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Hydrogen Absorption/Desorption Behavior of a Cold-Rolled TiFe Intermetallic Compound
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The (de)hydrogenation properties of a TiFe intermetallic compound (IMC) alloy activated by
cold rolling inside a glovebox at ambient temperature were investigated by kinetic measurements,
x-ray powder diffraction (XRD), and transmission electron microscopy (TEM). Rate-limiting steps
were identified by testing kinetic models on hydrogen absorption and desorption curves. To prevent
surface poisoning during air exposure, the TiFe IMC was also cold rolled with polytetrafluoroethylene
(PTFE) and ultra-high molecular weight polyethylene (UHMWPE). The addition of either PTFE or
UHMWPE to nanostructured TiFe by cold rolling did not produce a polymer-metal composite with
O, poisoning resistance, regardless of the polymer-mixing way adopted. This occurred because large
surfaces of the particles were not adequately coated with polymer. The results identify challenges to
the TiFe IMC polymer-covered material that must be overcome before a methodology can significantly
contribute to the formation of nanostructured TiFe-polymer composites with enhanced hydrogen
storage properties. The diffusion-controlled reactions in the cold-rolled TiFe IMC without polymer
were prevalent in all cases, as predicted by the Jander three-dimensional diffusion model. The main
contribution of this work regards estimation of the amount of hydrogen released, which was 0.60%

)

after 6 min and reproducible for the three subsequent cycles.
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1. Introduction

The TiFe intermetallic compound (IMC) is a low-cost
material of great interest to hydrogen storage in the solid-state
due to its theoretical hydrogen storage capacity (1.9 wt.%)
at ambient temperature. However, if manufactured only by
casting, the TiFe IMC does not absorb hydrogen, unless
further processed by some deformation method responsible for
producing nanometer-sized microstructures'. Nanostructured
TiFe alloys can react highly, exothermically and reversibly,
with hydrogen at ambient temperature to form hydrides of the
approximate compositions: TiFeH and TiFeH,**. In this case,
the hydrogen capacity of nanostructured TiFe can reach up
to ~1.4 wt.% in practice’, but only under inert atmosphere,
since its first hydrogenation process is heavily impaired by
air contamination'®!". To overcome this problem, a systematic
repetition of several thermal cycles that involves previously
heating the TiFe IMC to ~400 °C under vacuum™>'>'” must
be employed®.

Many researchers have studied the first hydrogen
absorption in nanostructured TiFe without thermal
activation®*!*33. Two main strategies have been employed
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to solve the activation problem of TiFe IMC. One of them
is based on chemical methods through addition of Mn or
Zr to TiFe IMC; the mechanism of activation is attributed
to surface activation and easy hydrogen dissociation.
A second strategy is based on mechanical methods - ball
milling, rolling, and high-pressure torsion, whose activation
mechanisms are attributed to hydrogen diffusion through
microstructural pathways. Thus, these methods provide a
way to mechanically (re-)activate hydride-forming materials
via microstructural modifications (such as grain refinement
process) that enhance the pathways to diffuse the hydrogen
atoms within the material. The target of both strategies is to
handle the material in air, and not under inert gas or vacuum.

Manna et al.?* prepared TiFe IMC with 4 wt% Zr using
an induction melting process - crushing it and exposing it
to air for seven days, and observed that a secondary Zr-rich
phase in the alloy enabled its activation by ball milling and
cold rolling. This secondary phase acts as a gateway for
hydrogen, and probably does not oxidize as easily as the
TiFe IMC itself. Edalati et al.** processed TiFe IMC using
groove rolling and observed that surface segregation is not
essential for activation by plastic deformation. Still, the
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formation of sub-grain and grain boundaries and cracks that
act as pathways to transport hydrogen through the oxide
layer is the main reason for activation.

Vega et al.? evaluated the cold rolling process under
inert atmospheres as a mechanical activation route of
stoichiometric TiFe prepared by arc melting. The ingot was
ground and then cold rolled up to 20 and 40 passes. Cold-
rolled samples exhibited rapid hydrogen absorption during
the first hydrogenation at ambient temperature and without
any previous thermal reactivation process. This was attributed
to the crystalline defects introduced to the microstructure of
the TiFe IMC that could act efficiently on the clean surface,
with no poisoning effects. The main result of that study is
that the cold rolling process provided excellent hydrogen
absorption kinetics of the stoichiometric TiFe compared
with other severe plastic deformation (SPD) techniques*®.

