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Abstract: The practical application of magnesium hydride (MgH,) was seriously limited by its high desorption temperature and slow desorp-
tion kinetics. In this study, a bullet-like catalyst based on vanadium related MOFs (MOFs-V) was successfully synthesized and doped with
MgH, by ball milling to improve its hydrogen storage performance. Microstructure analysis demonstrated that the as-synthesized MOFs was
consisted of V,0; with a bullet-like structure. After adding 7wt% MOFs-V, the initial desorption temperature of MgH, was reduced from 340.0
to 190.6°C. Besides, the MgH,+7wt%MOFs-V composite released 6.4wt% H, within 5 min at 300°C. Hydrogen uptake was started at 60°C
under 3200 kPa hydrogen pressure for the 7wt% MOFs-V containing sample. The desorption and absorption apparent activity energies of the
MgH,+7wt%MOFs-V composite were calculated to be (98.4 + 2.9) and (30.3 + 2.1) kJ-mol ™', much lower than (157.5 + 3.3) and (78.2 + 3.4)
kJ-mol™ for the as-prepared MgH,. The MgH,+7wt%MOFs-V composite exhibited superior cyclic property. During the 20 cycles isothermal
dehydrogenation and hydrogenation experiments, the hydrogen storage capacity stayed almost unchanged. X-ray diffraction (XRD) and X-ray
photoelectron spectrometer (XPS) measurements confirmed the presence of metallic vanadium in the MgH,+7wt%MOFs-V composite, which

served as catalytic unit to markedly improve the hydrogen storage properties of Mg/MgH, system.

Keywords: hydrogen storage; magnesium hydrides; vanadium based MOFs; catalytic mechanism

1. Introduction

Hydrogen has been widely regarded as a renewable en-
ergy source due to its higher energy density, rich calorific
value of combustion, and no pollution to the environment
[1-4]. However, the realization of safe storage and the trans-
port of hydrogen are important factors for developing hydro-
gen energy economically. Solid state hydrogen storage,
which has high hydrogen storage density and excellent secur-
ity, is promising to fulfill the task of hydrogen transportation
[5-7]. In the past decades, many hydrogen storage materials
have been extensively researched [8—12]. Lately, MgH, was
regarded as one of the most potential materials, because
MgH, possessed superior reversibility, low cost, and high hy-
drogen storage capacity of 7.6wt%. Nevertheless, the onset
desorption temperature of MgH, is approximately 340°C and
the absorption/desorption kinetics is quite slow, which seri-
ously restrict its practical application [13-16].

To solve these disadvantages of MgH,, extensive attempts
have been devoted, such as alloying with corresponding
metallic elements [17-19], nanostructuring [19-21], and
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catalysts doping [22-26]. Previous studies have proved that
introducing catalysts into MgH, was a feasible method to en-
hance the hydrogen storage properties of MgH,. Particularly,
transition metals (Fe, V, Co, Zr, Mn, etc.) and their com-
pounds exhibited outstanding catalytic effect towards MgH,
[27-30]. Liang et al. [31] in 1999 investigated the sorption
properties of MgH, with different catalysts (Ti, V, Mn, Fe,
Ni) and they found V possessed better catalytic effect for the
dehydrogenation compared with Ti, Mn, Fe, and Ni. Then
they studied the MgH,—V system and found the MgH,—
S5at%V composite could fully release H, within 35 min at
235°C [32]. Rizo-Acosta et al. [33] examined the catalytic
function of Y, Ti, V, Sc, Zr, and Nb on Mg/MgH, system,
and the desorption kinetics is list as follows: V > Nb > Zr >
Ti> Sc > Y. In addition, da Conceicdo et al. [34] compared
the effect of VC, VCI;, and V catalysts on MgH,. The results
revealed the 5Swt% VCI; containing sample exhibited faster
hydrogenation kinetics, it could take up 6wt% H, at 350°C in
the first 7.5 min. Our previous work [35] synthesized a two-
dimensional vanadium nanosheets (Vys) and a remarkable
catalytic action on accelerating the hydrogen storage kinetics
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of MgH, was evidenced. The initial dehydrogenation tem-
perature of MgH,+7wt%Vys composite was dropped to
187.2°C, 154°C lower than as-prepared MgH,. However, the
cycling property of the MgH,+7wt%Vys composite was dis-
satisfactory. During the first dehydrogenation experiment,
the MgH,+7wt%Vys composite released 6.32wt% hydrogen,
unfortunately, only 5.92wt% hydrogen was discharged from
the MgH,+7wt%Vys composite after 20 cycles.

