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H ydrogen absorption properties of a slurry system composed of a
magnesium alloy powder and C H6 6
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Abstract

The hydrogen absorption properties of slurries composed of La Ca Mg Ni alloy powder suspended in liquid C H were1.8 0.2 172x x 6 6

investigated. It is found that the La Ca Mg Ni in benzene liquid has similar hydrogen absorption properties as that of the1.8 0.2 14 3

hydrogen-alloy (gas–solid) reaction and the alloy has a strong catalytic effect on hydrogenation reaction of C H . The amount of6 6

hydrogen absorbed and the hydriding kinetics are related to the temperature, the solid / liquid weight ratio and the surface catalytic activity
of the alloy. When the temperature of the slurry is|473 K, it acquires a good hydriding rate. The hydrogen absorption capacity of the
slurry system composed of 50 wt.% La Ca Mg Ni alloy and 50 wt.% C H reaches 5.5 wt.% of hydrogen at 483 K and 4.5 MPa in1.8 0.2 14 3 6 6

240 min. Results of XRD, XPS and SEM analysis on the crystal structure, surface structure and configuration of the alloy correlated with
its catalytic activity are reported and discussed.
   2003 Elsevier B.V. All rights reserved.
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1 . Introduction hydrogenation of an organic compound with a metal
hydride, the alloy participates in the hydrogen absorption/

The hydrogen absorption/desorption kinetics and desorption reaction during hydriding/dehydriding reaction
thermodynamics of the AB type alloys suspended in and functions as a catalyst to activate the hydrogenation of5

organic solvents by mechanical stirring have been investi- the liquid organic medium. It is also known from some
gated and reported by Reilly et al.[1,2] and Chen et al. previous studies that the hydride of La–Ni based alloy
[3,4]. In those experiments, the hydrogen was absorbed shows very good catalytic activity for the hydrogenation of
only by the hydrogen storage alloy and the liquid media p-benzoquinone[5]. In this study an Mg-based alloy
were just used to disperse the alloy powder and to instead of the La–Ni-based alloys was adopted on account
transport the hydrogen to the surface of the powder. Many of its higher hydrogen storage capacity.
engineering problems encountered in application of the The aim of this work was to investigate the hydrogen
hydrogen storage alloys for hydrogen storage were solved absorption properties of slurries composed of
or avoided by using the slurry system. But the hydrogen La Ca Mg Ni alloy powder and liquid C H . In1.8 0.2 172x x 6 6

absorption capacity on the basis of weight density of the this paper, the surface composition and the structure of the
slurry system decreased greatly owing to the extra weight Mg-based alloys were analyzed. The relationship between
of the liquid used. the surface structure of the alloys and the hydriding

The potential of hydrogenating some aromatic hydro- characteristics of the slurries was also studied.
carbons to saturated cyclic products is considered in this
study. In general Raney Ni is the most frequently em-
ployed catalyst for hydrogenation, but hydrogen storage 2 . Experimental
alloys are proposed here instead. In the solid–liquid phase

As-cast La Ca Mg Ni (x51, 3) alloys used in1.8 0.2 172x x

this study were prepared by induction melting the com-*Corresponding author. Tel.:186-571-8795-1152; fax:186-571-
ponent metallic elements with purity all above 99.9%8795-1152.
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into powder below 300 mesh in air. The hydrogen absorp- activity of La–Ni hydrides has been studied. According to
tion experiments of the slurry systems were carried out in a them the intermetallic compounds LaNi, LaNi and LaNi3 5

stainless steel reactor with a stirrer. The amount of have no catalytic effect on the hydrogenation ofp-benzo-
hydrogen absorbed by the slurry was determined by a quinone, but the hydrides of these intermetallic compounds
volumetric method. showed some activity for hydrogenation. In the study of

