Available online at www.sciencedirect.com JRURNAL OF

scrence @ormeor- POWER
SOURGES

www_.elsevier.com /locate /jpowsour

ELSEVIER Journal of Power Sources 138 (2004) 309-312

Synthesis and dehydriding studies of Mg—N—H systems

Y. Nakamori, G. Kitahara, S. Orinfo

Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

Received 26 May 2004; received in revised form 21 June 2004; accepted 21 June 2004
Available online 13 August 2004

Abstract

Light-elemental amides and imides are recently regarded as potential candidates for high-performance hydrogen storage materials. In this
studies, the single phases magnesium amide (MgfNtdnd magnesium imide (MgNH) were successfully prepared by solid—gas reactions
of MgH, with ammonia at 613 K and 653 K, respectively. Subsequently, Mgihidas mixed with different molars of Mgi-br LiH in order
to systematically investigate the dehydriding properties. With increasing temperature, the mixtures obM@iNHVgH: desorb ammonia
at approximately 630 K, similar to the decomposition reaction of Mg{]¥ldlone. On the other hand, the mixture of Mg(NHand 4 M of
LiH desorbs only hydrogen during heating because of the “ultra-fast” reaction of LiH with ammonia from Mg(MNHlike MgH,,
© 2004 Elsevier B.V. All rights reserved.

Keywords: Hydrogen storage; Solid—gas reaction; Magnesium; Lithium; Amide; Imide

1. Introduction In this study, we focus on the hydriding and dehydriding
properties of magnesium amide (Mg(MH) and magne-

Experimental and theoretical studies on complex hydrides sium imide (MgNH), which have not been clarified yet.

such as NaAll [1-6], Mg(AIH 4)2 [7], LiBH4 [8-10], and Mg(NH2)> has been reported to be synthesized by the

LiNH > [11-16]have been of great interest from the viewpoint reactions of MgN2 or Mg with ammonia (gas and liquid)

of the application of reversible solid state hydrogen storage and the time taken for the reaction to be completed is in the

functions for fuel cell technologig47,18] For example, the  order of year$19,20] The solid—gas reaction of MgHwith

mixture of 1 M of LiNH; (lithium amide) and 2 M of LiH ammonia was employed in this study to prepare the single

can store 10.4 mass% of hydrogen totally, via the formation phases Mg(NH), and MgNH.

of lithium imide (LioNH), as follows[11]: The prepared Mg(Nb)2 was mixed with different molars

) ) ) ) ) of MgH> or LiH to systematically investigate the dehydriding
L|NH2 + 2L|H = L|2NH + L|H =+ H2 =4 L|3N + 2H2 (1) properties'

One of the effective methods to promote the dehydriding re-
action (left-to-right direction irEq. (1) of LiNH is partial 2. Experimental
substitution of Li by other elements having larger electroneg-

ativities, such as M@15]. At the start of the reaction, the Mg(NH>), and MgNH were prepared as follows: approx-
dehydriding temperatures decrease with increasing Mg con-imately 100 mg of MgH (90% of hydride phase, and re-
centrations, down to approximately 370 K fdiNH» with M mainder Mg, Aldrich Co. Ltd.) was placed in a Mo crucible
= Li—30 at.% Mg[16]. in a glove box filled with purified argon (dew point below

180 K). The crucible with MghH was then sealed into a reac-
tion tube equipped with a connection valve for evacuation and
* Corresponding author. Tel.: +81 22 215 2093; fax: +81 22 215 2091. introduction of ammonia. After evacuation at110~*Pa,
E-mail addressorimo@imr.tohoku.ac.jp (S. Orimo). 0.5 MPa of ammonia (5N) was introduced into the reaction
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tube and this was heated up to a temperature of 603—-653 K for 0
1week. Using an analogy similar to thated. (1) Mg(NH>)2
thus prepared was mixed with 1 M of MgH2 M of MgHo,
and 4 M of LiH (99.9%, Serac Co. Ltd.) to investigate the

-
o

possible dehydriding and hydriding reactions as follows: é Q
Mg(NHa), + MgHz < 2MgNH + 2H, @ g or2
Mg(NHz); + 2MgHs < MgsN3 + 4H, 3) e [
, _ = 30 20 30 40 50 60 (&) .
Mg(NH2), + 4LiH < $MgsN2 + 3LisN + 4Hp 4) | 20 (degree) LT

