent. The arrow 10 represents the
absorption isotherm and the arrow 20 represents the
desorption isotherm. From FIG. IA, it can be seen that
X could reach up to 3.4 at temperature of about 220 C
, which is equivalent to about .95wt % of H . A s
contamination is difficult to avoid, contaminants (for
example lithium oxide and hydroxide) may occupy a
certain amount of the sample weight, thus, X can be
less than 2.0. The reverse of the reaction of equation
(3), i.e. the desorption of hydrogen from Mg(NH and
LiH, can be achieved by decomposition of the material
at a temperature 



from about 8O C to about 220 C at a hydrogen pressure
of 10KPa (0.1 bar) to 10 MPa (100 bar). A s tested by
Temperature-Programmed-Desorpt ion (TPD) (shown in
line b of FIG. 2 ), hydrogen desorption begins at a
temperature of around 140 C . and peaks at 170 C There
is a shoulder at 185 C . The desorbed hydrogen may be
described according to the following reaction: Mg(NH )
+ 2LiH 2LiMg0-5NH + 2H (4) In situ X-ray Diffraction
(XRD) was used to measure the phase transition during
hydrogen absorption and desorption process of a
LiMg0-5NH sample. A s shown in line I of Fig. 7b,
before hydrogen absorption, only strong diffraction
peaks assigned to LiMg0-5NH and broad peaks at about
42.3 and about 61 are due to MgO. A s hydrogen
absorption began, the LiMg0-5NH phase became weakened
and 20finally vanished and the amide and hydride
phases situated at approximately 30.5, 51, 38, and 4 ,
respectively, developed. It can be seen from the XRD
diffraction patterns of Fig 7b before (I) and after
(II) hydrogen absorption, that the hydrogenated sample
is composed of Mg (NH ) and LiH. The desorption from a
sample having the overall composition LiMg . was also
tested. Referring to Fig. 2 , line a , the desorption
of hydrogen from Mg (NH ) and LiH, closely mirrors the
desorption isotherm of LiMg0-5NH. Hydrogen desorption
begins at a temperature of around 150 C . and peaks at
17O C . Hydrogen Storage in Mg-Na. NH The overall
composition of a Li-Mg.NH compound, may be described
according to the following formula: Mg Na NH where 0<
X <1.5, 0< Y < 1.5, and N > | 3-2x-2y. 



The hydrogen absorption of Mg0-5Na0-5NH was
investigated by Temperature -Programmed- React ion
(TPR) . Diluted hydrogen gas (20% H + 80% Ar, the
partial pressure of H is around 4 MPa (40 bars) ) was
passed through MgO-5Na0-5 NH sample having a mean
particle size of a m at elevated temperatures. On-line
Gas Chromatography (GC) and Mass Spectrometry (MS)
were used to monitor the change of hydrogen content in
the effluent gas during the test. Fig. 4 displays the
TPR test results. It can be seen that hydrogen
absorption by Mg0-5Na0-5NH begins at a temperature of
about 25C and increases at temperatures above 50 C .
Hydrogen absorption peaks at 6O C , in which the
hydrogen content reaches 1.0 wt % and the decreases at
temperatures above 21The desorption of a sample having
the overall formula Mg .5N a .75NH . was also studied
and is shown by the TPD shown in line a of FIG. 5 .
Hydrogen desorption from Mg0-5 N a NH0-5 begins at a
temperature of around 150 C and peaks at about 175 C
and stops desorbing at a temperature of about 200 C .
Referring to Fig. 6 , there is shown Pressure-
Composition-Isotherms (P-C-I) profiles of a Mg0-5NaN
sample at temperatures of: (a) 16O C , (b) 18O C and
(c) 200 C . It can be seen from Fig. 6 that the
maximum ratio of absorbed H to MgNa N H (or 2
molecules of Mg0-5NaNH) was about 1.9, which is
equivalent to about 1.9wt%. Hydrogen Storage &
desorption in Mg-Ca. NH The overall composition of a
Mg-Ca_NH compound, may be described according to the
following formula: Mg Ca NH where 0< X <1.5, 0< Y <
1.5 and N > | 3-2x-2y| . A s will be described in
Example 6, below, a sample of 



