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Abstract

We examined the catalytic effect of Ni nano-particle and Nb oxide on hydrogen desorption (HD) propertiesipidgited by mechanical
ball milling under a hydrogen gas atmosphere of 1 MPa. The Mgihposite with 2 mol% Ni nano-particle prepared by milling for a short
time of 15min at 200 rpm desorbed a large amount of hydrogéh5wt.%) in the temperature range from 150 to 260at heating rate
of 5°C/min. On the other hand, the Mgdomposite with 1 mol% NyOs prepared by milling for a long time of 20 h at 400 rpm desorbed
~6.0wt.% H in the temperature range from 200 to 2&Dat heating rate of 8/min. After second hydrogen absorption/desorption cycles at
200°C, the HD properties of the Ni-catalyzed MgEbmposite became worse than those before cycling, while th®Ntatalyzed composite
showed better HD properties than those before cycling.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction metals (Pd and Fe), in whick5wt.% of hydrogen was
absorbed at 300C within 10 min under a Btgas pressure of
Magnesium hydride Mgblis one of the most attractive hy- 1 MPa[4]. Their TEM observation indicated that the catalyst
drogen storage materials because it is directly formed from with several tens nanometer size is uniformly distributed on
the reaction of Mg metal with gaseous hydrogen and reaches ahe metal surface, suggesting that the reaction kinetics could
high hydrogen capacity~7.6 wt.%). However, the reaction be sufficiently improved by doping small amounts of such
is too slow for practical use and needs higher temperaturecatalysts. Recently, Kanoya et al. have investigated H-storage
than 300°C for progress of the hydrogen absorption and des- properties of the composite prepared by ball milling Mg with
orption reaction$1-3]. small amounts of nanometer sized transition metals (Ni and
Recently the hydrogen storage (H-storage) properties of Fe) as catalysfs]. The results indicated that 7.49 wt.% of
the composites composed of Mg or Mgldatalyzed by a  hydrogen was absorbed at 30D by mechanically milling
small amount of transition metals or metal oxides have beenthe mixture of Mg—0.33Ni—0.17Fe (at.%) for 15 min. On
intensively studied to improve the hydriding/dehydriding the other hand, Oelerich et al. have reported the catalytic
kinetics without reducing its high hydrogen capadity-9]. effect of cheap metal oxides (MOs, Fe304, V205, Mn03,
Zaluska et al. have studied H-storage properties of Mg com- Cr,03 TiO2, S6;0O3, Al203, CuO and Si@) on hydrogen
posites prepared by ball milling Mg with 1 wt.% transition desorption (HD) properties in MgH[6-9]. The MgH
composite with 0.2 mol% NJDs prepared by ball milling
for 100h showed the best HD properties among all the
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absorbed within 60 s and desorbed within 130 s at’&)®]. i
However, the role of metal oxide catalysis on H-desorption MgH, + 1 mol%nNi
properties has not been clarified yet.

In this work, we examined the catalytic effect of Ni
nanoparticle and micron sized Nbs on the HD properties

: 2h
in MgH> prepared by ball milling under a hydrogen gas at- E

mosphere of 1 MPa at room temperature.

2. Experimental procedures

Intensity (arb.units)

MgH> powder (the purity is 90 wt.%, with several micron
sizes, the rests of 9 and 1wt.% are respectively no reacted
Mg and MgO) was purchased from Sigma—Aldrich. The dry
catalyst metals Niwith diameter of several tens of nanometers
were from Shinku-Yakin, and Ni®s (99.5%, mesoporous,
32A pore) was from Sigma—Aldrich. The mixture of 300 mg
MgH> and 12 mol% Nior NipOs were putinto a Cr steel pot AL
(3x10->mdin volume) together with 20 steel balls (7 mm in L L L .
diameter). The mass ratio of sample to ball is 1:100. Then, the 100 200 300 400
inside of the pot was degassed below 10~ Pa for 12 h. Temperature (°C)

After introducing high-purity hydrogen (7N) of 1.0 MPa, the

mixed sample was mechanically milled for 15min to 20 h at Fig- 1. Thermal desorption mass spectra of hydrogen from the \tgih-

the revolution speed of 200-400 rpm using a planetary ball posite with 1 mol% Ni by milling for 15min, 1 h, and 2 h at 400 rpm under
. . a hydrogen gas atmosphere of 1 MPa.

milling apparatus (Fritsch P7). All the samples were always

handled in a glovebox filled with purified argon Ar so as to

minimize the oxidation on the samples. So, we see short time milling brings the better HD properties.