Recently, MOFs materials have become a research hot
spot as they have higher specific surface areas, low density,
and various framework structures [36-38]. In addition,
MOFs materials are also considered as a kind of potential hy-
drogen storage material due to its special pore structure.
Wang et al. [39] studied the MgNb/ZIF-67 composite for hy-
drogen storage and found the dehydrogenation capacity was
4.66wt% in the first cycle and increased to 5.07wt% at the
24th cycle. Wang et al. [40] synthesized a nano-V,0;@C by
a facile hydrothermal synthesis process and demonstrated
that the MgH,+9wt%nano-V,0;@C composite began to dis-
charge H, at 215°C and released 6.4wt% H, within 20 min at
275°C.

With above encouraging results and our previous research
on MgH,+Vys composite, a bullet-like catalyst based on va-
nadium related MOFs was successfully prepared to compre-
hensively improve the hydrogen storage property of MgH, in
this work. The catalytic effect of the synthesized MOFs-V to-
wards the desorption/absorption reactions of MgH, was sys-
tematically tested. Based on the evidence of microstructure
and the evaluation of hydrogen storage property, the catalyt-
ic mechanism was discussed in detail.

2. Experimental
2.1. Synthesis of vanadium-based MOFs
Vanadium-based MOFs with a bullet structure was syn-

thesized by a facile hydrothermal reaction and calcination.

0.664 g p-Phthalic acid + 0.652 g VOSO,

45

Firstly, 0.652 g vanadium sulfate oxide hydrate (VOSO,,
Alfa, purity 99.9%) and 0.664 g p-Phthalic acid (Alfa, purity
98%) were dissolved in 45 mL dimethylformamide (DMF,
Alfa, purity 99.8%) solution and violently stirred for 45 min
in a 100 mL stainless steel autoclave. The autoclave was put
into a stove and heated to 160°C for 36 h. The mixtures were
washed 8 times with methanol and dried in vacuum at 180°C
for 24 h. Finally, vanadium-based MOFs materials were ob-
tained after been calcined at 700°C for 5 h in a N, atmo-
sphere, as shown in Fig. 1.

2.2. Preparation of MgH,+MOFs-V composites

First of all, 6 g commercial Mg powder (Aladdin,
100200 mesh (75-150 pm), purity 99.99%) were packed
and sealed into the reactor, then the Mg powder were hydro-
genated under the hydrogen pressure of 6.5 MPa with the
temperature of 380°C for 2 h. The hydrogenated Mg powder
were collected and conducted to mechanical ball milling with
a speed of 450 r/min for 5 h. Finally, MgH, was obtained
after been hydrogenated under 6.5 MPa H, pressure at 380°C
for 2 h. In order to get MgH,+MOFs-V composite, MOFs-V
particles were ball milled with MgH, under argon atmo-
sphere. To systematically examine the catalytic effectiveness
of MOFs-V, various amounts of MOFs-V particles were ad-
opted, denoted as MgH,+5wt%MOFs-V, MgH,+7wt%
MOFs-V, and MgH,+9wt%MOFs-V, respectively.

2.3. Sample characterization

The as-prepared samples were tested by X-ray diffraction
(XRD) measurement using an X’Pert Pro X-ray diffracto-
meter (PANalytical, the Netherlands) with Cu K, radiation at
40 kV, 40 mA. The scanning rate was 1°-min '. X-ray photo-
electron spectrometer (XPS) was conducted to explore the
binding energy of related elements. Moreover, the micro-
structure characterization and elemental analysis of the
samples were carried out by scanning electron microscopy
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Schematic diagram of the preparation of MOFs-V.
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(SEM) and transmission electron microscope (TEM, Tecnai
G2 F30 operated at 300 kV) with an energy dispersive spec-
trometry (EDS).

The dehydrogenation and rehydrogenation experiments
were conducted in a pressure-composition-temperature
(PCT) apparatus (Sievert type). Approximately 130 mg
samples were packed in a steel tube in each test. The samples
were heated to 450°C for the non-isothermal dehydrogena-
tion experiments. The fully dehydrogenated samples were
heated to 380°C under 3.2 MPa H, for non-isothermal hydro-
gen absorption experiments. For cycling tests, samples were
hydrogenated under 3.2 MPa hydrogen pressure and de-
sorbed in vacuum for 20 times at 300°C, respectively. Differ-
ential scanning calorimetry (DSC, STA449F3 Jupiter) meas-
urement was conducted in a Netzsh STA449F3 equipment
under high purity Ar atmosphere and the heating rate was 5,
8, 10, and 12 K-min ', respectively.