Mgo.5Cao.5NH was able to absorb up to 1.3%wt H at a
temperature of 40 C and a pressure of 20 MPa (200 bar)
. The desorption of the sample of Mgo.5Cao.5NH was
also studied and is shown by the TPD shown in line b
of FIG. 5 . It will be seen from the figure that
hydrogen desorption from Mg . Ca0-5 NH occurs over a
broad range of temperatures. Hydrogen desorption from
Mg0-5 Ca0-5 NH begins at a temperature of around 50 C
and peaks at about 190 C and stops desorbing at a
temperature of about 300 C . Hydrogen Storage &
desorption in Mg-Al NH The overall composition of a
Mg-Ca.NH compound, may be described according to the
following formula: Mg A lgNH 22where 0< X <1.5, 0< Y <
1.5 and N > | 3 -2x-2y| . The desorption of a sample
having the overall composition Mgo. .5NH is shown by
the TPD shown in line c of FIG. 5 . It will be seen
from the figure that hydrogen desorption from
Mgo.5Alo.5NH beings at a temperature of 50 C and
continues desorbing to a peak temperature of about 220
C . Hydrogen Releasing materials Disclosed herein are
compositions comprising at least one metal hydride and
a metal nitride capable of desorbing hydrogen at
relatively low temperatures and pressures . It is
expected that these compositions may be used as an
additive in a hydrogen reservoir to assist in the
desorption of hydrogen gas. Disclosed herein are a
number of examples of compositions capable of
releasing hydrogen at relatively low temperatures: In
a first example, a 2.0 g mixture of Mg (NH )2 and MgH
with molar ratio of 1:1 was ball milled at 2 C for two
hours at atmospheric pressure. It was surprisingly 



found that 2wt% of hydrogen was released from the
mixture during the milling period. In a second
example, a 3.0 g mixture of LiNH and LiAlH with in a
LiNH :LiAlH molar ratio of 2:1 was ball milled for 20
hours at atmospheric pressure. It was surprisingly
found that 3wt% of hydrogen was released from the
mixture during the milling period. In a third example,
a 1.0 g mixture of Mg (NH ) and NaH in a molar ratio
of Mg (NH ) :NaH equalling 1:1 was heated to 160 under
an inert gas atmosphere at atmospheric pressure. It
was surprisingly found that 2wt% of hydrogen was
released from the mixture during the milling period.
23Hydrogen Reservoirs The hydrogen sorbents described
above can be used in any circumstances where hydrogen
supply is needed. A preferred application of the
sorbents is in hydrogen reservoirs . Applications for
these reservoirs are numerous, for example, as
on-board hydrogen storage in hydrogen-energydriven
automobiles, ships, aircraft, missiles etc. Another
possible application for the sorbents is in a hydrogen
fuel cell where, for example, the sorbents described
above can supply the hydrogen. In addition, the
hydrogen absorption and desorption reactions described
above can be used to transport energy. A hydrogen
reservoir may comprise a container that contains the
sorbent used in the invention. The container may bear
one or more ports that permit the ingress of hydrogen
during hydrogen absorption and that permit the egress
of hydrogen during hydrogen desorption. The container
can also use a single port with a reversible 