300 400 500 600 700 800

Each of the equations given above may be composed of more
Temperature (K)

than two reaction steps, similar Ex. (1)
. The dehydriding and hy_d“dmg reactions were exam' Fig. 2. Thermogravimetries of (a) Mg(Nfb mixed without Mgh, (b)
ined by powder X-ray diffraction measurement (PANalytical, wmg(NH,), mixed with 1 M of MgHp and (c) Mg(NH)> mixed with 2 M of
X'PERT, CuKa), thermal desorption spectroscopy (TDS) MgH; in argon flow at 0.1 MPa with a heating rate of 10 K/min. The inset
detected by gas chromatography (GL Science, GC323, ar-shows the powder X-ray diffraction profile after the measurement of (a) i.e.,
gon flow under 0.1 MPa with a heating rate of 10 K/min), M3(NH2)2 without Mgh. The peak positions of M@\ in ref. [22] were
. . . . represented by closed diamonds.
and thermogravimetry and differential thermal analysis (TG-
DTA, Bruker AXS, TG-DTA 2000SA, Arflowunder0.1MPa g ring reaction, approximately 97% of the starting material

with a heating r_ate of 10.K/min). .The sample was placedina (90% of Mghb, and remainder Mg) became Mg(M}4 under
gas-tight container (equipped with gas-exchanging and heat-e 4t freatment at 613 K. Conceivable reactions are as follows:
ing unit for the TDS measurements) in the glove box to avoid

the exposure to air, except for the TG-DTA measurements. MgH2 + 2NHz = Mg(NH3), + 2H; (5a)

Mg + 2NH3 = Mg(NH2), + H2 (5b)

3. Results and discussion )
The peak at around 2@&nd the triad peaks at around°3thd

3.1. Synthesis and decomposition of Mg@j+and 50° seem to be characteristic of Mg(N}. With increasing
MgNH reaction temperatures, those peaks became to small, while
the peaks at around 1225, and 40-50, which are charac-

Fig. 1 shows the powder X-ray diffraction profiles of teristic of MgNH, began to appear. Finally the single phase
MgH, heated up at various temperatures in 0.5 MPa of ammo- MgNH was obtained at 653 K.
nia. The starting material was identified as Mgkvhereas The decomposition process of Mg(MJd was examined
remainder Mg could not be detected by the powder X-ray by TG-DTA, as shown inFig. 2a). The weight loss be-
diffraction measurement. The sample heated up to 603 K gins atapproximately 400 K, and the decomposition reactions
was identified as a mixture of Mg(NBb and un-reacted  clearly occur at approximately 630 K and 720 K, correspond-
MgH, The single phase Mg(NB, was detected in the sam-  ing to 25 mass% and 32 mass% of weight losses, respectively.

ple heated up to 613 K. Judging from the increase of weight After heating up to 873 K, only Mg\, was detected in the
X-ray diffraction profile, as shown in the insetfafy. 2 Thus,

* ' [ by combining the results shownkig. 1, the two-step decom-
| , L e position process of Mg(NE)2 can be explained as follows:
[ e | o Mg(NH2); = MgNH + NH3 = 1MgzN2 + 3NHs  (6)

603 K

The differences between the weight losses detected experi-
mentally by the TG-DTA measurements, and those expected
from ideal equations (30mass% and 40 mass%, respec-
tively) might arise from the surface oxidation/hydroxidation.
Presently, we are installing the TG-DTA apparatus inside
the glove box to completely isolate the measuring samples

Intensity (a.u.)

‘ , , from air.
20 30 40 50 60
26 (degree) 3.2. Decomposition of the mixture of Mg(b) and
MgHz

Fig. 1. Powder X-ray diffraction profiles of MgHheated up at various

temperatures in 0.5 MPa of ammonia. Opened squares, closed circles and . o . . .
closed triangles show the peak positions of Mdiref. [21], Mg(NH,)2 in The possible dehydriding reactions (left-to-right direc-
ref. [19], and MgNH in ref[19], respectively. tions) in Egs. (2) and (3were examined by TG-DTA, and
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the results are also shown litig. 2(b) and (c). The weight
loss reactions clearly occur at approximately 630K and

311

stable intermediate products obINH, which was confirmed
by the powder diffraction measurements. This is the cause of