3. Results and discussion
3.1. Characterization of synthesized MOFs-V

Fig. 2(a) denotes the XRD profile of synthesized MOFs-
V. Apparently, the XRD peaks for MOFs-V are in great
agreement with the PDF card of V,0; (PDF#78-7574: V,0;
and PDF#74-0325: V,05). The refined XRD result indicates
the content of PDF#78-7574: V,0; and PDF#74-0325: V,0;
in as-synthesized MOFs-V is 70.8wt% and 29.2wt%, re-
spectively. XPS test was carried out to further verify the
chemical state of vanadium in MOFs-V, as shown in Fig.
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2(b). From the XPS spectra of O 1s and V 2p, four peaks at
530.3, 524.1, 516.8, and 532.4 eV could be observed. In ad-
dition, the peaks at 524.1 and 516.8 eV were related to V-O
bond. The peaks at 532.4 and 530.3 eV came from O-H and
O% bonds. Based on the XRD and XPS results, it could be
concluded V,0; containing MOFs materials were success-
fully synthesized. TEM and SEM tests were adopted to re-
veal the micromorphology of as-synthesized MOFs-V. SEM
image presents a bullet-like structure with a height of 62 um
and width of 13 um in Fig. 2(c). Besides, TEM image (Fig.
2(d)) also verifies the as-synthesized MOFs-V materials have
a bullet-like structure.

3.2. Catalytic effect of MOFs-V towards the dehydro-
genation performance of MgH,

The bullet-like MOFs-V was mixed with MgH, to study
the catalytic effectiveness. Fig. 3(a) denotes the heating-up
dehydrogenation curves of the MgH,+xwt%MOFs-V (x = 0,
5, 7, and 9) composite. It was observed as-prepared MgH,
began to release H, at 340.0°C and the final desorption capa-
city was 7.3wt%. Apparently, after adding MOFs-V, the ini-
tial desorption temperature of MgH, was significantly re-
duced. The 5wt% MOFs-V containing sample began to re-
lease H, at 199.8°C, which was 140.2°C lower than that of
additive-free MgH,. When the temperature was increased to
328.5°C, the MgH,+5wt%MOFs-V composite could fully
release 6.9wt% hydrogen. Increasing the doping amount of
MOFs-V to 7wt% and 9wt%, the onset desorption temperat-
ure was further decreased to 190.6 and 186.1°C, respectively.

(a) &
R et 4 PDF#78-7574 V,0,
— pClinement & PDF#74-0325 V,0,

Intensity / a.u.

Intensity / a.u.

(b)

-0-H
5324¢eV

530 520
Binding energy / eV

510

Fig.2. Characterizations of as-prepared MOFs-V: (a) XRD profile; (b) XPS spectra; (¢, d) SEM and TEM images.
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(a) Non-isothermal desorption curves of MgH,+xwt%MOFs-V (x = 0, 5, 7, 9). (b) Isothermal dehydrogenation curves for

MgH, at 300, 325, 350°C. (c) Isothermal dehydrogenation curves for MgH,+7wt%MOFs-V composite at 250, 275, 300°C. DSC
curves of (d) as-prepared MgH, and (e) MgH,+7wt%MOFs-V composite. (f) Kissinger’s plot of the MgH, and MgH,+7wt%MOFs-V

composite.

However, the hydrogen capacity was also successive de-
creased to 6.8wt% and 6.6wt% for the MgH,+7wt%MOFs-V
composite and MgH,+9wt%MOFs-V composite. The reason
for this phenomenon was that the existence of MOFs-V re-
duced the available hydrogen storage capacity. Taken both
the onset desorption temperature and capacity in considera-
tion, the MgH,+7wt%MOFs-V composite possessed the op-
timal dehydrogenation performance compared with
MgH,+5wt%MOFs-V composite and MgH,+9wt%MOFs-V
composite. Therefore, other follow-up experiments were car-
ried out on the MgH,+7wt%MOFs-V composite. In order to
further study the desorption performance, isothermal dehyd-
rogenation experiments were carried out. Fig. 3(b) and (c)
denoted the isothermal desorption curves at different temper-
atures for MgH, and the MgH,+7wt%MOFs-V composite.
Fig. 3(b) indicated as-prepared MgH, exhibited slow desorp-
tion kinetics, only 0.41wt%, 1.93wt%, and 5.71wt% H, was
released within 20 min at 300, 325, and 350°C, respectively.
However, the MgH,+7wt%MOFs-V composite discharged