The phase structure of samples was determined by X-ray the hydrogenation ofp-benzoquinone, they realized that
diffraction (XRD) with a Philips X’Pert-MPD type X-ray during hydrogenation of liquid organic compounds with
diffractometer with Cu Ka radiation. The XPS analysis the hydrides of intermetallic compounds, the hydrogena-
was performed on a PHI-550 ESCA-SAM spectrometer at tion process involved not only the reaction of the liquid

27 110 Pa using Al Ka radiation, and Ar sputtering at 2.0 with the hydrogen, activated by the surface of the metal
kV for 10 and 70 min, respectively. The surface morpholo- catalyst, but also the reaction with the hydrogen disso-
gy was examined by scanning electron microscopy on a ciated from the hydride phase. In the present experiment,
Philips AMRAY electron microscope. The hydrogenation the hydride La Ca Mg NiH shows very good cata-1.8 0.2 16 x

products of benzene were analyzed with a Fison Mega 2 lytic activity for benzene hydrogenation. This result con-
Series MFC 800 chromatograph equipped with a DB-624 firms the conclusions from Lunin et al.[5] that metal
capillary column. hydrides have good catalytic activity for the hydrogenation

of aromatic hydrocarbons to saturated cyclic products. The
reaction products were analyzed by gas chromatography to

3 . Results and discussion obtain the conversion and the selectivity of benzene to
cyclohexane. In the present reaction condition the conver-

3 .1. Hydriding properties of slurry composed of benzene sion rate is 98% and the selectivity is 100%.
and La Ca Mg Ni (x51, 3) alloys Fig. 2 shows the hydrogenation rate curves of the1.8 0.2 172x x

slurries composed of benzene and different amounts of
Fig. 1 shows that the hydrogen absorption rate curves of La Ca Mg Ni at 483 K and under 4.5-MPa hydrogen1.8 0.2 14 3

the slurries composed of benzene and La Ca Mg Ni pressure. For this slurry system similarly, both1.8 0.2 16

alloy with two different weight ratios at 483 K and under La Ca Mg Ni alloy and benzene react with hydrogen.1.8 0.2 14 3

4.5-MPa hydrogen pressure. Both the alloy and benzene The hydrogenation properties of the slurry composed of
react with hydrogen throughout the entire process. During benzene and La Ca Mg Ni are similar to those of the1.8 0.2 14 3

the first 30 min, hydrogen is absorbed mostly by the alloy slurry composed of benzene and La Ca Mg Ni. In the1.8 0.2 16

with rather high hydriding rate. Afterwards the hydrogen is beginning, the hydriding of La Ca Mg Ni is the main1.8 0.2 14 3

used for the hydrogenation of benzene at a reaction rate reaction, but subsequently the hydrogenation of benzene
noticeably lower than the rate of hydriding of the alloy. becomes the chief reaction.Fig. 2 indicates that the
From the same figure, it can be seen that the hydrogenation hydrogenation rate of the benzene increases as the content
rate of benzene increases as the La Ca Mg Ni content of the alloy in the slurry increases. Only the rate of1.8 0.2 16

in the slurry system increases. The hydrides of La–Ni hydrogenation of La Ca Mg Ni is faster at any stage1.8 0.2 14 3

alloys have been used by Lunin et al.[5] as catalysts for than the corresponding rate for La Ca Mg Ni. The1.8 0.2 16

the hydrogenation of benzene andp-benzoquinone and the hydrogen absorption capacity of the slurry system com-

  

Fig. 1. Hydrogenation rate curves of the slurry composed of Fig. 2. Hydrogenation rate curves of the slurry composed of
La Ca Mg Ni and benzene at 483 K and under a hydrogen pressure La Ca Mg Ni and benzene at 483 K and under a hydrogen pressure1.8 0.2 16 1.8 0.2 14 3

of 4.5 MPa. of 4.5 MPa.
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 sputtering time increases the binding energy of the Mg2p

electron decreases. The XPS spectra for La show that3d

both oxidized La and metallic La exist on the surface of
the alloy.

