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Abstract: To modify the thermodynamics and kinetic performance of magnesium hydride (MgH,) for solid-state
hydrogen storage, Ni3V,03-rGO (rGO represents reduced graphene oxide) and Ni3V,0Og nanocomposites were prepared
by hydrothermal and subsequent heat treatment. The beginning hydrogen desorption temperature of 7 wt.%
Ni3V203-rGO modified MgH, was reduced to 208 °C, while the additive-free MgH, and 7 wt.% Ni3V,0s doped MgH,
appeared to discharge hydrogen at 340 and 226 °C, respectively. A charging capacity of about 4.7 wt.% H, for MgH, +
7 wt.% Ni3V,05-rGO was achieved at 125 °C in 10 min, while the dehydrogenated MgH> took 60 min to absorb only
4.6 wt.% H> at 215 °C. The microstructure analysis confirmed that the in-situ generated Mg>Ni/Mg,NiHy and metallic V
contributed significantly to the enhanced performance of MgH,. In addition, the presence of rGO in the MgH, +
7 wt.% NizV2035-rGO composite reduced particle aggregation tendency of Mg/MgH,, leading to improving the cyclic

stability of MgH> during 20 cycles.

Key words: hydrogen storage properties; MgHb»; graphene-loaded Ni—V bimetal oxides; catalytic mechanism

1 Introduction

In recent decades, hydrogen energy has
advanced quickly as a viable replacement for
the conventional fossil fuels to address the
world’s energy dilemma and environmental
degradation [1-3]. However, the efficient and safe
storage of hydrogen remains a major obstacle to
realize a hydrogen-based economy [4,5]. Because
of its good capacity and security, solid-state
hydrogen storage receives a huge amount of
attention [6]. With the merits of high hydrogen
capacity (7.6 wt.%), availability, low cost and
safety, MgH> has been regarded as one of the best
materials for solid-state hydrogen storage [7—9].

Nevertheless, sluggish kinetic characteristics and
high thermo-dynamic stability of MgH, prevent
it from being used in cars and other forms of
transportation [10,11]. In order to accomplish the
practical application of Mg-based composites,
many investigations have been committed to
resolving the inherent faults of MgH>, including
surface modification [12], nano-sizing [13,14],
compositing and catalyzing [15—17].

Among the aforementioned strategies, adding
catalysts to MgH, by means of ball-milling has
been shown to be a practical and effective technique
to regulate the performance of MgH, [18,19].
Meanwhile, the incorporation of transition metals
and their complexes as catalysts is one of the most
prominent studies [20]. In particular, Ni- and V-
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related catalysts can efficiently enhance the hydrogen
absorption/desorption kinetics of MgH» [21,22]. For
example, SI et al [23] found that the Mg + 5 wt.%
nano-Ni composites significantly decreased the
beginning desorption temperature to 180 °C and
remarkably increased the absorption kinetics when
compared to pure MgH,. HUANG et al [24]
prepared an efficient transition metal-based catalyst
from metal organic frameworks (MOFs) and found
that the Ni@C-MXene doped MgH, displayed high
cycle stability and excellent hydrogen absorption/
desorption kinetics. WANG et al [25] discovered
that adding 9 wt.% V203@C could reduce the initial
desorption temperature of MgH, from 275 to
215 °C. In addition, the MgH, + 9 wt.% V,0:@C
composite could complete rehydrogenation within 3
min at 200 °C.

