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The thermal dehydrogenation process of the KOH-containing Mg(NH,),-2LiH system was systematically investigated by

identifying changes in the structure and composition of its components by XRD and FTIR. During ball milling, the added
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KOH reacts with Mg(NH,), and LiH to produce MgO, KH and Li,K(NH,)s. During the initial heating process (<120 °C), the

newly formed KH and Li,K(NH,); react with Mg(NH,), and LiH to yield MgNH, LiNH, and LisK(NH,), along with a hydrogen
release. Raising the temperature to 185 °C results in a reaction between Mg(NH,),, MgNH and LiH that gives Li,Mg,N3H3 as

the product and further releases hydrogen. As the temperature is increased to 220 °C, Li,Mg,NsH3 reacts with LiNH, and

LiH to produce Li,MgN,H, and H,. Meanwhile, two parallel reactions between Li,Mg,NsHs, LisK(NH,), and LiH also generate

additional hydrogen. Specifically, the KH and Li,K(NH,)s, formed in situ during ball milling, serve as reactants in the

dehydrogenation

reaction of the Mg(NH,),-2LiH system, which is

responsible for the significantly improved

thermodynamics and kinetics of hydrogen storage.

Introduction

With an ever-increasing demand for safe, efficient and
economical hydrogen storage, a growing number of research
interests have included complex hydrides, including metal
alanates, borohydrides, and amides; ammonia borane; and
Among these complexes, metal
amide/hydride combination systems are regarded as one of
the most promising candidates due to their high hydrogen
capacities, flexible compositions and variable thermodynamics
and kinetics.®® In 2002, Chen et al. reported for the first time
that lithium nitride (LisN) could reversibly store 11.4 wt% of
hydrogen at elevated temperatures, and the resultant product
was a LiNH,-2LiH mixture.® Following this work, a variety of
metal amide/hydride combinations have been explored and
studied for their hydrogen storage properties.u'19 In particular,
the Mg(NH,),-2LiH moderate operating
temperatures, appropriate thermodynamics, good reversibility,
and a relatively high hydrogen capacity of 5.6 wt% and has
attention.”™*  More

. 1-7
amidoboranes.

system exhibits
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the thermodynamically predicated operating
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importantly,
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temperature is approximately 90 °C at 1 bar, which are close to
the practical conditions for proton exchange membrane fuel
cells (PEMFCs) that have been proposed by US Department of
Energy (DOE).ZO‘2
only been achieved at temperatures of up to 250 °C, which is
due to the high kinetic barrier.**™?

For hydrogen storage in the Mg(NH,),-2LiH system, there
have been numerous efforts devoted to reducing the
operating temperature and improving the reaction kinetics by

! However, sufficient hydrogen desorption has

introducing additives or catalysts, such as Li,MgN,H,, carbon
nanotubes, transition metals and their compounds, metal
borohydrides, compounds, so forth.?**°
Among these known additives and catalysts, alkali-metal
compounds have exhibited superior catalytic activities.>™° Liu
et al. have reported that partially substituting Mg or Li in
Mg(NH,),-2LiH with Na reduced the dehydrogenation
temperature by 10 °C. The majority of hydrogen desorption in
the Mg(NH,),-2LiH-0.5NaOH system was complete at a
temperature below 175 °C, more than a 30 °C reduction in

alkali-metal and

comparison with the pristine sample.31 In 2009, Wang et al.
disclosed that introducing a small amount of KH induced a
significant shift in the dehydrogenation peak temperature
from 186 °C to 132 °C.** More encouragingly, reversible
hydrogen storage could even proceed at a temperature as low
as 107 °C in a pressure-composition-temperature (PCT) model.
Such an improvement has stimulated intense interest, and
investigations have expanded to other K-, Rb- and Cs-based
compounds.ae"40
potassium halides and demonstrated that a sample with 0.08
KF added to Mg(NH,),-2LiH could reversibly store 5.0 wt%
hydrogen with an onset dehydrogenation temperature of
80 °C.34Additionally, a hydrogen release from Mg(NH,),-2LiH-

