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Abstract

We investigated the hydrogen storage characteristics oftMg%%TiFe, s,Mng0s (x = 20, 35, and 50) composites prepared by wet me-
chanical milling. TiFgg,_,Mng o anda-Fe phases were formed in these composites by the decomposition g N og after activation.
The kinetics of the hydrogen absorption at low temperature was improved by increasing the amourg Mrikg. These improvements
appear to be attributable to the Tie .Mngog phase, which plays an important role as a pathway for the diffusion of hydrogen into the
Mg matrix. In contrast, the hydrogen desorption temperature decreased as the ameuie ofiginating from TiFge,Mng g increased.
The Mg-50 wt.%TiFgg,Mng g cOmposite started to desorb hydrogen at the same temperature as Mg—50 wt.%Fe composite prepared under
the same milling conditions although the former had much better hydrogen absorption characteristics than the latter at low temperature. We
consider that the presencewfFe probably contributes to the improvement in the hydrogen desorption characteristics.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction composite prepared by wet mechanical milling shows good
hydrogen absorption—desorption characteristics. We believe

Mg is an attractive hydrogen absorbing material because ofthe main factor in the noticeable improvement in the charac-

its high capacity (7.6 wt.%) and low cost. However, itrequires teristics is the formation of Tikg2_Mngos anda-Fe due

high temperature to display practical hydrogen absorption—to the decomposition of the Tigg2Mng gs after activation

desorption characteristi¢d]. There have been many stud- [7]. However, the roles of Tikg,_Mngpg anda-Fe have

ies designed to produce a composite material to solve thisyet to be understood in detail.

important problem. A significant improvement in hydrogen In this study, we investigated the dependence of the hydro-

absorption—desorption kinetics has been achieved by usinggen storage characteristics of Mg—TgleeMng gg compos-

Mg-based nanostructured composites prepared by the meite prepared by wet mechanical milling on the amount of

chanical milling of Mg or Mgk and secondary substances, TiFeyg2Mnggs in order to reveal the roles played by

such as catalytic 3d-transition metals, metal oxides, and TiFeyg>- Mngos and a-Fe in hydrogen absorption—

intermetallic compounds with good hydrogen absorption— desorption.

desorption characteristics at room temperatizes]. We

have also demonstrated that Mg—50wt.%BigAVing o8 2. Experimental

- Mg powder (Furuuchi Chemical; 100 mesh, 99.9%) and
* Corresponding author. Tel.: +81 46 240 2707; fax: +81 46 270 3721. TiFep.92Mno.08 aIon powder (Japan Metals and Chemicals,

E-mail address: kondo@aecl.ntt.co.jp (T. Kondo). _ o ) . . -
1 Present address: NTT R&D Strategy Department, Nippon Telegraph and 100 mesh, 99.9%) were mixed with a composition of Mg

Telephone Corporation, 3-1, Otemachi 2-Chome Chiyoda-ku, Tokyo 100- X Wt.%TiF&y92Mng s (x = 20, 35, and 50). The mixture
8116, Japan. (1.025g) was mechanically milled in absolutehexane
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(4 ml) under an argon atmosphere at a rotation speed of p
600 rpm for 80 h. The milling was carried out according to Z Mg
our previous repof7]. . EI:F?MMHU,(JX

The structures of the composites were characterized by
X-ray diffraction (XRD, Rigaku, MultiFlex) with Cu I& ra-
diation, and scanning electron microscopy (SEM, Jeol, JXA-

o N
- ; i \ o o C o
8621). The internal structure of a composite particle was x =20 . al offo 4o
observed by using SEM with sliced samples, and the ele- N

mental distribution was confirmed by electron probe X-ray B
micro-analysis (EPMA, Jeol, JXA-8621). The hydrogen stor- LMM

age characteristics of the composites were determined by us-
ing an automatic Sievert apparatus (Lesca) and differential X =50 M
T SV
20 40 60

Intensity (a.u.)

scanning calorimetry (DSC, TA Instruments, DSC2910), as

described in our previous repdi. 80

20 (degree)

. . Fig. 2. XRD patterns of Mgewt.%TiFe)92Mng s (x = 20, 35, and 50)
3. Results and discussion composites after activation.

3.1. Microstructure of composites ity at 350°C. All the Mg-TiFey.92Mng 0g composites showed
almost the same hydrogen absorption kinetics at’8be-

Fig. 1 shows backscattering electron images of cross- cause the diffusion of hydrogen into the Mg matrix is very fast
sections of the prepared composite particles. The large darkand does not appear to affect the hydrogen absorption kinet-
part and the fine bright particles in the figure were confirmed ics. However, when the temperature decreased, the hydrogen
by EPMA to correspond to Mg and Tikg2Mng g, respec- absorption kinetics became poor in all the composites and
tively. The morphology of the composite was independent of significant differences in the kinetics were observed among
the amount of TiFgg2Mng og. The TiFe g2Mng og particles the composites. At 100 and 28, the kinetics was improved
were uniformly distributed in the Mg matrix and their sizes by increasing the amount of Ti:gxMng g dispersed in the
were similar among the composites. Mg matrix. This is because the Tif-e-xMng s and/ora-

Fig. 2shows the XRD patterns of the Mg—-Tig&Mng os Fe phases in the activated composite act as a pathway for the
composites with different compositions after activation. diffusion of hydrogen into the Mg matrix.

