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Abstract TiH2 decomposes over a range of temperatures

strongly influenced by diverse factors including particle

size. In the present research, a systematic study of the

dehydrogenation behavior of TiH2 powder of different

particle size distribution was undertaken with the aid of

thermogravimetric analysis. The effect of this parameter on

aluminum foaming was evaluated. It was found that when

TiH2 exceeds a critical particle size (around 50 lm),

dehydrogenation occurs as a single desorption event with

onset temperatures around 500 �C. The reduction of par-

ticle size, besides reducing the onset of hydrogen release,

decreases the dehydrogenation rate. As a result, the first

dehydrogenation event gets sharper and tends to overlap

with the second with increasing particle size. The use of

selected powders on foaming showed that the final foam

expansion and porosity features, such as pore size, pore

density, and homogeneity are largely influenced by the

particle size distribution of the foaming powder. TiH2 of

the largest particle size was the most suitable for foaming

pure aluminum.

Abbreviations

PM Powder metallurgy

FEG-SEM Field emission electron microscopy

XRD X-ray diffraction

TG Thermogravimetric

DTG Differential thermogravimetric

Introduction

Aluminum foams are cellular solids that, owing to their

closed-cell porous morphology, exhibit an interesting set of

physical and mechanical properties1 with potential appli-

cation for a wide range of structural components. Among

the liquid-processing techniques for aluminum foam pro-

cessing, the powder metallurgy (PM) method is of partic-

ular importance as near-net shapes can be manufactured.

However, the technique is still subject of continual effort to

optimize the processing variables, improve the foam

properties, and reduce the process cost [1, 2]. The PM

process takes place in three main steps; the first consists of

mixing pure or pre-alloyed aluminum powders with a

foaming agent, usually TiH2. Second, the powder mix is

consolidated to obtain a highly dense foam-precursor using

techniques like hot pressing or extrusion. Finally, the foam-

precursor is heated above the liquidus temperature of

the alloy. At this stage, the gas pressure originated from the

decomposition reaction of the foaming agent causes the

precursor expansion, creating a highly porous semi-solid

material that after rapid solidification produces the metallic

foam. By foaming inside a mould [3] or by filling hollow

profiles [4] further machining can be avoided and light and

stiff structural components can be obtained.
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To produce good-quality foams, the blowing agent,

defined as a material that decomposes under the influence of

heat releasing gas, must be non-detrimental to the alumi-

num alloy. Furthermore, the gas release must proceed as

close as possible to the mushy zone of the alloy. The fact

that in practice the foaming agent decomposes far before is

believed to be one of the causes of a lack of pore uniformity

and non-reproducible properties of foams [5]. Up to now,

some metallic hydrides, such as TiH2, ZrH2, and MgH2 [6],

and carbonates like MgCO3 [7] and CaCO3 [8, 9] have been

used in metallic foam’s preparation. However, TiH2 is the

most common blowing agent for aluminum foaming as its

dehydrogenation reaction is the closest to the melting point

of aluminum, and very low contents (around 1 wt%) render

a large amount of gas sufficient to create a high degree of

porosity. Furthermore, this hydride reversible dehydroge-

nation reaction is also of interest for hydrogen storage

research. TiH2 decomposition reaction is strongly depen-

dent on several factors, such as particle size [10], amount of

initial surface oxidation [11, 12], the atmosphere in which

hydrides are heated [6, 11] and heating rate [13]. The

hydride dehydrogenation behavior as well as its reaction

kinetics have been widely investigated [14–19]. The crystal

structure changes of TiH2 when heated in inert atmospheres

are complex. Phase changes are conditioned by the char-

acter of phase transformations in the Ti–H system and the

processes occurring in the surface layer [20]. The richest

phase in hydrogen is c-TiH2; at 27 �C, it consists of a f.c.c

structure in which lattice positions are occupied by titanium

atoms and the tetrahedral interstices are occupied by

hydrogen atoms. The range of homogeneity of the c-phase

has been reported to extend over a concentration range of

1.5 \ x \ 1.94 (60–66 at.% H) [16]. Within this range, at

TiH1.5 (60% at.) neutron diffraction has shown that hydro-

gen atoms are randomly distributed in the tetrahedral

interstices of the calcium fluoride type structure [21]. At

higher hydrogen concentration (1.8 \ x \ 2), ordered fill-

ing of tetrahedral holes occurs, which causes the unit cell to

exhibit a tetragonal distortion because of a Jahn–Teller

distortion [22]. At lower hydrogen contents (x B 1.5), b-

TiH2, a b.c.c. phase that may contain up to 50% at. of

hydrogen and a-TiH2 a h.c.p. phase containing minor

amounts of hydrogen [20] take place. The dehydrogenation

process as observed by differential thermal analyses (in

inert atmospheres) is reported to take place in two steps [10,

23]. It has been proposed that the first dehydrogenation

event is related to hydrogen losses from c-TiH2 within its

homogeneity range, caused by the transformations of sur-

face hydride species, and that the second and larger endo-

therm is associated with the phase transformation process

from c-TiH1.53 ? b-TiH0.87 ? 0.33 H2. Further heating

would induce a gradual loss of hydrogen from the b-phase

not accompanied by well-defined thermal events [17].