valve to permit both the ingress and the egress of the
hydrogen. A person skilled in the art would have the
knowledge and training suitable to design containers
for use as hydrogen reservoirs . Example 1 MgH can be
purchased commercially. LiNH and Li NH can be
synthesized by reacting Li with ammonia gas NH . 2.0
grams of LiNH , Li NH and MgH with molar ratio of
1:1:1 was mixed thoroughly by a planetary ball mill
for 2 days. The a -prepared mixture was then heated in
a vacuum (IkPa (0.01 bar)) to 250C until no gas
evolved from the mixture. A ternary imide was formed
having the overall composition given by the formula
Without being bound by theory, it is thought that some
of the 24reactants had formed a complex while some of
the reactants had not reacted but had remained in
admixture form. A 500 g sample of 1-5 having a mean
particle size of was put into the sample cell of a
Pressure- Composition-Isotherm (PCI) unit. The
hydrogen storage capacity was determined by
introducing 10 MPa (100 bar) of hydrogen into the
sample cell, which was preheated to 180 C . After 2
hours of absorption, about 4.5 wt% of hydrogen was
absorbed. Desorption was performed by evacuating the
PCI system to 10 kPa (0.1 bar) at a temperature of 180
C for 3 hours. The amount of desorbed hydrogen was
measured by reabsorption of hydrogen at 18 C and under
10 MPa (100 bar) of hydrogen for 2 hour. 4.1wt% of
hydrogen was reabsorbed, which means that about 90 wt%
of hydrogen was desorbed at 180 C . Accordingly, the
sorbent of formula 0-S 0-5 was surprisingly found to
be capable of reverse absorbing 



90 wt% of the absorbed hydrogen. The sorbent of
formula Li Mg0-5 NH was surprisingly capable of
absorbing and desorbing hydrogen at relatively low
temperatures of about 180 C . Example 2 450 mg sample
of LiMg0-5 NH was put into the sample cell of a
Pressure-Composition-Isotherm (PCI) unit. The hydrogen
storage capacity was determined by introducing 20 MPa
(200 bar) of hydrogen into the sample cell, which was
preheated to 180 C . After 3 hours of absorption,
about 5.5 w % of hydrogen was absorbed. Desorption was
performed by evacuating the PCI system to 10 kPa (0.1
bar) at a temperature of 180 C for 3 hours. The amount
of desorbed hydrogen was measured by reabsorption of
hydrogen at 180 C and under 20 MPa (200 bar) of
hydrogen for 3 hours. About 5.1 wt% of hydrogen was
re- 25absorbed, which means that about 93 wt% of
hydrogen was desorbed at 180 C . Accordingly, the LiMg
.NH sorbent of formula 1-5 0-5 was surprisingly found
to be capable of reverse absorbing 93 wt% of the
absorbed hydrogen. The sorbent of formula
Li1-5Mg0-5NH0-5 was surprisingly capable of absorbing
and desorbing a high quantity of hydrogen at
relatively low temperatures of about 180 C . Example 3
MgH can be purchased commercially. Li NH can be
synthesized by reacting Li with ammonia gas NH . .
gram of Li NH and MgH with molar ratio of 1:0.3125 was
mixed and pretreated following the procedure described
in Example 1 to produce a ternary sorbent having the
overall general formula of Li Mg NH . Without being
bound by theory, it is thought that some of the
reactants 



had formed a complex while some of the reactants had
not reacted but had remained in admixture form. 500 g
of the Li Mg 625NH sorbent was put into the sample
cell of a Pressure-Composition-Isotherm (PCI) unit.
The hydrogen storage capacity was determined by
introducing 10 MPa (100 bar) of hydrogen into the
sample cell, which was preheated to 200 C . After 5
hours of absorption, about 3.5 wt% of hydrogen was
absorbed. Desorption was performed by evacuating the
PCI system to 10 kPa (0.1 bar) at a temperature of 200
C for 5 hours. The amount of desorbed hydrogen was
measured by reabsorption of hydrogen at 200 C and
under 10 MPa (100 bar) of hydrogen for 5 hours. About
3.32 wt% of hydrogen was r -absorbed, which means that
about 95 wt% of hydrogen was desorbed at 200C.
Accordingly, the Li Mg NH sorbent was surprisingly
found to be capable of reverse absorbing 2695 w % of
the absorbed hydrogen. The sorbent of formula was
surprisingly capable of absorbing and desorbing a high
quantity of hydrogen at relatively low temperatures of
about 200C. Example 4 CaH can be purchased
commercially. LiNH can be synthesized by reacting Li
with ammonia gas NH . 500 g of LiNH and CaH mixture
with in a LiNH :CaH molar ratio of 2:1 was ball milled
for 5 hours. Accordingly, in this example, the Li:Ca:
ratio was 2:1:2. The mixture was pretreated to 25O C
under vacuum. The material was exposed to hydrogen
atmosphere 5MPa (50 bar) at 150 C in a PCI unit as
described in example 1 above. It was found that about
2wt% of hydrogen can be absorbed. Desorption was
performed by evacuating the PCI system 