about 6.44wt% H, at 300°C and 4.65wt% H, at 275°C in 5
min, as shown in Fig. 3(c). The effect of MOFs-V on desorp-
tion kinetic performance for MgH, was further investigated
by DSC measurement and Kissinger method. Fig. 3(d) and
(e) displays the DSC curves with various heating rates (5, 8,
10, and 12 K-min™') for as-prepared MgH, and MgH,+
Twt%MOFs-V samples. Obviously, after adding MOFs-V to
MgH,, the peak temperatures were shifted to lower temperat-
ures compared with as-prepared MgH,. For instance, the
peak temperature for MgH,+7wt%MOFs-V composite was
296.6°C when the heating rate was 12 K-min ', however, the
peak temperature for as-prepared MgH, was 398.2°C under
the same condition.

In addition, the apparent activity energy (£,) for the iso-
thermal desorption experiments was calculated through Kis-
singer method [41]:

(£ )= B (2R
2]~ R, E,

where T, is the peak temperature; 8 represents the heating

M
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rate; 4 and R mean the pre-exponential factor and gas con-
stant, respectively.

The apparent activity energy of MgH,+7wt%MOFs-V
composite was estimated to be (98.4 + 2.9) kJ-mol ', and ap-
proximately 38% reduction was achieved compared to (157.5
+3.3) kJ-mol ™ for the as-prepared MgH,. In addition, the de-
hydrogenation apparent activity energy values of different
MgH,+catalyst systems are shown in Table 1. It is proved
that MOFs-V is of great help to reduce the dehydrogenation
apparent activity energy. The significant decrease in activity
energy contributed to the lowered initial dehydrogenation
temperatures and accelerated dehydrogenation kinetics of
MOFs-V modified MgH,, as reported above.

To further investigate the hydrogen desorption thermody-
namics of MgH,+7wt%MOFs-V composite, the pressure-
composites-temperature measurements were carried out. Fig.
4(a) and (b) displays the PCT curves for MgH, and the
MgH,+7wt% MOFs-V composite at various temperatures. It
was observed each temperature had a corresponding plat-
form in the PCT curve. For instance, the desorption flat plat-
eau of MgH, were 0.23, 0.42, 0.86, and 1.03 MPa for 325,
350, 375, and 400°C shown in Fig. 4(a). As for the MgH,+
Twt%MOFs-V composite, the plateau pressures were de-
termined to be 0.18, 0.24, 0.58, and 0.92 MPa for 300, 325,
350, and 375°C in Fig. 4(b). The decomposition enthalpy AH
was estimated using the Van’t Hoff equation:

InP = AH/RT —AS/R 2)
where P is pressure, AS denotes the decomposition entropy,
AH means the decomposition enthalpy, R is universal gas
constant, 7 represents temperature. The obtained Van’t Hoff

Int. J. Miner. Metall. Mater., Vol. 30, No. 1, Jan. 2023

plot is shown in Fig. 4(c) and (d) for MgH, and MgH,+
Twt%MOFs-V composite. The decomposition enthalpy AH
is determined to be (86.2 + 6.3) kJ-mol ™" for MgH, and (84.8
£1.9) kJ-mol™" for the MgH,+7wt%MOFs-V composite. The
results suggest that the addition of MOFs-V has negligible
effect on thermodynamics property of MgH.,.

3.3. Rehydrogenation performance
MOFs-V composite

of MgH,+Twt%
The catalytic action of MOFs-V on hydrogen absorption
was also studied. Fig. 5(a) shows the non-isothermal hydro-

Table 1. Dehydrogenation apparent activity energy values of
different MgH,+catalyst systems