Recently, we have revealed the effects of
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0.07KOH had been observed to begin at ~ 75 °C and peak at
120 °C,35 which is superior to even the KH-containing sample.
It has been found that during ball milling the KOH reacts with
Mg(NH,), and LiH to form MgO, KH and Li,K(NH,)3, which work
together to improve the thermodynamics and kinetics of
hydrogen storage. Unfortunately, the detailed
dehydrogenation reaction process of the KOH-added
Mg(NH,),-2LiH system remains unclear.

In this work, the dehydrogenation reaction mechanism of
the Mg(NH,),-2LiH-0.07KOH system was systematically studied
by characterizing the changes in composition and structure at
different stages of the hydrogenation/dehydrogenation
process. It was determined that upon both dynamic heating
and isothermal dehydrogenation, KH and Li,K(NH,)s, which is
formed during ball milling, took part in the dehydrogenation
reaction of the Mg(NH,),-2LiH system as reactants and should
be the most important factor behind the significantly
improved hydrogen storage thermodynamics and kinetics.

Experimental section

Commercial chemicals LiH (98%) and KOH (95%) were
purchased from Alfa Aesar and Aladdin, respectively, and used
as received. Mg(NH,), was synthesized in our laboratory by
reacting Mg powder (Sinopharm, 99%) with ammonia at 7.0
bar and 300 °C. The Mg(NH,),-2LiH-0.07KOH sample was
prepared by ball milling the corresponding mixture under 80
bar H, in a planetary ball mill (QM-3SP4, Nanjing). A
homemade  Temperature-Programmed-Desorption (TPD)
system that was attached to an online mass spectrometer (MS)
and a PCTPRO-2000 Sievert-type pressure-composition-
temperature (PCT) apparatus were used to determine the
dehydrogenation behaviours. In a TPD experiment,
approximately 50 mg of sample was loaded and tested each
time using pure Ar as the carrier gas, and the temperature was
elevated at a rate of 2 °C/min. For a PCT measurement,
approximately 500 mg of sample was used and the operating
temperature was set at 140 °C.

The phase structures of samples were identified by means of
powder X-ray diffraction (XRD) using a PANalytical X'Pert
diffractometer equipped with Cu Ka radiation (40 KV and 40
mA). Data were collected from 10° to 90° (29) with step
increments of 0.05° at ambient temperature. A homemade
container was employed to prevent water and oxygen
contamination during sample transfer and scanning. Fourier
transform infrared (FTIR) spectra were recorded on a Bruker
Tensor 27 Fourier Transform Infrared Spectroscopy with a
resolution of 4 cm™. An air tight container was used to prevent
the powder sample from air and moisture contamination
during the measurements. Approximately 10 mg of powder
was loaded into the air tight container in a glovebox that was
filled with purified argon. Reflection mode was used and each
FTIR spectrum was created from an average of 32 scans.

Results and discussion

2 | Dalton Trans., 2015, 00, 1-9

The Mg(NH,),-2LiH-0.07KOH sample was prepared by ball
milling the corresponding mixture under 80 bar H, in a
planetary ball mill. To investigate the chemical processes that
occurred during thermal dehydrogenation, samples at
different stages of the dehydrogenation processes were
collected under non-equilibrium (TPD model) and equilibrium
(PCT model) conditions for the FTIR and XRD analyses. Fig. 1(a)
shows the typical TPD curve of the Mg(NH,),-2LiH-0.07KOH
sample. Hydrogen desorption started at ~ 75 °C and
terminated at 220 °C and was associated with a main peak at
155 °C and a shoulder at 120 °C. This is in excellent agreement
with our previous report.35 As shown in the TPD curve, five
samples were collected as non-equilibrium dehydrogenation
products at 100, 120, 160, 185 and 220 °C. Fig. 1(b) provides
the plot for the Mg(NH,),-2LiH-0.07KOH sample at 140 °C,
which demonstrates a typical PCT desorption curve. A plateau
in H content is observed from 4.9 to 1.8 wt%, and a sloping
region is noted for H content from 1.8 wt% to 0 wt%. As is also
shown in Fig. 1(b), five additional samples were collected at
hydrogen release of 0.55, 0.9, 2.1, 3.1 and 4.9 wt% as
equilibrium dehydrogenation products.