However, to the best of our knowledge, there are no reports
in the literature evaluating in detail the dehydrogenation
kinetics of nanostructured TiFe intermetallic alloys.
Few studies have determined the discharge capacity and
cycle life of nanocrystalline TiFe electrodes®’. Recognizing
this, we measured the (de)absorption kinetics of the TiFe
IMC activated by cold rolling under a protective atmosphere.
We also identified the rate-limiting step for transformation
kinetics by fitting analytical rate expressions (from kinetic
models) to the experimental data.

It is worth mentioning that even if the cold rolling
processing route is a powerful tool to reduce the activation
time and costs for hydride metallic alloys, the nanostructured
TiFe obtained by this technique is reported, as previously
mentioned, to not resist surface poisoning by the contaminants
present in the air®. Thus, the addition of specific polymers to
hydride-forming metal powders has been the subject of some
experimental studies that aimed to produce nanostructured
metal-polymer composite materials with the potential of
simultaneously react with hydrogen and resist surface
poisoning. This ensures good mechanical stability, high
thermal conductivity, fast kinetics, reproducibility, and
durability to these composites***2. Various polymeric materials
have been considered in that respect, among which PTFE
and ABS stand out as candidates that can offer prominent
advantages. In these cases, the preparation procedure of such
nanostructured metal-polymer composites usually involves
high-energy ball milling (HEBM)***2. HEBM is responsible
for the mechanical activation of the powder and the deposition
of the polymer on its activated surfaces together with the
mixture homogenization. However, the preparation of such
nanocomposites based on the HEBM technique is expensive
and time-consuming. Recognizing the role of surface in
the reactivity of metallic materials with hydrogen and the
impurities present in the air, this investigation includes an
analysis of the use of the cold rolling process to produce
nanostructured TiFe with polymer covering in an attempt
to improve its resistance to air.

2. Experimental Details

2.1. Preparation of the TiFe alloy

ATiFe IMC alloy with a composition of 50 wt.% Fe and
50 wt.% Ti was produced by melting in an arc furnace under
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argon atmosphere. The loaded materials were re-melted five
times and turned on their opposite sides without opening the
chamber, resulting in 15 g of homogenized bulk material.

2.2. Cold rolling of the TiFe IMC alloy

The cast material was hand broken under air using a
mortar and pestle to produce pieces with largest average
particle size of ~6 mm. The cold rolling processing of
these pieces was vertically conducted on a homemade
experimental rolling mill composed of two rolls made of
tool steel (6.4 mm in diameter and 8 cm length) placed
inside a glovebox (MBRAUN LAB Master 130). The TiFe
IMC alloy pieces were subjected to cold rolling aiming to
produce nanostructured TiFe powder under both inert and
air atmospheres. The polymer protection was applied to the
TiFe IMC alloy powder by the cold rolling process only
under inert atmosphere (inside the glovebox).

Initially, the amount of 500 mg of TiFe IMC pieces was
placed between the rolls with a distance of ~6 mm between
them and cold rolled with gradual approach of the rolls until
they touch each other (i.e., reaching the minimum distance).
Once the powder was formed (after reaching the minimum
distance between the rolls), the cold rolling was performed up
to 20 deformation passes. All steps were conducted at 50 rpm.
The TiFe IMC powders were collected from a compartment
located below the vertical rolls of the mill. The level of
oxygen incorporation into the nanostructured TiFe powder
produced under air atmosphere (and its deleterious effect
on its reactivity with hydrogen) was evaluated by chemical
analysis using an elemental analyzer ONH836 (Leco).

The cold rolling technique was also used to cover the
TiFe powder with polytetrafluoroethylene (PTFE) and
ultra-high molecular weight polyethylene (UHMWPE).
PTFE and UHMWPE were selected as inert binders because
of their different temperatures of physical and chemical
stability, physisorption characteristics, and protection against
oxidation*-*2. The polymer powder was added to the TiFe
IMC through the cold rolling route in the same experimental
rolling mill and under both atmospheres (argon and air) in two
ways: (a) since the beginning of the cold rolling processing,
that is, simultaneously with the TiFe IMC pieces, and (b)
after the TiFe IMC pieces were cold rolled. The latter was
performed to mix and compact the polymer material to the
nanostructured TiFe powder using a few rolling passes.
In all cases, the polymer and the TiFe IMC materials were
weighed in the proportion of 30:70 wt.%, respectively,
with 70% mass corresponding to 500 mg of metal alloy.
The samples produced inside the glove box were placed in
the reactor of the Sieverts apparatus outside the glove box to
verify the cover efficiency in terms of hydrogen absorption
and air poisoning.