to 1 kPa (0.01 bar) at a temperature of 200 C for 5
hours. It was surprisingly found that 90% of the
absorbed hydrogen was released under the given
conditions . The material was successively absorbed
hydrogen at 150C and under 10 MPa (100 bar) of
hydrogen for 5 hours. About 1.8 wt% of hydrogen was
re-absorbed, which means that about 90 wt% of hydrogen
was desorbed at 150 C . Accordingly, the sorbent of
this example was surprisingly found to be capable of
reverse absorbing 90 wt% of the absorbed hydrogen at
relatively low temperatures of about 150 C . Example 5
MgH can be purchased commercially. Na NH can be
synthesized by reacting Na with ammonia gas NH . 1.0
gram of Na NH and MgH with molar ratio of 1:1 was
mixed and pretreated following the procedure described
in 27Example 1 to produce a ternary sorbent having the
overall general formula of 0-5 1-5 Without being bound
bytheory, it is thought that some of the reactants had
formed a complex while some of the reactants had not
reacted but had remained in admixture form. 500 g
sample of the Na .Mgo.sNH . sorbent was put into the
sample cell of a Pressure-Composition-Isotherm (PCI)
unit. The hydrogen storage capacity was determined by
introducing 10 MPa (100 bar) of hydrogen into the
sample cell, which was preheated to 100 C . After 3
hours of absorption, about 1.5 wt% of hydrogen was
absorbed. Desorption was performed by evacuating the
PCI system to 10 kPa (0.1 bar) at a temperature of 150
C for 3 hours. The amount of desorbed hydrogen was
measured by reabsorption of hydrogen at 100 C and
under 10 MPa (100 bar) of hydrogen for 3 hours. About
1.42 wt% of hydrogen was 



r -absorbed, which means that about 95 wt% of hydrogen
was desorbed at 150C. Accordingly, the N a .sMg .NH .
sorbent was surprisingly found to be capable of
reverse absorbing 95 wt% of the absorbed hydrogen. The
sorbent of formula N a0-5 Mg NH1-5 was surprisingly
capable of absorbing and desorbing a high quantity of
hydrogen at relatively low temperatures of about
100C-150C. Example 6 450 mg sample of Ca0-5Mg0-5 NH
was put into the sample cell of a
Pressure-Composition-Isotherm (PCI) unit. The hydrogen
storage capacity was determined by introducing 20 MPa
(200 bar) of hydrogen into the sample cell, which was
preheated to 40 C . After 2 hours of absorption, about
1.0 w % of hydrogen was absorbed. Desorption was
performed by evacuating the PCI system to 10 kPa (0.1
bar) at a temperature of 150 C for 2 hours. 28The
amount of desorbed hydrogen was measured by
reabsorption of hydrogen at 40 C and under 20 MPa (200
bar) of hydrogen for 2 hours. About 0.8 wt% of
hydrogen was re absorbed, which means that about 80
wt% of hydrogen was desorbed at 150 C . Accordingly,
the Cao.5Mgo.5NH sorbent was surprisingly found to be
capable of reverse absorbing 80 wt% of the absorbed
hydrogen. The sorbent of formula Ca .Mg0-5NH was
surprisingly capable of absorbing at relatively low
temperature of about 4 0 C and of desorbing at a
relatively low temperature of 150 C . Applications It
will be appreciated that the sorbents disclosed in the
examples and as described in the embodiments disclosed
above were surprisingly found to be capable of reverse