In addition, numerous studies demonstrated
that double transition metal-based catalysts were
frequently more effective than single transition
metal-based catalysts for improving the hydrogen
storage characteristics of MgH, [26—28]. For
instance, MENG et al [29] revealed that the
addition of V4Nb;sOss microspheres to MgH,
through ball milling remarkably lowered the initial
dehydrogenation temperatures by about 125 °C.
During rehydrogenation/dehydrogenation processes,
V, Nb, NbH,, and NbO, were in-situ produced,
which synergistically enhanced hydrogen storage
performance of MgH,. ZHANG et al [30] observed
that about 5.24 wt.% H, was desorbed from 5 wt.%
Ni/TiO, doped MgH, within 30 min at 250 °C,
while as-prepared MgH, could discharge 1.1 wt.%
H, at 300 °C. Moreover, for retaining a high hydrogen
storage capacity during the dehydrogenation/
rehydrogenation cycles, carbon materials have been
demonstrated to be effective in avoiding the
agglomeration of metal nanoparticles [31,32]. LU
et al [33] reported that the ability of MgH» + 10 wt.%
TiFe to store hydrogen decreased from 6.6 wt.% to
5.8 wt.% after 10 cycles. In contrast, the hydrogen
storage kinetics and content of 10 wt.% TiFe +
5 wt.% CNTs-doped MgH, remained steady without
visible drop. JI et al [34] also revealed that the
hydrogen capacity of MgH>+ 5 wt.% FeNi/rGO
was preserved even after 50 cycles without altering
the cycle kinetics.

Inspired by the above encouraging results,
Ni—V bimetal oxides with and without rGO were
designed and synthesized using a hydrothermal

technique and subsequent high-temperature
calcination. Additionally, it has been established
that the prepared Ni3V,03-rGO nanocomposite had
an outstanding catalytic effect for boosting the
hydrogen absorption/desorption  behavior of
MgH,. Through hydrogen storage
and microstructure studies, the latent catalytic
mechanism of NizV,03-rGO on enhancing the
hydrogen storage property of MgH, was discussed
in detail.

evaluation

2 Experimental

2.1 Synthesis of Ni3V,0s and NizV,05-rGO

Graphene oxide (GO) solution (5 mg/mL) was
purchased from Tanfeng Tech. Inc. (Jiangsu
Province, China). Orthovanadate (Na;VO., AR),
ammonia (NH3-H,O, 25 wt.%) and nickel nitrate
hexahydrate (Ni(NO3),-6H2O, 99.9 wt.%) were
acquired from Maclin and utilized without
purification. By using a straightforward hydrothermal
and subsequent heat treatment process, the NizV,Os-
rGO was synthesized. In detail, 25 mL deionized
water was used to dissolve 2 mmol NasVOs at
80 °C. When the temperature of the solution was
cooled to room temperature, 3 mL NH3-H,O, 3 mmol
Ni(NO3)2, and 10 mL GO (5 mg/mL) solution were
gradually supplemented with continuously stirring.
After that, the combined mixture was transferred to
a 100 mL Tenflon-lined autoclave and maintained at
180 °C for 12 h. The acquired sample was then
repeatedly rinsed with distilled water and ethanol
before being cool-dried for 24 h to produce the
precursor. Finally, Ni3V,03-rGO was obtained after
the heat treatment for 3 h with floating N, at 450 °C.
NizV,0s was prepared using an analogical
procedure without GO solution.

2.2 Preparation of MgH,-based hydrogen storage
materials

MgH, was prepared in the laboratory [35—37].
MgH, was milled for 6 h in an environment of
argon with xwt.% as-prepared Ni3;V,05-1GO
(x=5, 7, and 10) to get the MgH,+ Ni3V,05-rGO
composites. The milling speed was 400 r/min, and
the ball-to-powder mass ratio was 40:1. Meanwhile,
MgH,+ 7 wt.% NizV20g was also prepared under
the similar operating conditions. All procedures
were carried out in an Ar-filled glovebox to avoid
contamination (high purity argon, 99.9%).
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2.3 Sample characterization

The phase composition and microstructure
of the specimens were investigated by X-ray
diffractometer (XRD, PANalytical, the Netherlands,
Cu K, radiation), high resolution transmission
electron microscope (HRTEM, JEM—2010 UHR)
and transmission electron microscope (TEM, Tecnai
G2 F30, operated at 300 kV) with an energy
dispersive spectroscopy (EDS, M—6360LV, JEOL).
Lab-made Sieverts-type device was applied to
testing the experimental data of hydrogen
absorption and desorption. The isothermal
dehydrogenation was carried out at 215, 225, 250
and 275 °C, respectively. Meanwhile, isothermal
rehydrogenation was performed at various
temperatures (75, 100, 125 and 150 °C) under a
starting hydrogen pressure of 3.2 MPa.