Fig. 2 presents the FTIR spectra of the Mg(NH,),-2LiH-
0.07KOH system as a function of temperature, i.e., at different
non-equilibrium dehydrogenation stages. The characteristic N-
H vibrations of Mg(NH,), at 3327 and 3272 cm™ were readily
apparent in the FTIR spectrum of the sample dehydrogenated
at 100 °C. A weak absorption peak centred at ~ 3193 cm™ was
also noted and can be assigned to the N-H stretch of poorly
crystallized MgNH, as reported previously.lg‘41 While the
dehydrogenation temperature was elevated to 120 °C, this
absorbance at 3193 cm™ intensified, but the relative
intensities of the Mg(NH,), peaks decreased, which suggests
the consumption of Mg(NH,), at elevated temperatures.
Further increasing the dehydrogenation temperature to 160 °C
resulted in the detection of the typical absorption peaks
assigned to LiNH, at 3312 and 3257 cm?, along with an
absence of the absorption peaks of Mg(NH,), at 3327 and 3272
em™. In particular, the N-H absorption belonging to the imide
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Fig. 1 TPD (a) and PCT (b) curves of the Mg(NH,),-2LiH-0.07KOH sample.
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Fig. 2 FTIR spectra of the dehydrogenated Mg(NH,),-2LiH-0.07KOH system as a
function of temperature.

shifted to a lower wavenumber (3185 cm™), which is in good
agreement with the spectrum of Li,Mg,NsH; (Fig. S1, ESIT).
These results indicate that at 120-160 °C, Mg(NH,), and MgNH
were consumed by reacting with LiH to give rise to the
formation of LiNH, and Li,Mg;N3Hs. As the temperature was
elevated to 185 °C, the N-H absorbance of the imide further
shifted to 3178 cm™ and the peaks attributed to LiNH, at 3312
and 3257 cm™ were weakened, which reveals that LiNH, was
consumed with the release of more hydrogen. After
dehydrogenation stopped at 220 °C, the absorption peak
centred at 3174 cm™ dominated the FTIR spectrum and is
assigned to the cubic Li,MgN,H, phase, according to the
literatures.?®*? Moreover, two weak and broad absorption
peaks centred at 3296 and 3257 cm'l, which are ascribed to
LisK(NH,),, were also observed in the FTIR spectrum.

Fig. 3 presents the XRD patterns of the Mg(NH,),-2LiH-
0.07KOH system as a function of temperature. As shown in Fig.
3, the characteristic peaks of Mg(NH,), and LiH were clearly
observed in the XRD pattern of the sample dehydrogenated at
100 °C, along with two new diffraction peaks at 30.1° and 51.1°.
Between 100 °C and 120 °C, these two newly developed peaks
intensified, whereas the diffraction peaks of Mg(NH,), and LiH
weakened. To identify the phase with diffraction peaks at 30.1°
and 51.1°, a newly designed sample, which released a quantity
of hydrogen in PCT mode that was identical to the amount
released during TPD, was prepared and collected for FTIR and
XRD analyses. The results are shown in Fig. 4. After releasing
0.55 wt% H, under conditions of equilibrium, six phases were
distinctly detected by means of XRD and FTIR: LiNH,, MgNH,
KH, MgO, LiH and Mg(NH,),. It is therefore believed that the
diffraction peaks at 30.1° and 51.1°, shown in Fig. 3, likely
belong to LiNH,. However, it is strange that no K-containing
phase was detected below 120 °C by means of XRD and FTIR.
To identify the status of potassium, an additional FTIR
spectrum was acquired on the Mg(NH,),-2LiH-0.2KOH sample
that was dehydrogenated at 100 °C. In addition to the typical
doublet N-H vibration of LiNH, at 3258 and 3312 cm™ and the