absorbing between 80-95 wt% of absorbed hydrogen at
relatively low temperatures. A s 80-90 wt% of the
originally absorbed hydrogen can be released and then
reabsorbed (ie reverse absorption) , the compounds of
the disclosed embodiments have advantageously found to
have a relatively high capacity for reverse H
absorption. The disclosed compounds not only disclose
a compounds capable of absorbing hydrogen at
relatively low temperatures and pressures, but
compounds that are capable of high levels of reverse
absorption. This means that the compounds disclosed
herein are capable of exhibiting an overall reverse
absorption capacity compared to other known solidphase
hydrogen storage materials . Advantageously, the
disclosed mult -metal compounds may be used in a
hydrogen reservoir. It will be apparent that various
other modifications and adaptations of the invention
will be apparent to the person skilled in the art
after reading the foregoing 29disclosure without
departing from the spirit and scope of the invention
and it is intended that all such modifications and
adaptations come within the scope of the appended
claims . References: 1 . H . Buchner, P .
Pelloux-Gervais, M . Mullar, F . Grafwallner and P .
Luger. Hydrogen and other alternative fuels for air
and ground transportation. H . W . Pohl, Eds. (John
Wiley & Sons, Chichester 1995) . Chaps. 7-11. 2 . J .
Nitsch, W . Peschka, W . Schnurnberger, M . Fischer
and H . Eichert. Hydrogen as an energy carrier. C .
Winter and J . Nitsch, Eds. (Springer- Ver lag.
Berlin, 1988) , Part B . 



3 . H . Imamura, N . Sakasai, T . Fujinaga,J
AlloyCompd, 253,34 (1997) 4 . A . Zaluska, L .
Zaluski, J.O. Strom-Olsen, Appli Phys A , 72,157
(2001) . 5 . D . Miklauz, Monatsh, 31,981 (1910).
30Claims 1 . A u -metal-nitrogen compound for use in
hydrogen storage materials, the compound comprising at
least two dissimilar metal atoms and a nitrogen atom,
the multi-metal-nitrogen compound being capable of
absorbing hydrogen at an absorption temperature and
pressure, and of desorbing 60% or more by weight of
said absorbed hydrogen at a desorption temperature and
pressure. 2 . A multi-metal-nitrogen compound as
claimed in claim 1 wherein the compound is capable of
absorbing and desorbing hydrogen at a temperature of
220 C or less. 3 . A multi-metal-nitrogen compound as
claimed in claim 2, wherein the absorption or
desorption temperature is in the range of 0 C to 200 C
. 4 . A multi-metal-nitrogen compound as claimed in
claim 1, wherein the compound is capable of desorbing
80% or more of the absorbed hydrogen 5 . A
multi-metal-nitrogen compound as claimed in claim 1,
wherein the mult imetal-nitrogen compound is a
bimetal-nitrogen compound having two dissimilar metals
selected from the group consisting of Group IA, Group
HA, Group IB, Group IVA and Group VIII of the Periodic
Table of elements, and mixtures thereof . 6 . A
multi-metal-nitrogen compound as claimed in claim 



1, wherein the multimetal-nitrogen compound is a
31bimetal-nitrogen compound having two dissimilar
metals selected from the group consisting of aluminium
(Al), calcium (Ca), lithium (Li), magnesium (Mg), and
sodium (Na). 7 . A multi-metal-nitrogen compound as
claimed in claim 1, wherein the multimetal-nitrogen
compound is a bimetal-nitrogen compound comprising a
nitrogen atom and a pair of metal atoms selected from
the group consisting of 1ithium(Li)-aluminium (Al),
lithium (Li)-magnesium (Mg), lithium (Li)-calcium
(Ca), magnesium (Mg)-calcium (Ca), magnesium
(Mg)-sodium (Na), magnesium (Mg)-aluminium (Al) and
mixtures thereof. . A multi-metal-nitrogen compound as
claimed in claim 1 comprising one or two hydrogen
atoms bonded to the nitrogen atom. 9. A
multi-metal-nitrogen compound as claimed in claim 1,
wherein one of the metal atoms is bonded to hydrogen
and the other metal atom is bonded to nitrogen. 10. A
multi-metal-nitrogen compound as claimed in claim 1,
comprising a lithium-aluminium-nitrogen compound
selected from the group consisting of lithiumaluminium
nitride, lithium-aluminium imide, lithiumaluminium
amide or mixtures thereof . 11. A multi-metal-nitrogen
compound as claimed in claim 1, comprising a lithium
(Li)-aluminium (Al)- nitrogen (N) compound represented
by the general formula: Li Al NH 32where 0 < X < 3, 0
< Y < l and N > | - X- 3 | . 12. A
multi-metal-nitrogen compound as claimed in claim 