3 Results and discussion

3.1 Microstructure of as-prepared catalysts
Figure 1 presents the XRD patterns of the two
obtained samples, with peaks centered at 26 values
of 18.8°, 30°, 35.9°, 36.9°, 43.3°, 57.7°, and 62.0°.
The peaks matched well with the Ni3V,Og standard
card (PDF#97-000-2646), including side peaks at
around 75°. Moreover, the XRD peaks of NizV,0s-
rGO were wider and weaker than those of Ni3V,0Os,
indicating that the crystal size of NizV,0s in
NizV205-rGO was smaller [38,39]. TEM analysis
was carried out to investigate the microstructure of

NizV,05-rGO  nanocomposite. As shown in
Fig. 2(a), it was clear that dark dots ranging from 5
to 20 nm in size were anchored to the surface of
graphene layers. The SAED pattern (Fig. 2(b))
exhibited diffraction rings of (122), (042) and (442)
planes, which could easily be indexed to the
crystal planes of Ni3V20g. The interplanar spacing
of 0.25 and 0.145 nm in HRTEM coincided with the
(122) and (442) planes of Ni3V.0s (Fig. 2(c)).
Besides, the EDS mapping of a selected region
shown in Fig. 2(d) proved that the nanocomposites
consisted of Ni, V, O, and C. Combining XRD
patterns with TEM results, it is proved that
NizV20s5-rGO nanocomposites were successfully
synthesized.
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Fig. 1 XRD patterns of Ni3V,05-rGO (a) and NizV,0s (b)
nanocomposites

Fig. 2 TEM (a), SAED (b) and HRTEM (c) images, and STEM-HAADF image with corresponding EDS mappings (d)

of as-prepared Ni3;V,05-rGO nanocomposite
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3.2 Hydrogen desorption performance of NizV,0s-
rGO and Ni3V,0s doped MgH;

To evaluate the catalytic effects of NizV,Os-
rGO and NizV>0g on hydrogen desorption
capabilities of MgH,, isothermal and non-
isothermal experiments were operated. The non-
isothermal dehydrogenation curves of additive-free
MgH; and MgH, doped with NizV,05-1GO (5 wt.%,
7 wt.%, and 10 wt.%) are shown in Fig. 3(a). It
was obvious that NizV,0s-rGO had a significant
impact on lowering the beginning dehydrogenation
temperature of MgH,. For as-prepared MgH,, its
starting hydrogen discharge temperature was as high
as 340 °C. However, the MgH>+ 5 wt.% Ni3V;,0s-
rGO, MgH,+ 7 wt.% NizV,05-rGO, and MgH,+
10 wt.% NizV203-rGO could desorb hydrogen at
remarkably decreased temperatures of 217, 208, and
205 °C, respectively. Although MgH>+ 10 wt.%
Ni3V,0s5-rGO showed a 3 °C drop in the beginning
dehydrogenation temperature compared to MgH, +
7 wt.% NizV,05-rGO, the hydrogen release rate and
capacity were reduced. Considering its hydrogen
desorption performance and storage capacity,
MgH; + 7 wt.% NizV205-1GO was chosen for the
next detailed investigation. In addition, Fig. 3(b)
presents the non-isothermal dehydrogenation curves
of 7wt.% Ni3V20s-rGO and NizV,0s doped MgHo.
The beginning dehydrogenation temperature of
7 wt.% NizV203-rGO modified MgH, was further
reduced to 208 °C, indicating a better catalytic
effect of Ni3V,03-rGO over NizV20s.