2.3. Characterization of the TiFe IMC alloy with
and without polymer covering

Phase analysis was conducted by X-ray powder diffraction
(XRD) in a Siemens D5005 diffractometer with Cu-Ka
radiation at 40 kV and 40 mA. The collected data were
processed using the X’Pert HighScore Plus software. The cold-
rolled nanostructured TiFe was examined by transmission
electron microscopy (TEM) using the field emission gun
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(FEG) equipment (FEI Tecnai G? F20) at 200 kV. The TiFe
IMC was also analyzed by optical microscopy (OM) in an
Olympus optical microscope, model BX41M/2ED, with a
polarizing filter. The samples were prepared by hot embedding
with Bakelite in granulated powder form, sanding, and
automatic polishing, using #1200 and #2000 sandpaper
and 1/4 um diamond paste. The surfaces were etched in a
solution of 15 mL 5% Nital +4 mL HCI + 10 mL FeCl, for
1 min and then cleaned with methyl alcohol under a hot
air jet. Scanning electron microscopy (SEM) analysis was
carried out in the Philip XL-30 FEG microscope equipped
with energy dispersive x-ray spectrometry (EDS) to evaluate
the particle size, microstructure defects, and surface features
of the particles and to understand the effectiveness of the
polymer covering applied through the cold rolling route.
The alloy particles were added to ethanol and dropped onto
a sample holder.

2.4. (De)hydrogenation measurements

Hydrogenation and dehydrogenation data of the cold-
rolled nanostructured TiFe IMC, with and without polymer
covering, were obtained using a homemade Sieverts-type
apparatus installed in the Metal Hydrogen Laboratory (LH2M)
at the Federal University of Sao Carlos (UFSCar). Kinetic
measurements were performed at room temperature under
hydrogen (20 bar) for the absorption cycles and vacuum
(0.07 bar) for the desorption cycles.

Kinetic experimental data were used to identify the rate-
limiting step of the hydriding and dehydriding reactions in the
cold-rolled TiFe IMC. The slowest step can be deduced by
fitting the data with the analytical expression of the various
kinetic models listed in Table 1. Good reviews describing kinetic
models have already been published*##73°, The classical
model designation®, as well as a more identifiable designation,
adopted before by Lang et al.!, are given in Table 1.
The best-fitted model indicates the most probable limiting
step. A widespread and most straightforward procedure to
find this out®*? is to arrange the model equations by leaving,
on the left side, a function of the reacted fraction o, which

ranges from 0 (at the beginning of reaction) to 1 (maximum
attained sample capacity). The right side of all equations
is kt: where k is the reaction constant and 7 is the reaction
time. The best-fitted model then gives a straight line, and the
fitness quality can be measured by the squared correlation
coefficient R%, calculated in the regression analysis by the
least-squares method.

3. Results and Discussion

3.1. Microstructure characterization of cold-
rolled TiFe IMC without polymer covering

The XRD patterns of the TiFe IMC alloy before and after
cold rolling are shown in Figure 1. The patterns only show
peaks belonging to the TiFe IMC cubic phase (Pm-3m space
group) for both conditions. The cold rolling process causes
the XRD peaks to reduce in intensity with the disappearance
of'the two small peaks around 30 and 71°, which agrees with
the larger amount of powder particles produced through
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Figure 1. XRD spectra of the TiFe IMC alloy in the as-cast and
cold-rolled conditions.

Table 1. Equations used for fitting the experimental sorption data (a is the reacted fraction as defined in the text)

Integral form of the

kinetics model: Current model

Classical model

Description

o(0) = kt designation designation
o R1 Chemisorption Surface controlled; one-dimensional interface reaction**
1= (1—ay” R2 CV-2D: Contracting volume; two-dimensional growth with constant
’ interface velocity*
Contracting volume; three-dimensional growth with constant
— — 1/3 a )
1=~ R3 CV-3D interface velocity**
Ginstling-Brounshtein; two-dimensional growth, diffusion-
- ~a)+ D
(1-0)In(1-0) + D2 GB-2D: controlled with decreasing interface velocity*#°
Ginstling-Brounshtein; three-dimensional growth, diffusion-
_ (1 = q)23 2 5 s
1-@a3)=(-0o D4 GB-3D: controlled with decreasing interface velocity**
Jander; constant volume, diffusion-controlled with constant
_(1 - )32 . 5 5
[1- (- )] b3 Jander: diffusion interface area**
Johnson-Mehl-Avrami; two-dimensional growth of existing nuclei
— — 12 = . ]
[In(l ~ )] A2 IMA-2D: with constant interface velocity*#*
[In(1 - a)]'® A3 TMA-3D Johnson-Mehl-Avrami; three-dimensional growth of existing

nuclei with constant interface velocity*#*
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the cold rolling route®. The strain associated with the
sample cold work leads to micro-stresses responsible for
the broadening of the experimental diffraction peaks of the
cold-rolled TiFe IMC*.

