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Hydrogen storage properties of Li–Mg–N–H systems
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Abstract

The hydriding and dehydriding reactions ofM(NH2)y, whereM = Li − x at.% Mg (x = 0–100 andy = 1–2), were examined for the
purpose of developing reversible hydrogen storage materials. At the start of the reaction, the dehydriding temperatures of LiNH2 with
partial Mg substitutions drastically decrease with an increase in the Mg concentrations, to approximately 370 K withx = 30. Moreover, the
reversible dehydriding and rehydriding reactions of Mg(NH2)2, in which 9.1 mass% of hydrogen can be stored, were successively investigated.
The reversible hydriding and dehydriding reactions ofM(NH2)y are useful for the development of hydrogen storage materials for fuel cell
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. Introduction

Chen et al. have reported that lithium imide (Li2NH) and
ithium amide (LiNH2) exhibit reversible hydriding and de-
ydriding reactions[1,2], expressed as follows:

iNH2+ 2LiH ⇔ Li2NH+ LiH + H2 ⇔ Li3N + 2H2 (1)

he dehydriding reaction caused by the decomposition of
iNH2 into Li2NH (left-to-right direction of the first reac-

ion of Eq. (1)) begins at approximately 423–473 K in vac-
um[1–3] and at approximately 550 K in argon[4,5] . These

emperatures are higher than the desired temperatures, par-
icularly, for the polymer electrode fuel cell, which is typi-
ally below 373 K. Therefore, the decrease in the dehydriding
emperatures of amides (and imides) is an important research
irection. One of the effective methods is the partial substi-

ution of cations; for example, Li can be substituted by Mg,
hich is an element with a larger electronegativity[4–6].
In this study, we first examine the hydriding and dehydrid-

ng reactions of LiNH2 with/without partial Mg substitutions.
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In addition, the notable hydriding and dehydriding react
of Mg(NH2)2 mixed with an appropriate molar of LiH we
also investigated.

2. Experimental

Samples were prepared by the following two meth
Method-1, mixtures of Li and Mg powders (both with 99.
purity) were heat-treated under 0.1 MPa of argon in ord
prepare Li− x at.% Mg alloys (x = 0, 10, 30, and 50). Su
sequently, the alloys were nitrided at 833 K under 0.1 M
of nitrogen (99.99995% purity) for 1 h, and successively
drided at 573–623 K under 35 MPa of hydrogen (99.999
purity) for 2 h. Method-2, Li3N and Mg3N2 were indepen
dently prepared by gas-phase nitrogenation of metallic L
Mg, respectively. The mixtures of Li3N–20 at.% Mg3N2 were
then heated up to 833 K under 0.1 MPa of nitrogen for
and successively, the nitrides were hydrided at 523 K u
35 MPa of hydrogen for 4 h.

The samples prepared were examined by powder X
diffraction measurement (PANalytical, X’Pert, Cu K�) and
thermal desorption spectroscopy detected by gas chrom
925-8388/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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raphy (GL Science, GC323, argon flow under 0.1 MPa at a
heating rate of 10 K/min). All the samples were handled in a
glove box filled with purified argon (dew point below 180 K)
during the preparations/measurements. This handling man-
ner is important in order to avoid the desorption of ammonia
[7].

3. Results and discussion

3.1. LiNH2 with/without partial Mg substitutions

Fig. 1 shows the dehydriding reactions of LiNH2
with/without partial substitutions of Li by Mg, as prepared
by Method-1. The dehydriding reaction of LiNH2 without
partial Mg substitutions (left-to-right direction of the first re-
action of Eq.(1)) begins at approximately 550 K at a heating
rate of 10 K/min under argon[4,5]. At the start of the reaction,
with partial Mg substitutions, the dehydriding temperatures
drastically decrease to approximately 370 K withx = 30 in
M = Li − x at.% Mg, as shown in the inset. The optimized
concentration of Mg is predicted to be approximatelyx = 30.

The powder X-ray diffraction profiles of LiNH2 with/
without partial Mg substitutions are shown inFig. 2. Ac-
cording to Eq.(1), the sample without substitution consists
of the mixture of LiNH and LiH. It should be emphasized
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Fig. 2. Powder X-ray diffraction profiles ofM(NH2)y withM = Li − x at.%
Mg: (a) x = 0, (b) x = 10, (c)x = 30, and (d)x = 50. The samples were
prepared by Method-1.