To deeply investigate the influence of
NizV205-rGO  and NizV,0s on the kinetic
performance for MgH,, isothermal dehydrogenation
curves at various temperatures were performed
(Fig. 4). It was demonstrated in Fig. 4(a) that the
desorption kinetics could be greatly improved by
the addition of NizV,05-rGO, which just needed
less than 10 min to complete the dehydrogenation
process at 250 and 275 °C, respectively. Meanwhile,
around 2.2 wt.% H, was released within 60 min at a
lower temperature of 225 °C. As shown in Fig. 4(b),
the NizV,0s-doped sample reluctantly discharged
0.87 wt.% H, and 3 wt.% H, at 215 and 225 °C
within 1 h, respectively. Furthermore, it took about
50 min to finish the dehydrogenation process at
250 °C and 8 min at 275 °C. Figure 4(c) reveals the
isothermal dehydrogenation curves of MgH> at 315,
335, 355, and 375 °C, respectively. At 335 °C,
around 4.0 wt.% H; was desorbed within 25 min,
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Fig. 3 Non-isothermal dehydrogenation curves of MgH>-
milled and Ni3V,05-rGO doped MgH> (a), and MgH, +
7 wt.% NizV,203-rGO and MgH, + 7 wt.% Ni3V,0s (b)

while it took 60 min to discharge the same amount
of hydrogen at 315 °C.

To better compare the impact of Ni3V,0s-rGO
and Ni3V»0s on the kinetic performance of MgH,,
the isothermal dehydrogenation experiment at
250 °C was conducted (Fig. 4(d)). At 250 °C, MgH, +
7 wt.% NizV20g required 38 min to discharge 6 wt.%
H,. In comparison, MgH>+ 7 wt.% NizV,03-rGO
reached the same amount of hydrogen in just 8 min.
Amazingly, compared to MgH>+ 7 wt.% NizV,0s,
the dehydrogenation rate for MgH>+ 7 wt.%
NizV203-rGO was 4.15 times greater (Fig. 4(d),
inset). The aforementioned experimental results
demonstrated that graphene-anchored Ni3V,0s
nanoparticles could further improve the hydrogen
release capability of MgH,. Moreover, Table 1
summarized the hydrogen release performance of
various modified MgH, systems from published
references. The MgH>+ 7 wt.% NizV203-rGO
exhibited the best dehydrogenation property, which
began to desorb hydrogen at 208 °C and released
6.3 wt.% H, within 10 min at 250 °C.
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Fig. 4 Isothermal dehydrogenation curves of MgH,+ 7 wt.% Ni3V,03-rGO (a), MgH>+ 7 wt.% NizV,0s (b), MgH»-
milled (c), MgH>+ 7 wt.% Ni3V,03-rGO and MgH,+ 7 wt.% Ni3V,0s at 250 °C (d) (Inset in (d) shows hydrogen
desorption rate for MgH, + 7 wt.% Ni3V,03-rGO and MgH> + 7 wt.% NizV,0s)

Table 1 Dehydrogenation performance for Mg-based composites

Initial Isothermal dehydrogenation performance
Sample desorption Dehydrogenation Reaction Reaction Source
temperature/°C content/wt.% temperature/°C time/min

MgH,—VB, 250 6 275 30 [1
MgH,—CoMoO4/rGO 5.2 250 60 [2]
MgH,—NiO/ALO3 240 4.6 275 58 [4]
MgH,~FeOOH NDs@G 229.8 2.4 275 60 [3]
MgH>—Ni@C-MXene 230 [17]
MgH,—Ni3(VOs4)2 210 4.5 250 60 [27]
MgH,—SrFe;2019 270 4.8 320 60 [28]
MgH,—CoTiOs3 275 [16]

