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LisN is a potential H storage material due to its high theoreticaldapacity (10.4 wt %). A critical potential

issue regarding this N-based storage material is the generation Hfviiith consumes some,Hnd also
constitutes a poison for the downstream processes. In this Letter, by using the temperature-programmed
decomposition of a two-layer material (LiNHand LiH), we demonstrate that NHoroduced via the
decomposition of LiNH is completely captured by LiH even at very short contact times (25 ms) with the
carrier gas. This ultrafast reaction betweenzNidd LiH inhibits NH; formation during the hydrogenation of

LisN and also prevents the NHjenerated during the dehydrogenation of the hydrogenat®dtbi escape

into the H, stream. However, if the hydrogenatedNliwas previously exposed to the atmosphere, somg NH
could escape into the tbtream during the Hdesorption, due to the partial oxidation of LiH by the water
present in air.

Introduction As early as 1910, Dafert and Miklatfzreported that the
Hydrogen is a promising clean fuel for vehicles, which can reaction between kN and H generated LNH (a mixture of

use hydrogen for propulsion either directly, or through fuel cells. 2LiH and LiNH,")

In both cases, a suitable hydrogen-storage material is needed Li.N + 2H. = Li.NH

to make this source of energy economically viable. There are 3 2 s 4

economical issues with the traditionaj storage methods, such )

as the liquefaction process, because the compression and Coonngonsequently, LN can theoretically store 10.4 wt % hydrogen.

of the hydrogen to 20 K consumes almost 30% of the hydrogen Furthermore, they ;ound that dNiH, can be partially decom-
energy! The H, adsorption on activated carbon, which has a P0sed to releasez? Therefore, the hydrogenation of:N and

very high surface area (156@000 n#/g), also requires a low the de_hydrogenation o_f the hydrogenatedN_iconstiltlute a
temperature (77 K) and a high pressuresQ atm)! Low H, reversible process, which can be used for dtbraget* Our

storage capacities and slow desorption kinetics are the draw-EXPeriments have shown that the complete recovery ¢ Li
backs of the metal hydrides. In recent years, the high, reversibleflom the hydrogenated compounds is a difficult process that

adsorption of H onto carbon nanotub&¥ has stimulated both ~ réduires high temperatures (above 48)) and long times. The
experimental and theoretical work for,Hstorage in carbon ~ US€ of such high temperatures produces sintering and the
nanomateriald:** However, it is still unclear how high recovered LN becomes ineffective. For this reason, the
hydrogen-storage capability can be reached by these nanostruci€Versible storage capacity ofsN is about Swt %.
tured carbon materiafs However, one critical issue with this N-based material is the
possibility of NH; generation during the hydrogenation ofMi
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1). In this paper, by using two-layer materials and short contact . ~ ~ = b
times between them and the carrier gas (He), we found that the 0.0x10/&—— 200 — ™ 500"
ultrafast reaction between NHand LiH inhibits the NH Temperature (°C)

generatlon.durlng the hydrogengtlon offiand preyents NEi Figure 2. Temperature-programmed decomposition mass spectra: (a)
to escape into the fstream during dehydrogenation. TLM-1 with a contact time of 110 ms; (b)TLM-2 with a contact time
of 110 ms; (c) TLM-1 with a contact time of 25 ms; (d) TLM-1 with

a contact time of 2.4 ms; (e) TLM-1 with a contact time of 110 ms
(exposed to air for 24 h before the experiment); (f) the two-layer
material, with LiNH; as the first layer and kO as the second one.

Experiments

Two types of two-layer materials were used: in one, denoted
TLM-1, LiNH » was the first layer and LiH the second one; in
the other (TLM-2), the order of the layers was inverted. The %
mole ratio of LiH to LiNH, was in both cases equal to 2. The
temperature-programmed decomposition mass spectrum (TP-
DMS) of these two-layer materials was performed as follows:

A carrier gas (He) was allowed to flow at 1 atm pressure through
the two-layer material (0.03 g; with an exception of 0.003 g
for the shortest contact time experiment), which was placed in
a fixed bed reactor located in an electric furnace, programmed
to heat at a rate of 3C/min. The gaseous products of the
decomposition of the first layer were passed by the carrier (He)
through the second layer, and finally, all the gaseous molecules,
including those produced in the second layer, were carried into
a mass spectrometer (HP Quadrupole, 5971 series mass selective
detector) equipped with a fast response inlet capillary system
to detect NH. Very high space velocities of the carrier gas were
used to achieve very short contact times between the gas
molecules and the two-layer materials (as short as 2.4 ms).