Method for
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10" | b
g r ’
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Fig. 4. PCT curves for (a) MgH; and (b) MgH,+7wt%MOFs-V composite at various temperatures. Corresponding Vant’t Hoff plot

of (c) MgH, and (d) MgH,+7wt%MOFs-V composite.
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gen absorption curves for the fully dehydrogenated MgH,
and MgH,+7wt%MOFs-V samples. The fully dehydrogen-
ated MgH, began to uptake H, at about 181°C and hydrogen
absorption finished at 399°C with 7.3wt% hydrogen capa-
city. The 7wt% MOFs-V containing sample started absorb-
ing hydrogen even at 60°C and 6.7wt% hydrogen was
charged when the temperature was heated to 217°C, 3 times
higher than 2.0wt% of fully dehydrogenated MgH,. In addi-
tion, isothermal rehydrogennation experiments were carried
out, shown in Fig. 5(b) and (c). It can be clearly seen that the
hydrogen absorption kinetics was accelerated with rising
temperatures and addition of MOFs-V. The fully dehydro-
genated MgH, only absorbed 1.04wt%, 2.74wt%, and
4.96wt% H, at 200, 225, and 250°C in the first 10 min, re-
spectively. For the 7wt% MOFs-V containing sample,
2.34wt% H, was absorbed within the first 10 min even at low
temperature of 100°C. At 125 and 150°C, approximately
3.79wt% and 4.88wt% H, were taken up by the 7wt%
MOFs-V containing sample in the first 10 min. Besides, in
order to obtain an insight into the improvement of hydrogen
absorption kinetics of the samples, the isothermal absorption
curves of the as-prepared MgH, and the MgH,+7wt%MOFs-
V composite at different temperatures were fitted using the

Johnson—-Mehl-Avrami—-Kolmogorov  (JMAK) equation
[49]:
In[-In(1 — @)] = nlnk + In? 3)

where a is the extent of reaction; ¢ denotes the reaction dura-
tion; n means the Avrami exponent; k represents the rate con-
stant. Subsequently, the E, for hydrogenation reaction could
be estimated by Arrhenius equation:
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k= Aexp(—}%) @)

where T represents the isothermal hydrogen absorption tem-
perature and 4 means the pre-exponential factor and R is uni-
versal gas constant. In this work, the hydrogen absorption ac-
tivation energy values of the as-prepared MgH, and the
MgH,+7wt%MOFs-V composite were calculated to be (78.2
+3.4) and (30.3 £2.1) kJ-mol ', respectively (Fig. 5(d)). Ob-
viously, with the addition of MOFs-V, the apparent activa-
tion energy for the hydrogen absorption of MgH, was signi-
ficantly reduced, which was directly responsible for the en-
hancement in the hydrogen absorption kinetics of MgH,.

3.4. Cycling feature of MgH,+7wt%MOFs-V composite

Cycling performance was considered as an indispensable
factor for the practical use of hydrogen storage materials.
Therefore, the cyclic property was tested for the MgH,+7wt%
MOFs-V composite in an isothermal mode. Fig. 6(a) and (b)
displays the curves of isothermal dehydrogenation (static va-
cuum) and rehydrogenation (3.2 MPa H, pressure) in the first
20 cycles at 300°C, respectively. The results denoted the
MgH,+7wt%MOFs-V composite released 6.44wt% H, in the
first cycle and 6.40wt% H, was still discharged for the tenth
isothermal dehydrogenation experiment. In the 20th cycle,
MgH,+7wt%MOFs-V composite desorbed 6.37wt% H,,
maintain 98.9% hydrogen capacity compared with the first
cycle (Fig. 6). For the hydrogen absorption, MgH,+7wt%
MOFs-V composite absorbed 6.44wt% hydrogen in the first
cycle and 6.37wt% hydrogen was charged into the 7wt%
MOFs-V containing sample in the 20th cycle. Table 2 sum-
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Fig. 6. Cycling hydrogen desorption (a) and absorption (b) curves of MgH,+7wt%MOFs-V composite for 20 times at 300°C.

marizes the hydrogen capacity of MgH, modified by differ-
ent catalysts. Compared with other MgH, systems, the
MgH,+7wt%MOFs-V composite presents superior cycling
stability.

3.5. Catalytic mechanism of MOFs-V on MgH,

To explore the catalytic mechanism of MOFs-V on MgH,,
XRD experiment was carried out. Fig. 7(a) displays the XRD
profiles of MgH,+7wt%MOFs-V at different stages. Appar-
ently, the peaks of ball milled MgH,+7wt%MOFs-V and re-
hydrogenated MgH,+7wt%MOFs-V samples are conformed
to the PDF card of MgH,. For the dehydrogenated
MgH,+7wt%MOFs sample, all of the MgH, phase was con-
verted to metallic Mg phase. Interesting, a weak peak repres-
enting metallic vanadium can be detected at 42.2° for the
above samples, indicative of the reduction reaction between
MOFs-V and MgH, during the dehydrogenation and rehyd-
rogenation process. In order to further explore the evaluation
of MOFs-V, XPS measurements were conducted. Clearly,