This journal is © The Royal Society of Chemistry 2015
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single peak belonging to MgNH at 3193 cm™, an asymmetric
shoulder at 3297 cm™ was also observed although its intensity
was rather weak. It is possible that this feature originates from
a new lithium potassium amide LisK(NH,); (Fig. S2, ESIT).
Recent investigations have also revealed that KNH, could react
with LiNH, to form LisK(NH,), at a low temperature of 100 °C.**
We therefore deduce that Li,K(NH,); and KH formed during
ball milling and then reacted with LiH and Mg(NH,), to
generate LisK(NH,), and MgNH upon heating. However, the
low concentration, as well as a peak position adjacent to
Mg(NH,), and LiNH,, make detection of the LizK(NH,), phase in
the Mg(NH,),-2LiH-0.07KOH sample with XRD and FTIR difficult.

Further elevating the dehydrogenation temperature to
160 °C resulted in a weakening of the typical diffraction peaks
associated with Mg(NH,), and LiH, while those of Mg(NH,),
disappeared (Fig. 3), which represents the complete
consumption of Mg(NH,),. However, the newly developed
diffraction peaks at 30.1° and 51.1° were further intensified
and accompanied by a slight high-angle shift, in addition to the
emergence of a peak at 60.6°, which probably correspond to
the LiNH, and Li,Mg,N3H; phases that were observed by FTIR
(Fig. 2). After dehydrogenation at 185 °C, a broad diffraction
peak was observed in the 20 range of 12.8-22.4°, which may
originate from the overlapping diffraction peaks of LiNH,,
Li,Mg,N3H; and Li,MgN,H,, because they all appear in this
region.*® For the sample dehydrogenated at 220 °C, the
diffraction peaks assigned to the cubic Li,MgN,H, phase were
presented in the XRD pattern.

On the basis of the above discussion, we attempt to picture
the chemical process during thermal dehydrogenation of the
post-milled Mg(NH,),-2LiH-0.07KOH system. As has been
reported previously,35 the added KOH reacted with Mg(NH,),
and LiH to give rise to the formation of MgO, KH and Li,K(NH,)s.
As a consequence of this, the Mg(NH,),-2LiH-0.07KOH system
converted to a more complicated composite with the
composition 1.93Mg(NH,),-1.907LiH-0.023KH-0.047Li,K(NH,);-
0.07MgO.

A Mg(NH,), oLiH VLINH, «LiMgNH, vLi,MgN,H, vMgO
- A Dehy at 100 °C
X v N ehy at o
f\. v
= o X v v & Dehy at 120 °C
“ N
~
= -
1) 0 vo . * Dehy at 160 °C
c
2
£ §v; Dehy at 185 °C
v Dehy at 220 °C
V. v v v v y
T T T T T T T
10 20 30 40 50 60 70 80 90

26 ()

Fig. 3 XRD patterns of the dehydrogenated Mg(NH;),-2LiH-0.07KOH system as a
function of temperature.
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Fig. 4 FTIR spectrum (a) and XRD pattern (b) of the Mg(NH,),-2LiH-0.07KOH

system with a 0.55 wt% hydrogen release..

Mg(NH,), +§LiH+KOH - %LizK(NHZ )3+Mg0+éKH+H2 (1)

During the initial heating process (<120 °C), the reaction
between KH, Li,K(NH,)s;, Mg(NH,), and LiH first yielded MgNH,
LiNH, and LizK(NH,),, along with a hydrogen release.