Optical microscopy and SEM observations of the TiFe
IMC alloy in the as-cast and cold-rolled conditions are given
in Figure 2. Grains in the bulk cast alloy are equiaxed with
a mean size of ~500 pum, as shown in Figure 2a. By cold
rolling, slightly porous agglomerated powder particles were
produced from the bulk material, as illustrated in Figure 2b.
In Figure 2c, the agglomerated powder particles can be
observed at greater magnification, and show individual irregular
sub-micrometric particles. The surface SEM image of these
agglomerated powder particles is shown in Figure 2d, where
many cracks with a length of a few micrometers developed
after the TiFe IMC was cold-rolled can be observed.

TEM observation confirms that the cold rolling process
produced powder particles in the range from about 200 to
500 nm, as shown in Figure 3a. The grain size evaluated from
the TEM micrograph at higher magnification is confirmed to
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be ~10 nm, as shown in Figure 3b. The electron diffraction
pattern presented in Figure 3c is a cubic CsCl type TiFe
IMC structure.

3.2. Hydrogen storage behavior of cold-rolled
TiFe IMC without polymer covering

Once the samples were activated by cold rolling, they
could be cyclically hydrogenated. The absorption and
desorption curves of the cold-rolled nanostructured TiFe
IMC are shown in Figure 4a, where cycle 1 corresponds
to the first absorption/desorption measurement performed
immediately after the mechanical activation procedure. In the
present case, determination of the optimal cut-off value on
the datasheet was inaccurate due to an error in the equipment
pressure sensors, which corresponds to a pressure variation
of +0.15 bar. Any value measured within that cannot be
associated with variations in the material hydrogen storage
properties. Therefore, as the largest difference between
either absorption or desorption measurements found here
was +0.14 bar (Figure 4b), this was considered within the

— 100 pm —

Figure 2. (a) Optical microscopy of the TiFe IMC alloy as-cast (bulk) and (b), (c), and (d) SEM microstructures with magnification of
200x, 100,000x, and 500x, respectively, of the particles formed by cold rolling.
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Figure 3. TEM observation of the cold-rolled TiFe IMC alloy: (a) dark-field image of an individual nanometer-sized particle; (b) grain
size of ‘a’ shown at higher magnification, (¢) corresponding the SAED pattern ([110], [200], and [211]).
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Figure 4. (a) (De)hydrogenation kinetics of the first four cycles, (b) first cycle presented in more detail, and (c) amount of absorbed and
released hydrogen as a function of the number of cycles at ambient temperature under 20-bar hydrogen pressure of the cold-rolled TiFe

IMC alloy.

acceptable error in the equipment sensors. Thus, it is assumed
that all experimental curves obtained either for the absorption
or for the desorption process during the measurements can
be considered equivalent, that is, they reproduce similar
capacity and kinetics behaviors, as shown below.

It is possible to observe that the cold-rolled TiFe IMC
shows no incubation time and readily absorbs hydrogen, as
already shown by Vega et al.2. The alloy absorbs ~1.0 wt%
hydrogen after 45 min (see the red point in Figure 4b at
ambient temperature under an initial hydrogen pressure of
20 bar; however, most of the hydrogen is absorbed within
the first 8 min of reaction. Our results agree with those
reported by Vega et al.?, who also found quick hydrogen
absorption kinetics for TiFe IMC alloy after its activation
by cold rolling under inert atmosphere. Haraki et al.’! also
found 0.9 and 1.4 wt% hydrogen, respectively, for the 1%
and 2" hydrogen absorptions within 50 min in equiatomic
TiFe IMC samples processed by mechanical alloying (MA)
and mechanical grinding (MG) for 2 h. Most references
on hydrogen storage in nanostructured TiFe IMC report
hydrogen uptake capacity from 0.9°! to 1.9 wt% at ambient
temperature and pressures from 5 to 20 bar®'. The powder
particle surface and the inert atmosphere greatly influence
hydrogen absorption properties, regardless of the hydrogen
absorption cycle. Although the most agglomerated TiFe IMC
powder particles have particle sizes of several microns, they