The structural properties were examined by X-ray However, the TDMS profile widely broadens in the tempera-
diffraction measurement (Rigaku RINT2000) using a Cu ture range from 150 to 30@. Then, we changed the milling
Ka radiation. The dehydriding properties of the products revolution speed and the amount of Ni nano-particle as cata-
were examined by a thermal desorption mass spectroscopyyst under a milling time 15 min to obtain much better milling
(TDMS) (Anelva M-QA200TS) equipped with ther- conditions. As a result of this procedure, the Mgtdmpos-
mogravimetry (TG) at a heating rate of°6/min. This ite with 2 mol% Ni at 200 rpm showed the most superior HD
equipment was specially designed and built up for using profile in the TDMS curves among all composites examined
it inside the glove box filled with purified argon, which in this work. The product desorbs a large amount of hydro-
permitted simultaneous measurements of TG and TDMS gen (~6.5wt.%) in the temperature from 150 to 28D at a
without exposing the samples to air at all. heating rate of 5C/min. From these results, it is concluded

that the short milling time and slow milling revolution speed
brings better HD properties for Ri"®catalyzed MgH com-

15min

3. Results and discussion posite.
Next, we examined the cyclic properties of hydrid-
3.1. Catalytic effect of nanoparticle Ni ing/dehydriding reactions for the MgHcomposite with

2mol% Ni prepared by milling for 15min at 200 rpm un-

Fig. 1shows the thermal desorption mass spectra (TDMS) der H, gas atmosphere of 1 MPa. The durability was tested
of hydrogen (H) for the MgH, composite with 1 mol% Ni through the following cyclic processes: the dehydrogena-
nano-particle prepared by ball milling for 15minto 2h. The tion was performed by holding the sample at 280(corre-
MgH»> composite milled for 2 h has a hydrogen desorption sponding to the onset temperature of dehydrogenation) and at
peak around 26€C, which are much lower than that of pure 200°C (corresponding to the peak temperature of dehydro-
MgH2 milled for 2h (370°C). Thus, we notice that a small genation) for 12 h under high vacuum, and then the hydro-
amount of Ni nano-particle doping has a significant catalytic genation was performed under a pure hydrogen gas of 3 MPa
effect on the HD properties in MgHTo improve the milling at 150 and 200C for 12 h, respectively. After completing
condition, we decreased the milling time from 2 hto 15 minat those hydrogen absorption/desorption cycles, we examined
400 rpm for 1 mol% Ni-doped Mgpicomposite. Asshownin  the HD spectra by the TG-TDMS measurement. The results
Fig. 1, the milling for 1 h leads to a decrease of the onset tem- obtained are shown ifig. 2 The HD properties after the
perature to about 15@, while the milling for 15 minleadsto  second cycle at 200C are worse than those after second cy-
the further decrease in the peak temperature to about210 cle at 150°C regarding the hydrogen desorption temperature.
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Fig. 2. Thermal desorption mass spectra of hydrogen for the 2 mol% Ni-
catalyzed Mgk composite prepared by milling for 15 min at 200 rpm. The
solid line is the product after milling for 15 min at 200 rpm, the dashed line
for the sample after the second hydriding/dehydriding cycle at €58nd

the dotted line for the sample after second cycle at’ZQGespectively.

Then, we examined the XRD profile of the composite after
dehydrogenation at 20, which indicated the existence of
Mg2Ni phase in addition to Mg and Ni metal phag&8]. It
seems that catalytic effect of MdNi on hydrogen desorp-
tion of MgH; is weaker than Ni-metal, so that the existence
of MgzNi in the MgH, + Ni composite makes the dehydro-
genation properties worse.

