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TiFe intermetallic, a candidate for hydrogen storage, does not absorb hydrogen
easily because of difficult activation, while TiFe processed by HPT absorb hydrogen. We showed that the
activation is due to (i) enhanced diffusion, (ii) surface segregation of Fe-rich islands and (iii)
formation of grain boundaries.

To investigate the importance of grain boundaries, TiFe was processed by 4 routes. The annealed sample,
with micrometer grain sizes, didn"t absorb hydrogen. The groove-rolled sample, with submicrometer
subgrain sizes, was partially activated. The HPT-processed and ball-milled samples, with nanograins, were
fully activated. Therefore, the activation becomes easier when nanograins form.

Mg2Ni intermetallic was also processed by HPT and its hydrogenation was examined. While Mg2Ni after
annealing absorbed hydrogen partially, the HPT-processed sample fully absorbed hydrogen at 423 K. It was
concluded that the large fractions of grain boundaries are responsible for activation.
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TiFe intermetallic compound is a
potential candidate for the solid-state stationary
hydrogen storage systems, but it does not
absorb hydrogen without an activation process
because of surface oxidation. However, TiFe
severely deformed by high-pressure torsion
(HPT) absorbs and desorbs hydrogen at room
temperature without activation process. The
mechanism underlying this activation by HPT
processing was not reported in the earlier
publications.

The purpose of this research was to
understand the activation mechanism by HPT
and investigate the effect of processing
parameters on this activation.

TiFe is severely deformed using HPT
under different conditions of shear strain to
investigate the activation mechanism for
hydrogen storage. The surface condition and
oxidation are examined by scanning electron
microscopy, X-ray photoelectron spectroscopy
and Auger electron spectroscopy, and the
internal  microstructure of the samples is
examined using different techniques of
€lectron microscopy.

In order to understand the activation
mechanism, plastic strain was also introduced
in TiFe samples using other processing
techniques such as groove rolling and ball
milling a room temperature. Moreover,
another intermetallic compounds as MgNi,
which partialy suffers from difficult activation,
was processed by HPT method and its
activation was investigated at a temperature of
423 K.

We showed that TiFe processed by HPT
method for various levels of strain (i.e., various
numbers of turns) absorb and desorb hydrogen
a room temperature without any extra
activation process. It was shown that the
activation of TiFe sample is due to (i)
enhanced diffusion of hydrogen, (ii)
segregation of cataytically active Fe-rich
phase and (iii) formation of large fraction of
grain boundaries as pathways to transport
hydrogen through the oxide layer. The
schematic illustration of activation mechanism
isshownin Fig. 1.

Fig. 1. Schematic illustration of activation
mechanism of TiFe by HPT.

In order to investigate the importance of
grain boundaries, TiFe was processed by four
different routes and the activation was
investigated. The microstructures of samples
processed by these routes are shown in Fig. 2.

=
®
m

Fig. 1. Microstructure of TiFe samples after
(a,b) annedling, (c,d) grooveralling, (ef) HPT,
and (g,h) ball milling.

As shown in Fig. 3, the annealed sample,
with micrometer grain sizes, did not absorb
hydrogen. The grooverolled sample, with



submicrometer subgrain sizes, was partially
activated. The HPT-processed sample, with
grain sizes in the range of nanometer to
submicrometer, was fully activated under 2
MPa. The ball-milled sample, with nanometer
grain sizes, was fully activated under 1 MPa.
Therefore, the activation becomes easier when
the grain sizeis smaller.
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Figure 1. Decreasing activation pressure of
TiFe by decreasing grain size.

In order to investigate the effect of grain
boundaries on activation, another intermetallic,
Mg:Ni, was processed by HPT. While Mg,Ni
after annealing absorbed hydrogen partialy, in
the first hydrogenation cycle, as shown in Fig.
4, the HPT-processed sample fully absorbed
hydrogen a 423 K from the first
hydrogenation cycle. The current part of study
aso confirms that the large fractions of grain
boundaries are responsible not only for
activation of TiFe but also for activation of
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