All the patterns contained peaks attributablectd-e that Table 1shows the dependence of the hydrogen absorp-
became clear as we increased the amount ofglgffng og tion capacity on temperature. The capacities in all the
dispersed in the Mg matrix. This clearly indicates that composites at 350C were similar to their theoretical hy-

TiFep 92— Mng og anda-Fe are formed by the decomposition drogen absorption capacities estimated from the Mg con-

of TiFep.g2Mng g [7]. tent. The reduction in capacity caused by the decrease in
temperature became very noticeable as we decreased the
3.2. Hydrogen absorption characteristics amount of TiFgg2Mng g dispersed in the Mg matrix. Mg—

50 wt.%TiFe g2Mng og composite can absorb almost all the
The hydrogen absorption kinetics and capacities of the hydrogen even at 28C because the successive diffusion of
composites were examined under a hydrogen pressure othe hydrogen into the Mg matrix is retained by large amounts
1.55MPa after activationf-ig. 3 shows the hydrogen ab-  of TiFey g2 Mngos and/ora-Fe.
sorption curves of the composites at various temperatures. On the other hand, the kinetics of the Mg—-50wt.%
In order to normalize the hydrogen absorption kinetics, we TiFep g2Mng og composite was much better than that of the
used a transformed fraction, which we defined as the ratio Mg—50 wt.%Fe composite prepared under the same milling
of the absorbed hydrogen to the hydrogen absorption capac-conditions and it retained its hydrogen absorption capac-

Fig. 1. Backscattering electron images of cross-sections of the composite particles: (a) Mg—20 wid®ifoes; (b) Mg—35 wt.%TiF@ 92Mng og; (C) Mg—
50 wt.%TiFe g2Mng og.
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Fig. 3. Hydrogen absorption curves of composites under a hydrogen pressure of 1.55MPa at 350, 100Cari#)28g9—20 wt.%TiF@ 92Mngos; (A)
Mg—35 wt.%TiF@ 92Mng os; (o) Mg—50 wt.%TiF@ 92Mng.0s; (O) Mg-50 wt.%Fe.

ity even at low temperatures below 10D. This was de-  3.3. Hydrogen desorption characteristics
spite the fact that the:-Fe particles were dispersed more

finely and uniformly in the Mg matrix than the Tigg> The hydrogen desorption characteristics were evaluated
Mng,og particles, as shown iRig. 4. This clearly indicates  using DSC because no hydrogen desorption was detected
that TiFe 9o Mng g is more effective than-Fe for the dif- by the volumetric method at low temperatufég. 5 shows

fusion of hydrogen at low temperature. DSC profiles of the hydrogenated composites under a hydro-

On the basis of the above results, we consider that the im-gen pressure of 0.1 MPa. The endothermic peak attributed
provement in the hydrogen absorption characteristics at low to hydrogen desorption from Mghshifted to a low temper-
temperature can be mainly attributed to the pig2 .Mng og ature with increasing amounts of TigMng og dispersed
phase, which plays an important role as a pathway for the in the Mg matrix, that is, the amount of Tif:g_,Mng s
diffusion of hydrogen into the Mg matrix. Tilg@2—xMng.os
phase probably provides the interface and the short diffu-
sion paths in the Mg matrik7]. However, the reason why
TiFep 92— :Mng og phase promotes the diffusion more effec-
tively thana-Fe phase is not clear. Further investigation is
necessary on this point.

Table 1
Dependence of hydrogen absorption capacity on temperature
Sample Hydrogen absorption capacity (wt.%)
350°C 100°C 25°C
Mg—20 wt.%TiF@ 92Mng os 5.6 3.0 1.8 4088 15.8KY
Mg—35wt.%TiF@ 92Mng 0s 4.7 4.3 2.9
Mg-50 wt.%TiF@.92Mno.os 3.6 3.6 3.5 Fig. 4. Backscattering electron image of cross-section of Mg—50 wt.%Fe
Mg—-50 wt.%Fe 3.6 2.4 1.4

composite particle.
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4. Conclusions

(a)
Y We investigated the microstructure and hydrogen stor-
(b) age characteristics of Mgwt.%TiFey g2Mng og (x = 20, 35,
and 50) composites prepared by wet mechanical milling. For
) all the composites, the Tilgg2Mng g particles were uni-
;i —V— formly distributed in the Mg matrix and their sizes were sim-
O L ilar. After activationa-Fe was formed by the decomposition
= | v of the TiFe) g2Mng og phase and it increased with the amount
g | Heating of TiFey.92Mng og in as-milled composite. The improvement
T i

i in the hydrogen absorption characteristics at low tempera-
/ ture appears to be attributable to the £ Mng og phase,

i which promotes the diffusion of hydrogen into the Mg ma-
trix. In contrast, the improvement in the hydrogen desorp-
i tion characteristics is probably due to the catalytic effect

i of a-Fe.
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