Lavrenko et al. [24], on the other hand, referred to the first

endothermic peak as a transfer of hydrogen atoms from

tetrahedral to octahedral lattice sites, accompanied by

approximately 20% of hydrogen release and related the

second endothermic peak to the removal of a larger pro-

portion of the remaining hydrogen from octahedral sites.

More recently, Bhosle et al. [10] determined that the

intermediate phase, TiHx, is particle size dependent and that

x can have values in the range of 0.7 \ x \ 1.1. The

intermediate phase is formed by the hydride partial dehy-

drogenation and remains thermally stable at temperatures

higher than that of TiH2 as a consequence of a larger acti-

vation energy for decomposition. Furthermore, the onset of

dehydrogenation has been found to be particle size depen-

dent. The effect of reducing MgH2 and TiH2 particle size on

hydrogen release has been explored for the field of hydro-

gen storage, where low temperatures of decomposition are

desirable [10, 25]. In both research studies, an important

reduction of the onset temperature of hydrides, decompo-

sition in ultrafine (nanometric) compared to micron-sized

powders was observed. For TiH2, this effect has been

attributed to the large surface energy associated with a

nanoscale crystal size and to the increase of defect con-

centration due to the cold work induced by the milling

process used for reducing the powder size. Having this

precedent in mind, the particle size and thus the surface area

of the foaming agent must play an important role in alu-

minum foaming. This research is motivated by establishing

the effect of controlling the TiH2 particle size in aluminum

foam’s manufacture, keeping in mind that, during the

foaming process, particles of different particle size would

release hydrogen at different temperatures, thus having an

effect on pore nucleation and foaming efficiency.

Experimental procedure

Pure aluminum powders from Alfa-Aesar were used as the

foam matrix. The powders used as foaming agents were:

TiH2 grade G, and TiH2 grade VM provided by Chemetall

GmbH with a specific particle size range, along with TiH2

powders from Alfa-Aesar with a broader particle size dis-

tribution, denominated: TiH2-AR. Table 1 shows the

powder’s specifications given by the manufacturer and the

powder size spectrum measured using a Laser Scattering

Particle Size Distribution Analyzer (Horiba LA-920). The

powder oxygen content was determined using a Leco

TCH600 simultaneous nitrogen/oxygen/hydrogen analyzer.

Alternatively, TiH2-AR powder was separated into five

fractions using a Warman-M4 cyclosizer apparatus. The

cyclosizer allows the determination of particle size distri-

bution within the sub-sieve range. It is an elutriator in

which a mass of particles is separated into fractions with
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the aid of staged hydraulic cyclones, where the particles are

separated according to their Stokes equivalent diameter.

The effective separating range depends, among other

operating factors, on the particle’s specific gravity. In this

research, for an initial 100 g of TiH2–AR feed, the cyclo-

sizer was operated at 23 �C, with a water flow of

10.35 L min-1 and an elutriation time of 15 min. This

way, the effective particle step size was calculated using an

overall correction factor of 1.098 [26] that resulted in the

nominal particle size ranges reported in Table 2. After

separation, the fractions denominated TiH2-M1, -M2, -M3,

-M4, and -M5 were dried at 110 �C for two hours,

weighed, and their particle size distribution was measured.

Foaming process

Aluminum foams were prepared following the PM route by

mixing the metallic aluminum powder with 1 wt% of

selected TiH2 powder: TiH2-AR, TiH2-M4 TiH2-G and

TiH2-VM. The mixing process was performed in a con-

ventional tumbler mixer for 30 min followed by powder

compaction achieved via cold and hot uni-axial pressings.

The resulting foamable precursors of 6 g had 98.6 ± 0.2 of

theoretical density. The free foaming process was carried

out inside a Lindberg/Blue M furnace at 800 �C, and the

expansion profile of foams was monitored by interrupted

experiments. Constrained foaming to record the volumetric

expansion profile of single foams was performed using a

laser-expandometer. Details on the equipment construction

can be found in Ref. [27]. Using the latter set-up, the

temperature profile of precursors was measured by

attaching a flexible type K thermocouple into a narrow hole

at the bottom of the crucible where foaming took place. In

this way a direct contact with the precursor during foaming

was assured.