KH +2Li,K(NH, ), + 20Mg(NH,), + 19LiH
——>20MgNH + 14LiNH, +3Li,K(NH, ), +20H,

(2)
Further raising the operating temperature to 185 °C produced
Li,Mg,N3H;, depleted MgNH and Mg(NH,),, and decreased the
amount of LiH.

Mg(NH,),*MgNH + 2LiH — Li,Mg,N H,+2H, (3)

As the temperature was increased to 220 °C, Li,MgN,H, was
detected as the resultant product, whereas LiNH,, LiH and the

previously produced Li,Mg,N3;H3; were consumed.
Li,Mg,N,H,+LiNH,+LiH — 2Li,MgN,H,+H, (4)

In the present study, ~ 0.023 mol KH and 0.047 mol Li,K(NH,);
were formed after ball milling the mixture of Mg(NH,),-2LiH-
0.07KOH, as mentioned above. Therefore, the theoretical
hydrogen release from reactions (2)-(4) were calculated to be
approximately 1.23, 2.43, and 0.86 wt% versus the post-milled
Mg(NH,),-2LiH-0.07KOH system. In total, only 4.52 wt% of
hydrogen is released from the abovementioned reactions,
which is clearly lower than the experimental result (4.92 wt%)
that has been previously reported.35 Therefore, we speculate
that an additional reaction took place between 185-220 °C.
Further analyses revealed that the ~ 0.134 mol Li,Mg,N3;H; and
0.218 mol LiH first thought to be produced during reactions
(2)-(4) were overestimated. Thus, it is believed that the
additional hydrogen originated from the chemical reaction
between Li,Mg,NsH3 and LiH.

2Li,Mg,N,H,+2LiH — Li,MgN,H, +2Li,NH+Mg,N,+2H,

(5)

4 | Dalton Trans., 2015, 00, 1-9

Theoretically, ~ 0.35 wt% of hydrogen (versus the post-
milled Mg(NH,),-2LiH-0.07KOH) can be evolved from reaction
(5), which is provided by reacting 0.134 mol Li,Mg,N3H; with
0.134 mol LiH. Such a reaction was directly verified by
preparing the Li,Mg,N3sHs-LiH mixture (Fig. 5). Moreover, the
presence of LizK(NH,), and MgO dramatically decreases the
dehydrogenation temperature of the Li,Mg,N3H3-LiH mixture.
However, it should be noted that the newly designed
0.134Li,Mg,N3H;-0.218LiH-0.07LisK(NH,),-0.07Mg0  sample
liberates ~ 0.52 wt% of hydrogen (versus the post-milled
Mg(NH;),-2LiH-0.07KOH), which is higher than the theoretical
hydrogen capacity of reaction (5). We therefore deduce that at
this temperature the chemical reaction between a portion of
LisK(NH;), and an excess of LiH may further proceed to release
more hydrogen. As shown in Fig. 6, the 0.084LiH-
0.07Li3K(NH,)4-0.07Mg0O sample released ~ 0.21 wt% of
hydrogen (versus the post-milled Mg(NH,),-2LiH-0.07KOH) to
form the resultant product of a new imide-amide complex with
the chemical formula LigK(NH)3(NH,). A similar mixed imide-
amide complex of KMg(NH)(NH,) in the Mg(NH,),-KH system
was also observed by Wang et al.*”®

3LiH+Li,K(NH, ), — Li, K(NH),(NH,)+3H,  (6)

Thus, 0.084 mol LiH can react with 0.028 mol Li;K(NH,), to
release a theoretical maximum of 0.22 wt% of hydrogen,
which results in residual LisK(NH,), in the final product after
full dehydrogenation (Fig. 6). Moreover, it should be noted
that the rapid hydrogen desorption from the 0.084LiH-
0.07Li3K(NH,),-0.07Mg0O sample only occurs above 185 °C,
implying that LisK(NH,), may remain essentially unchanged in
the temperature range of 120-185 °C. Taking into account
reactions (1)—(6), a total dehydrogenation capacity of 5.09 wt%
was achieved for the post-milled Mg(NH,),-2LiH-0.07KOH
sample, which is in excellent agreement with a previous
experimental result.®® Here, it should be pointed out that the
low concentration, and/or the structural similarity of Li,NH,
MgsN, and LigK(NH)3(NH,) with Li,MgN,H, are responsible for
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Fig. 5 TPD (a) and volumetric release (b) curves of the designed Li,Mg,NsH3-LiH