have a highly developed surface area (cracks and nanosize
grains) that provide good hydrogenation properties.
During dehydrogenation, the alloy can release up to
0.60 wt% hydrogen after only 2.5 min (see the open symbol
in Figure 4b. At this point, the alloy slows down the rate of
further dehydrogenation and takes another 5.5 min to release a
total of ~0.65 wt% hydrogen. A small difference between the
amounts of absorbed and desorbed hydrogen could be due to
loss of information that was not saved. The dehydrogenation
process under vacuum (0.1 bar) is very fast in the TiFe IMC.
A small hydrogen amount may be retained in the alloy after
each dehydrogenation cycle as a result of the low hydrogen
pressure plateau at ambient temperature for the TiFeH hydride.
Thus, the smaller hydrogen amount released compared with
that absorbed for each cycle could be attributed mainly to
hydrogen retention in the alloy (the amount of retained
hydride is insufficient to be detected by XRD). Although the
dehydrogenation data are difficult measure, such findings
are of particular importance because there is no previous
research (to our knowledge) on desorption behavior using
particle size distribution (PCT) measurements on the TiFe
IMC alloy. A literature survey shows that many experimental
data sets of the activation process have been collected and
studied for the nanostructured TiFe IMC alloy, and useful
processing routes have been proposed; however, they lack
dehydrogenation kinetics results. Thus, our findings present a
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reasonable basis for understanding dehydrogenation kinetics
and its mechanism in the nanostructured TiFe IMC alloy.

3.3. Kinetics modelling of the hydrogenation of
TiFe IMC without polymer covering

Figures 5 and 6 present plots of the equations presented
in Table 1 as a function of the reacted fraction (o) for the first
and fourth hydrogen absorption/desorption cycles. Linear
fitting curves are also shown, and were calculated from 10 to
90% of the reacted fraction to avoid the effect of the transient
period at the beginning and end of reaction. Table 2 shows
the adjusted R? values (correlation coefficients) of the curves
shown in Figures 5 and 6.

2.0
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Figures 5 and 6 show that the Jander, GB-3D and GB-
2D models always best fitted the experimental data from
the four samples. The Jander model, however, always has
higher adjusted R? values, as shown in Table 2. The rate-
limiting step has then not changed with cycling, despite the
variations in the adjustment. It was clear that the adjustment
was better on desorption than adsorption, but the reason for
that was not clear at this time. In other reports on TiFe IMC
alloys, R? values ranged from 0.946 to 0.996*. Therefore,
the adjustment from this study can be considered good.
Analysis of Table 2 also shows that there was a systematic
decrease in the adjustment quality from cycles 1 to 4. This
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Figure 5. Linear fitting of the rate-limiting step models for the first hydrogenation and dehydrogenation of cold-rolled TiFe IMC.
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Figure 6. Linear fitting of the rate-limiting step models for the fourth hydrogenation and dehydrogenation of cold-rolled TiFe IMC.

Table 2. Adjusted R? values for absorption and desorption rate-limiting step model regressions

Model Cycle 1 (absorption) Cycle 1 (desorption) Cycle 4 (absorption) Cycle 4 (desorption)
Chemisorption 0.67634 0.82872 0.67218 0.79711
CV-2D 0.79834 0.91497 0.79479 0.88520
CV-3D 0.83503 0.93859 0.83162 0.91041
GB-2D 0.86978 0.96312 0.86461 0.93461
GB-3D 0.89828 0.97686 0.89309 0.95141
Jander 0.94212 0.99308 0.93691 0.97489
IMA-2D 0.80655 0.91400 0.80381 0.88684
IMA-3D 0.76524 0.88174 0.76240 0.85448
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can be a result of some amount of hydrogen retained in the
host material with cycling, as previously mentioned.

The three previous models are based on diffusion-
controlled reactions and assumed a decreasing interface
velocity as the reaction progresses™. In contrast, the Jander
model (or D3)* assumed a constant diffusion interface
area for a spherical particle, which overestimated the area.
The Ginstling-Brounshtein models (GB-3D or D4, and
GB-2D or D2) removed that assumption. Despite that, the
best fitting values obtained here cannot be disregarded.
Actually, the Jander model can be used in practice for
small particles, since they can meet the assumptions of this
model*. It has been previously observed* that the absorption
kinetics of ball-milled TiFe IMC is also best fitted by the
Jander model. In other investigations conducted on TiFe
IMC with additives®®*, the GB-3D model was best fitted
to the data. However, the Jander model was not considered
by those authors. In other hydrogen storage systems, such
as nanocrystalline Ti-catalyzed MgH,*' and La-based metal
hydride® alloys, the Jander model closely matched the
reaction kinetics data.