To analyze and characterize the hydride powders, the

following characterization techniques were used: Field

emission electron microscopy (FEG-SEM) using a Hitachi

S-4700; X-ray diffraction (XRD) using a Rigaku Rotaflex

Ru-800B with a CuKa1 (k = 1.54 Å) radiation operated at

4.8 kW and thermogravimetric (TG) analysis using a

Setaram Evolution-24, which was performed at 10 �C

min-1 in argon flow. The foam’s volumetric expansion was

measured using the Archimedes method in at least four

samples per foaming time for unconstrained foaming,

while for foams manufactured in the laser-expandometer,

this measurement was performed in situ. The pore mor-

phology of samples with different expansion degrees was

characterized by image analysis. For this evaluation, foams

were cross-sectioned parallel to the foam expansion

direction, and digital pictures were taken. After increasing

the contrast between porosity and foam cell walls, the pore

structure characterization was performed using a special

routine in Clemex� software. To avoid noise from dark

features other than pores, features with areas below

0.25 mm2 were omitted.

Results and discussion

The inspection of TiH2 powder via FEG-SEM shows that it

possesses an angular morphology. The powder, denomi-

nated TiH2-AR, displays a wide particle size distribution.

Using a cyclosizer apparatus, TiH2-AR was separated into

Table 1 Properties of the starting materials

Specification by the powder supplier Measured powder properties

Powder Purity (%) Nominal Size (lm) D10 (lm) D50 (lm) D90 (lm) Mean diameter (lm) Oxygen (wt%)

Al 99.5 B44 8.2 16.6 31.8 18.9 0.39

TiH2-AR 99 B44 4.2 14.5 33.4 16.9 0.41

TiH2-G min. 98.8 &60 12.9 49.1 108.2 55.4 0.50

TiH2-U min. 98.8 5 ± 1.0 Avg. 4.1 13.4 29.9 16.2 0.55

TiH2-VM min. 97.7 1.8 ± 0.2 Avg. 1.9 3.6 5.7 3.7 1.72

Table 2 Particle size

distribution of TiH2-AR powder

separated by the cyclosizer

apparatus

Measured powder properties

Powder Nominal size (lm) D10 (lm) D50 (lm) D90 (lm) Mean diameter

TiH2-M1 12–16 10.3 14.5 20.7 15.1

TiH2-M2 16–25 14.4 20.6 27.2 20.8

TiH2-M3 25–36 20.4 27.6 37.9 28.7

TiH2-M4 36–48 25.3 35.1 52.3 37.5

TiH2-M5 C48 – – – –
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five fractions with a particle size step determined using the

experimental parameters detailed in the experimental sec-

tion. Figure 1a–d show micrographs of the original powder

and selected fractions. It is observed that the method effi-

ciently separates the powder in fractions of narrow particle

size distribution. Except for the fraction M5, in which

particle size could not be analyzed because of limited

quantity, in the other fractions the particles observed cor-

roborate the data obtained with the particle size analyzer

(Table 2). On the other hand, the particle size distribution

and micrographs of TiH2–G show that this powder mean

particles size is considerably larger than that of TiH2-AR,

TiH2-U possesses a similar size distribution, and TiH2-VM

exhibits the smallest mean particle size. For powders

obtained from the same source, the powder’s oxygen

content has a tendency to increase, as the particle size

decreases (TiH2-VM [ TiH2-U [ TiH2-G). Powders of

small particle size have a greater affinity for oxygen

because of their larger surface area exposed for oxygen

adsorption. XRD analysis shows that all the powders have

the same stoichiometry and correspond to a TiH1.924 phase,

containing 3.89 wt% of hydrogen (Fig. 2). Among all, the

XRD pattern of TiH2-VM shows a small degree of peak

broadening. The presence of nanosized grains and/or lattice

damage might be possible if high-energy milling was used

for reducing the powder’s particle size. Despite the high

oxygen content of some powders (e.g., TiH2-VM), no

oxides peaks were identified.