720-750 K. The weight losses are approximately 24 mass%difference weight loss between measurement and theoretical

and 16 mass% for the Mg(Nht with 1 M of MgH> and the
Mg(NH2)2 with 2 M of MgH>, respectively. However, these

one. As shown in the inset &fg. 3, the diffraction peaks cor-
responding only to Mg\ and LN were observed after the

values are much larger than the estimated dehydriding reac-dehydriding reaction in vacuum up to 750 K. This indicates

tions, 4.9 mass% and 7.4 mass% accordingds. (2) and

that the dehydriding reaction actually accordingeim. (4)

(3), suggesting that not only hydrogen but also ammonia was We have also confirmed by gas chromatography that the gas
desorbed during heating. Judging from these results, we infercomponent from the mixture of Mg(Nhk and 4 M of LiH

that the mixture of Mg(NH)2 and 1 M of Mg (or 2 M of
MgH?>) also decomposes in a manner similaEtp (6} first
into MgNH at approximately 630 K, and then into Mdp up
to approximately 720 K.

The dehydriding reactions accordingEgs. (2) and (3)

contains only hydrogen without ammonia.

It should be emphasized that the dehydriding reaction of
the mixture of Mg(NH)2 and 4 M of LiH begins at approx-
imately 420 K under the present condition, while that of the
mixture of LiNH2 and 2 M of LiH began at approximately

cannot be confirmed, at least under the present condition with550 K with a heating rate of 10 K/min under 0.1 MPa of ar-

a heating rate of 10 K/min under 0.1 MPa of argon. The intrin-
sic reason is the limited kinetics of reaction between MgH
and ammoniato form Mg(N})». As described isection 3.1

it required approximately 1 week to form Mg(Nk com-
pletely, indicating that the reaction of MgHvith ammonia

is in the order of day. On the other hand, it was reported that
the reaction of LiH with ammonia is ultra-fast (25 nj$3].
Therefore, LiH should be mixed with Mg(Nbb in order

gon by gas chromatograpliys]. The difference is probably
due to the lower decomposition temperature of MggNH
as compared to that of LiN#l with respect to the forma-
tion of ammonia. Moreover, the mixed LiH could suppress
the desorption of ammonia from Mg(Nb, and enhance the
desorption of only hydrogen.

We have also reported in detail the hydriding reaction
(right-to-left direction) inEq. (4) of the mixture of 4 M of

to suppress the desorption of ammonia, and to enhance the.isN and 1 M of MgN> under appropriate conditiori24].

desorption of only hydrogen.

3.3. Dehydriding reaction of Mg(N#), with LiH
according toEq. (4)

The possible dehydriding reaction (left-to-right direction)
in Eq. (4)was examined by TG-DTA, and the results are
shown inFig. 3. The weight loss reaction begins at approxi-
mately 420 K, and the value is approximately 6.5 mass% up to
873 K under present condition, corresponding to 71% of the
estimated value according . (4) The preliminary results
indicated thaEq. (4)contains more than two reaction steps,
similar toEq. (1) For example, there are thermodynamically

<
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Fig. 3. Thermogravimetry of the mixture of Mg(Nhp and 4 M of LiH in
argon flow at 0.1 MPa with a heating rate of 10 K/min. The inset shows the
powder X-ray diffraction profile after dehydriding reaction of the mixture
of Mg(NH3)2 and 4 M of LiH. The closed diamonds and open circles show
the peak positions of MgN, and LiN in refs.[22,23] respectively.

Moreover, detailed reaction pathieq. (4)is now being inves-
tigated by synchrotron radiation X-ray diffraction and neu-
tron diffraction experiments. The reversible reaction accord-
ing toEq. (4)achieves solid state hydrogen storage more than
9 mass% of hydrogen. Mg(Nbb is a preferable candidate
for hydrogen storage, since it has a lower dehydriding tem-
perature, less activity to air, and also a lower cost, comparing
to LiNH>.

4. Conclusions

The single phase Mg(Nf)> prepared by the solid—gas
reaction of Mgh with ammonia was mixed with different
molars of Mgh or LiH to systematically investigate the de-
hydriding properties. With increasing temperature, the mix-
tures of Mg(NH)2 and Mgh: desorb ammonia at approxi-
mately 630K, similar to Mg(NH)> without MgH,. On the
other hand, the mixture of Mg(NbHk and 4 M of LiH des-
orbed only hydrogen, because LiH can react ultra-fast with
ammonia from Mg(NH)2, unlike Mgh.
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