MgH,—Ni3V,05-rGO 208 6.3 250 10 This work

To comprehend the improvement in kinetics,
the activation energy values of MgH,, 7 wt.%
Ni3V,0g modified MgH, and MgH,+7 wt.% Ni3V,0g-
GO were calculated. In addition, the dehydrogenation

activation energy (F.) was

determined using

experimental data, the JMAK linear equation [40],
and the Arrhenius equation [41,42]. Figures 5(a, c, e)
demonstrate a strong linear relationship between
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Fig. 5 JIMAK plots of MgH>+ 7 wt.% NizV205-rGO (a), MgH>+ 7 wt.% NizV20g (c) and MgH,-milled (e), and
Arrhenius plots of MgH>+ 7 wt.% NizV20s-rGO (b), MgH> + 7 wt.% NizV,0s (d) and MgH,-milled (f) (a represents

reaction conversion; k represents reaction rate constant)

hydrogen release capacity and time. Additionally, it
was evident that dehydrogenation evolution activation
energy of the prepared MgH» reached 153.39 kJ/mol
(Fig. 5(f)). With the addition of 7 wt.% Ni3zV,0s-
rGO and 7 wt.% NizV20s, the hydrogen desorption
activation energies were further decreased to 95.52
and 120.63 kJ/mol (Figs. 5(b, d)).

3.3 Hydrogen absorption performance of Ni;V,0s-

rGO and Ni3V,0s doped MgH,
For investigating the catalytic

effect of

Ni3V,05-rGO and Ni3V:0s on hydrogen absorption
reaction, hydrogen absorption experiments for
MgH2+ 7 wt.% NizV,05-rGO and MgH,+ 7 wt.%
Ni3V20s were conducted. Figure 6(a) compares the
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Fig. 6 Non-isothermal hydrogen absorption curves of
MgH; + 7 wt.% NizV,03-rGO and MgH,-milled (a), and
MgH,+ 7 wt.% NizV,05-rGO  and MgH>+ 7 wt.%
Ni3V20s (b)

non-isothermal hydrogen absorption results for
7 wt.% NizV,05-rGO doped MgH, and MgH,-
milled samples. For MgH» + 7 wt.% NizV203-rGO,
its initial hydrogen absorption temperature was
decreased to room temperature, while MgH,
required temperature above 140 °C before it could
absorb hydrogen. When the temperature reached
150 °C during non-isothermal hydrogen absorption
process, the amount of hydrogen absorbed by MgH, +
7 wt.% Ni3V,0s-rGO was 5.9 wt.%. However, the
as-prepared MgH, was reluctant to absorb hydrogen
under the same condition. To investigate the
influence of rGO on the catalytic effect of NizV,Os,
the non-isothermal rehydrogenation curves of 7 wt.%
Ni3V203-rGO and 7 wt.% NizV,0z modified MgH,
were compared, as displayed in Fig. 6(b). Clearly,
the MgHx+ 7 wt.% Ni3V,05-rGO exhibited lower
rehydrogenation temperature and faster hydrogen
absorption rate. In particular, when the temperature
reached 100 °C, the MgH>+ 7 wt.% NizV,05-rGO
charged 4 wt.% Ha, which was 1.5 wt.% higher than

the hydrogen absorption by MgH,+ 7 wt.% NizV20s.

To assess the hydrogen absorption kinetic
performance of MgH,+ 7 wt.% NizV,03-rGO and
MgH,+ 7 wt.% NizV20g, isothermal hydrogen
absorption tests were conducted at different
temperatures (Fig. 7). Furthermore, for a more
perceptible comparison, the isothermal hydrogen
absorption curves of MgH» were also compiled. As
shown in Fig. 7(a), even at 75°C, the fully
dehydrogenated 7 wt.% Ni3V,03-rGO doped MgH,
could charge 3.5 wt.% H, within 60 min. At 125
and 150 °C, the dehydrogenated MgH,+ 7 wt.%
NizV205-rGO absorbed 4 wt.% H» and 5.3 wt.% H>
within 5 min, respectively. Figure 7(b) showed that
the MgH,+ 7 wt.% Ni3V,0s sample could charge
2.8 wt.% H» within 60 min at 75 °C. When kept at
125 and 150 °C for 10 min, the composite absorbed
3.3 wt.% H; and 5 wt.% Ho, respectively. The pure
MgH, required higher operating temperature to
attain the equivalent rehydrogenation effect as the
MgH, + 7 wt.% Ni3V,0s-rGO and MgH,+ 7 wt.%
Ni3V,0g (Fig. 7(c)). At 215 and 235 °C, the MgH»
demonstrated comparatively sluggish hydrogen
absorption kinetics by charging 4.6 wt.% H, and
5.8 wt.% H, within 60 min. Clearly shown in
Fig. 7(d), MgH,+ 7 wt.% NizV,05-rGO charged
4.5 wt.% H» within 7.8 min at 125 °C, while MgH, +
7 wt.% Ni3V,0s took 34.9 min to reach the equal
amount of rehydrogenation capacity under identical
condition. Noteworthy, the hydrogen absorption
rate of MgH,+ 7 wt.% NizV,05-rGO was 3.48
times faster than that of 7 wt.% Ni3V,0s doped
MgH, at 125 °C (Fig. 7(d), inset).