It is worth mentioning that, one of the variants of the Chou
model®, not tested here, which deals with the diffusion of
hydrogen, is mathematically equivalent to the Jander model,
which makes the use, or not, of this model a controversial
issue. Further investigations are underway to clarify this
issue, and will be the subject of a future work.

3.4. Evaluation of covering cold rolled TiFe with
polymeric materials

Due to the evaluated degree of oxygen incorporation,
PTFE and UHMWPE were added to the TiFe IMC processed
by cold rolling under inert and air atmospheres. The objective
was to assess the possibility of avoiding the poisoning
of the nanocrystalline TiFe IMC alloy, allowing its use
in a more practical way - that is, without the need for an
inert atmosphere - for hydrogen storage. After addition of
the polymers, a reduction in the effect of air exposure on
H, sorption kinetics of the alloy was expected; the hydrogen
does not react with the polymer molecules, but it can permeate
easily through them®.

SEM images of the PTFE- and UHMWPE-TiFe
IMC composites fabricated using (1) polymer deposition
simultaneously with the TiFe IMC pieces (regardless of the
environment), or (2) polymer deposition after the TiFe IMC
pieces were cold rolled under air are omitted here. According
to the unfavorable results obtained in those cases, it was
decided that only the composites developed using polymer
addition after the TiFe IMC pieces had been cold rolled
under inert atmosphere would be evaluated. Thus, top and
cross-sectional SEM images (BSE mode) of the PTFE- and
UHMWPE-TiFe IMC composites produced under such
conditions are displayed in Figures 7 and 8, respectively.
It was impossible to collect images from the cross-section
of the UHMWPE-TiFe IMC composite due to its fragility.

Thus, the composites are thin-film sheets of TiFe IMC
particles (bright areas) embedded in the polymer material

Figure 7. SEM image (BSE mode) of the (a-b) top and (c-d) cross-section of the PTFE-TiFe IMC composite.
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Figure 8. SEM image (BSE mode) of the top cross-section of the UHMWPE-TiFe IMC composite. Magnification of (a) 500x and (b) 1000x.

(dark areas). However, poor interfacial adhesion of the
polymer to the TiFe IMC particles is verified from the
top view, regardless of the employed polymer material.
Excessive deformation of the polymer was responsible for
its rupture and the exposure of the TiFe IMC particles. From
the cross-section view, the particles were covered adequately
throughout the thickness, but those near the surface are also
partially exposed to air. It was observed that none of the
composites absorbed hydrogen because of the immediate
poisoning of the TiFe IMC particles when in contact with
air. The same conclusion emerged for the UHMWPE-TiFe
IMC composite, as shown in Figure 8. In both cases, the
oxygen level measurements were not carried out because the
polymers could damage the LECO equipment. Although the
results are not promising, they assist in understanding the
limited effectiveness of the cold rolling process to incorporate
protective polymer covering onto TiFe IMC. To address the
issue of covering TiFe IMC particles, the possibility of using
a hot-press mold and efficiently blend the alloy particles with
the polymer may be experimentally assessed.

4. Conclusions

Hydrogen desorption kinetics at room temperature,
which has not been reported before, and hydrogen
absorption kinetics were measured for a cold-rolled TiFe
IMC alloy processed under inert atmosphere. Cold rolling
was successful in activating the samples that were prone
to absorb hydrogen without additional thermal treatments.
The samples exhibited fast hydrogenation/dehydrogenation
kinetics, mainly attributed to the cracks on the surface of
powder particles and to refined grain sizes. Absorption/
desorption capacities reached approximately 1.1 and 0.7 wt%
hydrogen, respectively. The Jander diffusion model, where
the reaction rate decreases proportionally with the thickness
of the product layer, best fitted both hydriding/dehydriding
kinetics. Since the same model was shown to be prevalent
on the absorption kinetics of mechanically ball-milled TiFe
IMC alloy, the assumption of a constant diffusion interface
area for a spherical particle (as stated by Jander), although
geometrically imprecise, should be considered at least a
valid approximation.

Based on the preliminary results showed here for the
TiFe IMC alloy with polymer processed by the cold rolling

technique, polymer adhesion to the metal surface is a significant
issue to be solved. Further experiments are being planned
to attempt a better covering procedure.
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