system and the FTIR spectrum (c) and XRD pattern (d) of the sample after
dehydrogenation.
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Fig. 6 Volumetric release curve (a) of the designed LisK(NH,),-LiH system and the FTIR
spectrum (b) of the sample after dehydrogenation.

the inability to detect the latter compound by XRD and FTIR
during dehydrogenation of the Mg(NH,),-2LiH-0.07KOH system,
as shown in Fig. 2 and 3.

To verify reactions (3)-(6), a new mixture with the
composition of 0.47Mg(NH,),-1.471LiH-0.46MgNH-0.322LiNH,-
0.07Li3K(NH,),-0.07MgO, which corresponds to the first-step
dehydrogenation product, was designed and prepared. It was
observed that the sample prepared by low-energy ball milling
exhibited a very similar dehydrogenation behaviour to the
second-stage dehydrogenation that was observed at increased
temperatures, as shown in Fig. 7. This provides strong
evidence for reaction (2). Moreover, the fact that only one
major peak was observed for the second-stage
dehydrogenation in the TPD curve reveals that reactions (3)—(6)
likely possess very similar kinetics, as mentioned above.

Further FTIR and XRD analyses on the dehydrogenated
Mg(NH,),-2LiH-0.07KOH system under equilibrium conditions
were conducted to confirm the above structural change, as
shown in Figs. 4 and 8. It was found that the samples that
released 0.55 and 0.9 wt% hydrogen primarily consisted of
Mg(NH,),, LiNH,, MgNH, KH, LiH and MgO. After liberating 2.1

—— Mg(NH,),-2LiH-0.07KOH 500rpm
—— 0.47Mg(NH,),-1.471LiH-0.46MgNH-0.326LiNH,-0.07Li, K(NH,),-0.07MgO

Intensity (a.u.)

—7r1r 1T 11111 1 1T 17
25 50 75 100 125 150 175 200 225 250 275 300
Temperature (°C)

Fig. 7 Comparison of the TPD curves for the Mg(NH;),-2LiH-0.07KOH and
0.47Mg(NH,),-1.471LiH-0.46MgNH-0.322LiNH,-0.07LisK(NH,),-0.07MgO samples.

This journal is © The Royal Society of Chemistry 2015

5aCtioNS: 1 1

ARTICLE

(b) #Mg(NH,), 0LiH vMgO #LiNH,
+KH vLi,MgNH, * MgNH

Dehy 0.9 wt% Li,MgN,H,

—_ P .

: 33277\ |
3 3312 | 3o
s A2 Dehy 2.1 wt% ’; A
[ L - # JDehy 0.9 wt%
e i &
s oy Dehy 3.1 wt% | 2
£ 11 3185 B
E Lo c Dehy 2.1 wt%

'

2 : Z
© Dehy 4.9 wt%| =
= 3185 > " Dehy 3.1 wt%

3297
3257

3174 Dehy 4.9 wt%

T T T LA DL I B LA L B
3600 3400 3200 3000 2800 10 20 30 40 50 60 70 80 90
Wavenumber (cm™) 209

Fig. 8 FTIR spectra (a) and XRD patterns (b) of the dehydrogenated Mg(NH,),-
2LiH-0.07KOH system while at equilibrium.

and 3.1 wt% hydrogen, Li,Mg,N;H; was detected, and
Mg(NH,), and MgNH were absent (Fig. S3, ESIt). With a
hydrogen release of 4.9 wt%, Li,MgN,H, and LizK(NH,), were
the only phases identified by XRD and FTIR. At first glance, the
dehydrogenation process resembles the non-equilibrium state.
However, unlike the TPD experiment, it is interesting to note
that KH was distinctly detected in the dehydrogenation
process under equilibrium conditions and was gradually
consumed by the release of hydrogen, which concurs with the
results reported by Wang et al.* This is possibly because
Li-K(NH,); reacts with LiH in the presence of hydrogen to
convert into LizK(NH,)4, LINH, and KH.