Mg(NH2)2 is expressed as follows[9,10]:

3Mg(NH2)2 + 12LiH ⇔ 4Li3N + Mg3N2 + 12H2 (2)

This reaction may be composed of more than two reaction
steps, similar to Eq.(1), and a total of 9.1 mass% of hydro-
gen can be stored in the solid state according to Eq.(2). In
order to confirm the reaction according to Eq.(2), the sample
was prepared by Method-2 (right-to-left direction of Eq.(2)).
Only the diffraction peaks corresponding to the mixture of
Mg(NH2)2 and LiH were actually observed after the hydrid-
ing reaction, as shown inFig. 3. Moreover, only the diffrac-
tion peaks corresponding to the mixture of Mg3N2 and Li3N
were observed after the dehydriding reaction (left-to-right
direction of Eq.(2)) in vacuum up to 750 K. These results in-
dicate that the hydriding and dehydriding reactions proceed
completely in accordance with Eq.(2).
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hat some of the diffraction peaks shift with an increas
he Mg concentrations, due to the actual substitution of L
g. In addition, the Mg(NH2)2type phase (the crystal stru

ure is similar to LiNH2 [8]) are also observed in the samp
ith partial Mg substitutions.

.2. Mg(NH2)2 mixed with LiH

We have predicted that the mixtures of magnesium a
nd lithium hydride (or their nitrides), in addition to the par
ubstitutions described in Section3.1, exhibit similar effect
o enhance the dehydriding reaction. A possible reactio

ig. 1. Dehydriding amount ofM(NH2)y with M = Li − x at.% Mg: (a)x =
, (b)x = 10, (c)x = 30, and (d)x = 50, at a heating rate of 10 K/min und
.1 MPa of argon. The samples were prepared by Method-1. The inset

he initial dehydriding temperature as a function of the Mg concentratix.
ig. 3. Powder X-ray diffraction profiles of the samples prepared by Me
: (a) before the hydriding reaction (right-term of Eq.(2)), (b) after the hy
riding reaction (left-term of Eq.(2)), and (c) after the dehydriding reacti
again, right-term of Eq.(2)).
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Fig. 4. Dehydriding amount of the samples prepared by Method-2: (a) after
the hydriding reaction (left-to-right direction of Eq.(2)), at a heating rate of
10 K/min under 0.1 MPa of argon. The sample (b) was 1 h-milled together
with 1 mol% Ti prior to the hydriding reaction in Method-2.

The dehydriding reaction (left-to-right direction of
Eq. (2)) was also examined by thermal desorption spec-
troscopy, as shown inFig. 4. The dehydriding reaction begins
at approximately 500 K and a sharp peak appears at approxi-
mately 680 K. Using gas chromatography, we have confirmed
that the gas component from the sample is only hydrogen,
without the formation of ammonia. From the result of ther-
mogravimetry (not shown), the amount of desorbed hydro-
gen is approximately 8 mass% up to 700 K at a heating rate
of 10 K/min under 0.1 MPa of argon, which corresponds to
89% of the estimated value according to Eq.(2). Fig. 4also
expresses the effects of milling together with catalysts prior
to the hydriding reaction in Method-2. The sharp peak dras-
tically decreases from 680 to 540 K by 1 h milling together
with 1 mol% Ti. The milling conditions with catalysts will be
optimized.

Using synchrotron radiation X-ray diffraction and neutron
diffraction experiments investigations on the detailed mech-
anism of the reversible hydriding and dehydriding reaction
according to Eq.(2) and substitution effects are now under-
way [11,12].

4. Conclusions

The hydriding and dehydriding reactions of M(NH) ,
w

investigated for the development of reversible hydrogen stor-
age materials. At the start of the reaction, with an increase
in the Mg concentrations, the dehydriding temperatures of
LiNH2 with partial Mg substitutions drastically decrease to
approximately 370 K withx = 30. Moreover, the reversible
dehydriding and rehydriding reactions of Mg(NH2)2 were
successively investigated for the first time by mixing with an
appropriate molar of LiH, in which 9.1 mass% of hydrogen
can be stored. The effects of milling together with the catalyst
have been preliminary investigated.
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