Table 2. Dehydrogenation capacity for different catalysts

doped MgH, wt%
Sample First cycle Last cycle Ref.
MgH,—Co/Pd@B-CNTS 6.45 6.45 [50]
MgH,+Ni@Ti-MX 5.35 5.35 [51]
MgH,+TiNb,0; 6.75 6.50 [52]
MgH,+V,C/Ti;C, 6.30 6.30 [53]
MgH,—8wt%Ni/C 6.5 6.7 [54]
MgH,—10wt%TiO,@C 6.2 6.0 [55]
MgH,-TiO, SCNPs/AC 6.5 6.2 [56]
MgH,—5wt%NiS, 6.15 6.10 [57]
MgH,+MOFs-V 6.44 6.37 This work

the peaks of MgO could be detected in the ball milled and de-
hydrogenated samples (Fig. 7(b)), indicting the reaction
between MgH, and MOFs-V occurred during the ball milling
process. Besides, XPS examination confirmed the presence
of V*" and V** for the as-milled and dehydrogenated samples
in Fig. 7(c) and (d) and the content of V** for the dehydro-
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genated sample is higher than that of the as-milled sample.
During the ball milling process, there was a possibility that
the energy produced by ball hitting would help V,0; react
MgH, to form metallic vanadium. In the dehydrogenation
process, due to the high temperature, it was easier for V,0; to
be reduced to metallic vanadium. Combining the XRD and
XPS results, the gradual conversion of MOFs-V to metallic
vanadium was further verified. Our previous work has evid-
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MgH,+7wt%MOFs-V samples: (b) Mg 1s and (c, d) V 2p.
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enced that metallic vanadium possessed excellent catalytic
effect for hydrogen storage in MgH, [35]. In this case, the
V,0; in MOFs-V gradually reacted with MgH, to form
metallic vanadium, which served as active catalyst for im-
proving the hydrogen storage property of MgH,.
Furthermore, morphology and element distribution of
MgH,+7wt%MOFs-V composite were confirmed by TEM
and EDS measurements. Fig. 8(a—c) indicates the MgH,+
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Fig. 8. TEM images (a—) and corresponding EDS mapping (d) of MgH,+7wt%MOFs-V composite after 20 cycles.
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Twt%MOFs-V composite is consisted of particles with size
around 350 nm. It is well known that nanostructured materi-
als would reduce the diffusion distance for hydrogen uptake
and desorbed, resulting in a promoted hydrogen kinetics in
MgH, [58-60]. Moreover, the EDS mapping results (Fig.
8(d)) indicated that vanadium was uniformly dispersed on the
surface of MgH,, which helped to enhance the firm contact
between catalysts with MgH,, thus creating numerous hydro-
gen channels to accelerate the hydrogen diffusion rate during
hydrogenation and dehydrogenation. In addition, MOFs ma-
terials could further improve the activity of metal catalysts
[61], meanwhile, the carbon in MOFs materials prevented
MgH, particles from aggregation and growing, thus main-
taining the cycle stability for hydrogen storage [54]. In a
word, MOFs supported transition metal materials have
shown excellent catalytic action for MgH,, which may be
helpful for the further design and preparation of efficient ca-
talysts for hydrogen storage and other energy-related fields.

4. Conclusion

In this work, bullet-like MOFs-V was successfully pre-
pared via a facile hydrothermal reaction and high-temperat-
ure calcination. After adding 7wt% MOFs-V, the MgH+
Twt%MOFs-V composite started to release H, at 190.6°C,
and it could fully release H, within 5 min at 300°C.
Moreover, the hydrogen absorption began at 60°C, and when
the temperature was heated to 150°C, 4.88wt% H, was
charged into the fully dehydrogenated sample in the first 10
min, while only 1.04wt% H, was absorbed by the as-pre-
pared MgH, even at 200°C. For the cycling performance of
7wt% MOFs-V containing sample, 98.9% hydrogen capa-
city was remained compared to the first dehydrogenation ca-
pacity. Microstructure analysis revealed that MOFs-V was
reduced to metallic vanadium and served as catalytic union
during dehydrogenation and rehydrogenation process. The
combining effect of MOFs and transition metals manifested
enhanced catalytic action for MgH,, which provides an in-
sight into the improvement of hydrogen storage property of
MgH, by introducing MOFs as an efficient modification
agent.
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