3 .3. Surface composition of the La Ca Mg Ni alloys1.8 0.2 14 3

Fig. 5 is the depth profile of La Ca Mg Ni ob-1.8 0.2 14 3
1tained with Ar sputtering. It is shown that the outmost

layer in the surface of La Ca Mg Ni is a magnesium-1.8 0.2 14 3

rich layer. The content of nickel and calcium is hard to
measure by analysis apparatus. The oxygen content is
rather high (|30 wt.%) in the entire surface region, which

Fig. 3. (a) XRD patterns of the as-cast La Ca Mg Ni alloy; (b) XRD1.8 0.2 16 means that for the as-cast alloy, Mg and La have been
patterns of the as-cast La Ca Mg Ni alloy.1.8 0.2 14 3 oxidized to a considerable depth. Even after being sput-

tered for 70 min, the content of the oxygen in the sample
surface was still|29 at.% and the content of nickel was
very low. Lunin et al. [6] in his early investigations

posed of 50 wt.% La Ca Mg Ni alloy and 50 wt.% considered that intermetallic compounds had very good1.8 0.2 16

C H reaches 5.5 wt.% of hydrogen at 483 K and 4.5 MPa catalytic activity due to the segregation of the metallic Ni6 6

in 240 min. particles and La-oxide to the surface. In our experiment,
the content of Ni at the surface is not believed to be the

3 .2. Crystal structure, surface morphology and structure main cause for the hydrogenation activity of benzene. The
of the alloys hydrogen absorption curves of two slurries, which were

composed of C H1Mg Ni and C H 1Mg NiH hy-6 6 2 6 6 2 4

Fig. 3(a), which is the X-ray diffractogram of the as-cast dride, respectively, were studied and compared in our
La Ca Mg Ni alloy, shows that the alloy former work[7,8]. The results show that the hydriding rate1.8 0.2 16

La Ca Mg Ni is a simple phase intermetallic com- of the slurry consisting of the metal hydride Mg NiH was1.8 0.2 16 2 4

pound. Fig. 3(b), which is the X-ray diffractogram of twice as high as that of the slurry consisting of the Mg Ni2

La Ca Mg Ni alloy, indicates that it contains two alloy. Such results seem to indicate that the metal hydride1.8 0.2 14 3

main phases, La Mg Ni and Mg Ni together with a third Mg NiH has the better catalytic effect for benzene2 16 2 2 4

minor LaNi phase. hydrogenation. Soga et al.[9] also found that the catalytic3

The morphology of the La Ca Mg Ni alloy par- activity of LaNi H was much higher than that of LaNi in1.8 0.2 14 3 5 6 5

ticles was examined by a scanning electron microscope a study of ethylene hydrogenation reaction. They con-
which showed that the as-cast alloy has a smooth surface. cluded that the hydrogen for ethylene hydrogenation

Fig. 4 gives the XPS spectra for Mg and La core process was not provided by H in the system, but by the2p 3d 2

level of the La Ca Mg Ni alloy before and after active H atom from the metal hydride. In the present1.8 0.2 14 3

being sputtered for 10 and 70 min. It can be seen that the hydrogenation reaction at 483 K, the hydrides
samples are oxidized to MgO on the surface. As the

 
 

Fig. 4. Mg and La3d core level spectra of La Ca Mg Ni Fig. 5. The AES depth profiles of the La Ca Mg Ni alloy after2p 5 / 2 1.8 0.2 14 3 1.8 0.2 14 3

particles (t in min gives the sputtering time). sputtering.
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La Ca Mg NiH and La Ca Mg Ni H are still are very active and the metal hydride acts as the catalytic1.8 0.2 16 x 1.8 0.2 14 3 x

able to function as good hydrogenation catalysts. So, in center of the benzene hydrogenation.
such a system, H atoms from the metal hydride are very
active and the metal hydride is the catalytic center of the
benzene hydrogenation. A cknowledgements
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For the slurries composed of La Ca Mg Ni (x51.8 0.2 172x x

1, 3) alloys and benzene, during hydrogenation the alloy
absorbed hydrogen first and then the benzene began to be
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