2Li,K(NH,),+LiH —*— Li,K(NH, ), +2LiNH, +KH (7)

Such a reaction was proved by heating a mixture of Li;K(NH,)3-
LiH under 100 bar of hydrogen and at 140 °C, as shown in Fig. 9.
Clearly, the hydrogenated Li,K(NH,);-LiH sample was mainly
composed of LisK(NH,),, LiINH, and KH. Additionally, after
heating the 7LiNH,-KNH, mixture up to 300 °C in an ammonia
atmosphere, the resultant product continued to consist of
LisK(NH,), and LiNH,, which further confirmed the good

(b)

A LK(NH,), oLINH, o KH

(a)

Li,K(NH,),-LiH at 140 C for 36 h
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Fig. 9 FTIR spectrum (a) and XRD pattern (b) of the Li,K(NH,)s-LiH sample after
heating at 140 °C and with 100 bar of hydrogen.
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thermodynamically stability of LizK(NH,),. However, as the
hydrogen pressure was lower than a specific value, it is likely
that KH proceeded to react with Li,Mg,N3H3, LiNH, and LiH to
yield LizK(NH;)4 and Li;MgN,H,. Under equilibrium conditions,
this process is responsible for the disappearance of KH and the
generation of LizK(NH,), after complete dehydrogenation, as
shown in Fig. 9. Consequently, we can deduce that hydrogen
desorption from the post-milled Mg(NH;),-2LiH-0.07KOH at
equilibrium possibly underwent a slightly different reaction
process with respect to the dynamic desorption. In addition, it
is worth mentioning that Wang et al. have recently reported
that KH could react with Mg(NH,), to yield K,;Mg(NH,);, MgNH
and hydrogen between 60-180 °C.* However, FTIR peaks that
were associated with K,Mg(NH,), at 3355, 3331, 3303, 3283,
3234, and 3225 cm™ were not been detected in the Mg(NH,),-
2LiH-0.07KOH system in the present study, which may be due
to the presence of Li,K(NH,); and LiH, which could change the
reaction pathways of the Mg(NH,),-KH system.

Conclusions

In this study, the detailed dehydrogenation process of the
KOH-containing Mg(NH,),-2LiH system was investigated by
characterizing the changes in the structure and composition at
different stages of the process. Upon dynamic heating, the KH
and Li,K(NH,);, which was formed in situ in the ball milling
process, first reacted with Mg(NH;), and LiH to yield MgNH,
LiNH, and LisK(NH,),;, along with the release of hydrogen (<
120 °C). Subsequently, the reaction between Mg(NH,),, MgNH
and LiH produced Li,Mg,N3H; and a further release hydrogen
(120-185 °C). Finally, Li,Mg,N3H3 reacted with LiNH, and LiH to
form Li,MgN,H, and H, (185-220 °C). At the same time, a
series of parallel reactions between Li,Mg,N3Hj3, LizK(NH,), and
LiH proceeded to release additional hydrogen. Consequently,
the reactivity of K-based compounds should be the most
important factor behind the significantly improved
thermodynamic and kinetic properties associated with

hydrogen storage in the KOH-containing Mg(NH,),-2LiH system.

In an isothermal experiment, however, KH remained constant
throughout the initial dehydrogenation stage (< 3.1 wt%) and
was then converted to LisK(NH,), upon the further release of
hydrogen. Thus, a slightly different reaction process occurred,
with respect to the dynamic desorption, due to the presence
of hydrogen in the reaction environment.
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