3.4 Cycling features of MgH,+ 7 wt.% Ni3V,0s-
rGO and MgH;+ 7 wt.% Ni3V,0s composites

As mentioned above, the MgH,+ 7 wt.%
Ni3V203-rGO system performed superior in terms
of hydrogen storage. In light of this, its cyclic
stability was further assessed, which was necessary
for commercial application. At 300 °C, the cycling
behavior for MgH,+ 7 wt.% Ni3V,03-rGO and
MgH,+ 7 wt.% NizV,0s was assessed. Figure 8(a)
displays that the 7 wt.% Ni3V,0s doped MgH, was
able to achieve a hydrogen content of 6.54 wt.%
during the initial desorption process. However, the
dehydrogenation/rehydrogenation content of 7 wt.%
NizV20s doped MgH, was declined to 5.90 wt.%
in 20th cycle. From Fig. 8(b), MgH,+ 7 wt.%
Ni3V,05-rGO discharged 6.63 wt.% H, during the
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first cycle. After 20 cycles, the hydrogen desorption/
absorption content of 7 wt.% NizV,03-rGO doped
MgH, was maintained at 6.57 wt.%, which was
0.67 wt.% higher than that of 7 wt.% Ni3V,Os
modified MgH,. Additionally, Figs. 8(c) and (d)
further demonstrated that MgH, + 7 wt.% NizV2Os-
rGO showed better hydrogen storage performance
during 20 cycles (better dehydrogenation kinetic
performance and higher hydrogen content).

3.5 Catalytic mechanism for MgH: + Ni;V,0s-rGO

system

As  reported previously, NizV,03-rGO
demonstrated exceptional catalytic action on the
hydrogen storage performance of MgH,. By using
XRD and TEM to characterize the 7 wt.% NizV,0s-
rGO modified MgHo, the catalytic involvement of
Ni3V205-rGO in the hydrogen storage reaction
could be identified. Figure 9 displays the TEM,
EDS, and HRTEM images of Ni3V,03-rGO
modified MgH: after ball milling. As depicted in
Fig. 9(a), the MgH,+ 7 wt.% Ni3zV20s-1GO was
composed of particles that were around 500 nm in
size. Furthermore, the SAED image of the sample
(Fig. 9(b)) presented the Ni3V,03-rGO (122) and
MgH, (111)/(220) planes, confirming that the
sample was made up of MgH, and Ni3V,0s-rGO.
Aside from that, the HRTEM image of the selected
area in Fig. 9(c) shows the interplanar spacings of
0.15 and 0.25 nm, corresponding to MgH> (220)
and NizV,05-rGO (122) in the MgH,+7 wt.%
Ni3V,0s-rGO composite, respectively. Additionally,

EDS mappings of a chosen region shown in
Fig. 9(d) demonstrated the existence of Mg, Ni, V,
and C components in the composite, which proved
the homogeneous distribution of NizV,0s5-1GO
nanocomposite in the MgH, matrix. As stated in
previous reports [43—45], the homogeneous
distribution of C covering MgH, could remarkably
prevent MgH,/Mg from aggregating and growing
during cycling.