Results and Discussion

During the temperature-programmed decomposition of TLM-
1, in which the carrier gas (He) has passed first through the

LiNH, layer and then through the LiH layer, no Mhvas ? %
detected (Figure 2a). In contrast, for the reverse two-layer o a
10 20 3

material (TLM-2), in which the carrier gas (He) has passed first 0 20 50 50
through the LiH layer and then through the Libkyer, NH; 20

\évgg °?3€E|i(i:gt(lajcrjelgbt;1. enggﬁefgﬁiZt;ﬁg}%?mb: JV\tlﬁr%rllJ g k? an%igure 3. XRD patterns of TLM-1 after the tempgrature-pro_grammed
" . . decomposition: (a) first layer; (b) second layes) Li-NH; (O) LiNH;

the decomposition of LiNK but was captured by LiH. To (#) LiH: (*) LIOH; (O) Li,O.

examine how fast LiH has captured the Nférmed via the

LiNH > decomposition, millisecond contact times were employed.

For a contact time as short as 25 ms, Nirhs still completely is expected to escape into the stream when LN is used as
captured by LiH at all temperatures (Figure 2c). Even when storage material.
the contact time was as short as 2.4 ms, 99.7% of i¢idulted XRD was used to examine the phase transformations of the

from the LiNH, decomposition could be captured. Only 0.3% two-layer material (TLM-1) after the decomposition reaction.
of the NH; resulted from LiNH decomposition passed into the  As shown in Figure 3, LiNHof the first layer has decomposed
gas-phase stream (Figure 2d). This demonstrates that LiH canto Li,NH, whereas LiH of the second layer was transformed to
capture ultrafast the Ndformed during the Hrelease process  LioNH and LiNH,. The presence of kO and LiOH was a result

of the hydrogenated EN. Furthermore, in practice, the contact of the exposure of the sample to the atmosphere during the XRD
times are much longer than 3Ms, and hence no NHmpurity measurements and the reaction of LiH with the water from the
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atmosphere. Consequently, the following transformations oc- could no longer capture NfHIndeed, when LiH in TLM-1 was

curred:

2LiNH, — Li ,NH + NH,
NH, + LiH — LiNH,, + H,

The complete hydrogenation of N generated a mixture of
2LiH and LiNH; (LisN + 2H; — LiNH, + 2LiH).1>"% The
generation of a LiNH molecule was accompanied by the
formation of two LiH molecules. Because LiH reacts quickly
with NH3, the LiH generated via the $N hydrogenation could
capture all the NklIformed via the LiINH decomposition, and
NHj3 could not escape into thegl$tream during the Hrelease
process.

The ultrafast reaction between Nind LiH affected also
the product composition and prevented the formation of 3 NH
impurity during the hydrogenation process ofNi Because
Lio,NH was detected during the hydrogenation ofN,i* the
hydrogenation of LN is a multistep process: N was first
hydrogenated to LNH and LiH. Further, LiNH was hydro-
genated to LiNH and LiH, and LiNH was hydrogenated to
LiH and NHs. This means that for each Nlfolecule generated,

three LiH molecules were formed. Because the reaction between

LiH and NHs to LiNH5 is ultrafast, all NH was transformed to

LiNH . Consequently, the products of the complete hydrogena-

tion of LisN are LiNH, and LiH. In other words, the ultrafast
reaction between Niand LiH also inhibits the Nklformation
during the hydrogenation of §N.

However, for a two-layer TLM-1 that was previously exposed
to the atmosphere for 24 h, Nkvas detected during the TPD

(Figure 2e). This occurred because TLM-1 absorbed water from

the atmosphere, which oxidized LiH toJd. The L,O formed

completely replaced by O, three NH peaks were identified

in the TPD (Figure 2f). This observation indicates that if a
hydrogenated IsN was previously exposed to the atmosphere,
NHs is expected to escape into the, Htream during the
desorption process. Indeed, HlHvas detected during H
desorption from a hydrogenatedshi, which was previously
exposed to the atmosphere for 24 h.

In conclusion, the ultrafast reaction between LiH andzNH
prevents a Nhlimpurity to escape into the Hlow during the
entire H storage process. However, if the hydrogenatef\Li
was previously exposed to the atmosphere, some; H
expected to escape into the stream during the pdesorption,
due to the partial oxidation of LiH.
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