1, comprising a bimetal-nitrogen compound selected
from the group consisting of lithium-magnesiumnitride,
lithium-magnesium-imide, lithium-magnesiumamide,
lithium-calcium-nitride, lithium-calciumimide,
lithium- calcium-amide, and mixtures thereof. 1 . A
multi -metal-nitrogen compound as claimed in claim 1,
comprising a lithium (Li)-magnesium (Mg)- nitrogen (N)
compound represented by the general formula : Li Mg NH
where 0 < X < 3, 0 < Y < 1. 5 and N | - X- 2 | . 14. A
multi-metal-nitrogen compound as claimed in claim 1,
comprising a lithium (Li)-calcium (Ca)-nitrogen (N)
compound represented by the general formula: Li Ca NH
where 0 < X < 3, 0 < Y < 1 . 5 and N  | 3- X- 2Y| .
15. A multi-metal-nitrogen compound as claimed in
claim 1, comprising a bimetal-nitrogen compound
selected from the group consisting of
magnesium-calcium nitride, magnesium-calcium imide,
magnesium-calcium amide, or mixtures thereof. 16. A
multi-metal-nitrogen compound as claimed in claim 1,
comprising a magnesium (Mg)-calcium (Ca)- nitrogen (N)
compound represented by the general formula : Mg Ca NH
where 0< X <1.5, 0< Y < 1.5 and N > | 3-2x-2y|. 3317.
A multi-metal-nitrogen compound as claimed in claim 1,
comprising a bimetal-nitrogen compound selected from
the group consisting of magnesium-sodium nitride,
magnesium-sodium imide, magnesium-sodium amide, or
mixtures thereof. 



18. A multi-metal-nitrogen compound as claimed in
claim 1, comprising a magnesium (Mg)-sodium
(Na)-nitrogen (N) compound represented by the general
formula: Mg Na NH where 0< X <1.5, 0< Y < 1.5 and N |
3-2x-2y|. 19. A multi-metal-nitrogen compound as
claimed in claim 1, comprising a bimetal-nitrogen
compound selected from the group consisting of
magnesium-aluminium nitride, magnesium-aluminium
imide, magnesiumaluminium amide, and mixtures thereof.
20. A multi-metal-nitrogen compound as claimed in
claim 1, comprising a magnesium (Mg)-aluminium (Al)-
nitrogen (N) compound represented by the general
formula : Mg Al NH where 0< X <1.5, 0< Y < 1.5 and N >
| 3-2x-2y|. 21. A hydrogen reservoir containing a
multi-metalnitrogen compound as claimed in claim 1 .
22. A process for reverse adsorbing hydrogen
comprising: contacting the multi-metal-nitrogen
compound of claim 1 with hydrogen at an absorption
temperature and pressure; and 34releasing hydrogen
from the multi-metal-nitrogen compound at a desorption
temperature and pressure. 23. A process for making a
multi-metal-nitrogen compound for use in a hydrogen
reservoir, the process comprising the step of heating
a metal hydride comprising at least one metal and a
metal-nitrogen compound comprising at least one metal
that is dissimilar to said at least one metal of said
metal hydride, at a temperature and a pressure to form
the multi-metal-nitrogen compound, the dissimilar
metals 



being selected such that the multi-metal-nitrogen
compound is capable of absorbing hydrogen at an
absorption temperature and pressure, and of desorbing
60% or more by weight of said absorbed hydrogen at a
desorption temperature and pressure. 24. Use of a
mutli-metal-nitrogen compound as claimed in claim 1
for storing hydrogen. 35 