For further understanding the specific mechanism
of MgH,+ 7 wt.% NizV205-rGO composite, XRD
tests were performed to identify the phase evolution.
The XRD patterns for MgH, + 7 wt.% NizV,0s-
rGO in the ball-milled and rehydrogenation/
dehydrogenation states are depicted in Fig. 10. In
the ball-milled state, MgH, peaks dominated the
XRD pattern. It is noteworthy that a minor MgO
and Ni3;V,0s5-rGO signal emerged in the magnified
XRD pattern (Fig. 10(b)). MgO was largely
originated from the partial reaction between MgH,
and NizV,0s-rGO during the ball milling process,
which agreed well with former report [46]. In
dehydrogenation, MgH, turned into Mg and new
phases of Mg:Ni appeared. In the rehydrogenated
state, the XRD pattern was composed of peaks from
MgH,, Mg:NiHs, Mg and MgO. No signal of
V-related compounds was identified in the
rehydrogenated/dehydrogenated state, which was
similar to previous references [29,46].

Combining all the above outcomes, Fig. 11
illustrates the integrated formulation on the
catalytic mechanism for the Ni3V,03-rGO modified

Fig. 9 TEM (a), SAED (b) and HRTEM (c) images, and STEM-HAADF image with corresponding EDS mappings (d)

of MgH» + 7 wt.% NizV205-rGO composite
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Fig. 11 Schematic diagram of catalytic mechanism for
MgH: + 7 wt.% Ni3V,05-rGO composite

MgH, system. According to the explanation
supported by the TEM images (Fig.9), the
uniformly spread Ni;V,0s3-tGO provided close
contact with MgH,, which was beneficial to
exerting the catalytic action on solid-state reactions.
According to earlier report [47], the density of
states of MgH, at the Fermi level has a huge
bandgap, demonstrating insulator characteristics
and slow electron migration of the material. With
the MgoNi interface present, this significant
bandgap vanished, further illuminating the
transition from an insulator to a conductor [48].
Meanwhile, after introducing Mg:Ni into the
system, the Mg—H bond was elongated and it was
casier to break the Mg—H bond [27]. During the
process of hydrogen adsorption and desorption, the
in-situ generated Mg,Ni—Mg>NiH4 couples served
as hydrogen pumps to accelerate the hydrogen
storage kinetics of MgH,. Similarly, V also
stretched the Mg—H bonds [25] and helped
to catalyze the dehydrogenation/hydrogenation
reaction of MgH» [29,46]. At the same time, the

unique rGO structure not only provided sufficient
surface to anchor nanoscale NizV,Os particles, but
also was beneficial to reducing the agglomeration
and growth of Mg/MgH, particles during cycles.
Thus, the superior hydrogen storage capability of
the 7 wt.% Ni3V,03-rtGO modified MgH, was
achieved.

4 Conclusions

(1) A novel graphene-anchored Ni—V bimetal
catalyst was synthesized via an easy hydrothermal
and heat treatment. Furthermore, the outstanding
catalytic effect of NizV,03-rGO for MgH, was
demonstrated in detail.

(2) Specifically, the MgH,+ 7 wt.% Ni3V,0s-
rGO began to dehydrogenate at 208 °C, 132 °C
lower compared to that of as-prepared MgHo,.
Meanwhile, the MgH» + 7 wt.% Ni3V20s-rGO showed
superior desorption kinetics, releasing 6.3 wt.% H>
in 10 min at 250 °C. The completely dehydrogenated
7wt% NizsV,03-rGO  modified MgH, could
absorb hydrogen at ambient temperature and
approximately 4.5 wt.% H> could be charged at a
low temperature of 125 °C in 8 min. The MgH,+
7 wt.% NizV20s-1GO presented excellent cycling
stability after 20 charge—discharge cycles.

(3) According to microstructure analysis,
evenly scattered Mg:Ni/Mg:NiHs and metallic V
enhanced the hydrogen diffusion rate at the
Mg/MgH; interfaces, contributing to the superior
solid-state hydrogen storage kinetic performance in
the Ni3V,05-rGO modified MgH> system.
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