3.2. Catalytic effect of metal oxide

Fig. 3 shows the TDMS for K for the MgH, compos-
ite with 1 mol% NkOs prepared by ball milling for 15 min
to 2h at 400 rpm under atdtas atmosphere of 1 MPa. The
composite milled for 15min has two hydrogen desorption
peaks around 230 and 270, which are much lower than
that for pure MgH milled for 15min (370°C). This indi-
cates that NgOs is one of the good catalysts for improving
the HD properties in Mgkl To improve the milling condi-
tion, we increased the milling time up to 20 h from 15 min for
the NpOs doped composite. After 2 h milling, the HD peak

at high temperature becomes much weaker as is shown in

Fig. 3. Furthermore, the milling for 20 h leads to a single HD
peak around 230C, possessing a large amount of hydrogen
(~6.0wt.%). This result indicates that the HD properties of
the N»Os-catalyzed composite are improved with increas-
ing milling time in contrast to the behavior of the Ni-catalyzed
composite.

As is evident fronFig. 4(a), the composite of Mgiiand
1 mol% NbOs milled for 20 h shows the existence @Bt
MgH: in the XRD profiles, but there is no trace of Mbs.
Thisindicates that kD5 disperses on the surface of Mg

the nanometer scale by ball milling and acts as agood catalyst.

The XRD profile after heat treatment up to 48D in Fig.
4(b) indicates the existence of Mg and MgO. In addition, the
intensity of the 2 0 0 peak corresponding to MgO is larger than
that corresponding to pure MgHilled for 20 h inFig. 4(c).
Therefore, it seems likely that N®s dispersed in nanometer
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Fig. 3. Thermal desorption mass spectra of hydrogen from the \Mgih-
posite with 1 mol% NbOs prepared by milling for 15min, 2h, and 20 h at
400 rpm under a blgas atmosphere of 1 MPa.

scale is reduced by Mg to form metallic Nb and MgO during
ball milling or heat treatment as follows:

2NbOs + 3Mg — Nb + 3MgO,
AH = —5545kJ/mol Nb

Since the standard enthalpy change of this reaction is neg-
ative large value, this reduction reaction should be possible to

[ ] B-MgH2
o Mg
a MgO

Intensity (arb. units)
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1 1
40 50 60
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Fig. 4. X-ray diffraction profiles for (a) the 1 mol% N®s-catalyzed MgH
composite prepared by milling for 20 h, (b) the composite after heat treatment
up to 450°C, (c) the pure MgH by milling for 20 h after heat treatment up

to 470°C.
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Fig. 5. Thermal desorption mass spectra of hydrogen for the 1 mol®Nb
catalyzed Mgk composite prepared by milling for 20 h (first cycle) and the
sample after second dehydriding/hydriding cycle at 2D@second cycle).

proceed during ball milling or heat treatment. Consequently,
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200°C. This degradation at 20@ may be due to the fact that
Mg2Ni alloy is formed in the product after the dehydrogena-
tion at 200°C, which is a worse catalyst for recombination of
H atoms into H molecule on the surface of MghHand vice
versa.

On the other hand, the Mgidomposite with 1 mol%
NboOs metal oxide prepared by ball milling for 20h at
400rpm shows superior HD properties, in which a large
amount of hydrogen<6.0 wt.%) is desorbed in the temper-
ature range from 200 to 25C at a heating rate of 8C/min.
Further, this composite after dehydriding/hydriding cycles
at 200°C showed better HD properties than those before cy-
cling. This could suggest that NOs dispersing in nanometer
scale is reduced by Mg to form metal Nb and MgO during
ball milling or heat treatment, acting as a good catalyst for
improving the HD properties in MgH

the metallic Nb dispersed in nanometer scale could act as ans cknowledgements

excellent catalyst for hydrogen desorption in MgH

Next, we examined the cyclic properties of hydrid-
ing/dehydriding reactions at 20C€ for the composite of
MgH> with 1 mol%NIkpOs milled for 20 h according to the
same cyclic processes as the Mgtdmposite with Ni nano-
particle. As is shown iffrig. 5, the dehydrogenation proper-
ties after the second cycle at 200 is better than that after
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