As stated previously, the hydrogen evolution of TiH2 is

complex, more than one mechanism operates simulta-

neously, and is manifested as a change of the slope in a TG

weight loss curve. This behavior can be clearly observed in

the differential thermogravimetric (DTG) pattern, where

slope changes are manifested as peaks, and the highest

hydrogen desorption rate is found at the minimum of the

larger peak of the two dehydrogenation events. Figure 3a,

b shows the TG and DTG patterns of as-received powders,

respectively. TiH2-AR shows a hydrogen evolution onset

Fig. 1 FEG-SEM images of a TiH2-AR, b -M1, c -M4, d -M5, e -VM, and f -G powder
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near 460 �C. TiH2-U, with a similar particle distribution to

TiH2-AR and, disregarding its higher oxygen content, starts

to release hydrogen close to 440 �C. TiH2-G the particle

size of which is the largest, also shows the highest dehy-

drogenation onset around 470 �C. TiH2-VM, the powder of

smaller particle size, releases hydrogen at the lowest tem-

perature (420 �C), even though its high oxygen content

implies a thicker surface oxide acting as barrier to hydro-

gen release. In general, the powder’s weight loss is

reduced, as their particle size decreases: TiH2-G loses 3.65

wt%, TiH2-AR 3.6%, TiH2-U 3.45 wt%, and TiH2-VM

approximately 2.8 wt%. The TG and DTG patterns of

TiH2-AR fractions (M1 to M5) shown in Fig. 4a, b also

demonstrate that the smaller the particle size of fractions

the sooner the particles start to release hydrogen. Com-

pared to the bulk, M1 and M2 fractions display slightly

lower hydrogen desorption onset temperature; meanwhile,

M3, M4 and M5 exhibit a delay of the aforementioned

temperature. Furthermore, a consistent reduction in the

temperature range of hydrogen release of coarse particles is

observed when compared with powders of finer particle

size. The end of dehydrogenation of all powder sizes is

similar and was determined at the temperature where the

DTG traces return to the initial baseline.

The reduction of the onset of dehydrogenation temper-

ature of fine particles has been observed previously and can

be attributed to the ease of hydrogen release because of an

increased surface area. In addition, if the particle reduction

is achieved by milling, then there could be an effect of the

rupture of the natural oxide layer that acts as diffusion

barrier [10]. In the present research, rather than milling,

particles were divided into fractions according to their

Stokes settling characteristics, and no plastic deformation

was induced; in addition, all powders share the same

stoichiometry (Fig. 2). Therefore, the changes observed on

the hydrogen evolution onset, especially that of fractions

(from TiH2-M1 to -M5), can be attributed solely to the

increase or reduction of powder particle size. For the

powders TiH2-VM, TiH2-U, and TiH2-G, on the other

hand, a larger effect of the surface oxidation could be

expected, since their oxygen content increases as the par-

ticle size decreases. Regardless, the smaller particles

(TiH2-VM) release hydrogen sooner than the coarser

(TiH2-U, -G and -AR). The effects of higher oxygen con-

tent of small particles are a reduction of their total weight

loss and the tendency to gain weight at the end of the TG

experiment. As seen, in powder of broad particle size

distribution, fine particles determine the onset of dehy-

drogenation, and by controlling the mean particle size

toward coarse particles, the temperature mismatch related

to foaming can be reduced.

Furthermore, as observed in the DTG patterns, the rel-

ative degrees of dehydrogenation of both peaks change

with TiH2 particle size. For instance, powders like TiH2-

VM and TiH2-U show two-step dehydrogenation, whereas

that of TiH2-G consists of a peak with an initial shoulder.

Similarly, the dehydrogenation behavior of fractions show

Fig. 2 XRD patterns of TiH2- AR, -G, -U, and -VM powders.

Powder’s microstructure corresponds to d-phase TiH1.924

Fig. 3 TG (a) and DTG

(b) patterns of TiH2- AR, -G,

-U, and -VM powders. The

experiments were conducted in

argon flow at 10�C min-1
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that when the powder particle size increases, the initial

peak seems to shift toward the second, generating a peak

overlap and the appearance of a single dehydrogenation

event in the coarse TiH2-M5 powder (characteristic tem-

peratures of DTG patterns are summarized in Table 3).

Previously, Bhosle et al. [10] have reported that the inter-

mediate phase TiHx has a variable range of stability (x was

found to vary from x = 0.7 to 1.1 for nanometric powders;

as the particles size decreases, x tends to lower values),

which explains the reduction of weight loss of the initial

peak with increasing particle size. In the present research, it

is observed that the kinetics of dehydrogenation are also

modified by the powder particle size. The first peak related

to hydrogen losses from c-TiH1.924? TiHx becomes

noticeably wider for fine powders. If this reaction is

delayed to higher temperature but occurs at a faster rate for

coarse powder, then the peak overlap seen in TiH2-G and

the appearance of a single peak on TiH2-M5 can be

explained.

The expansion behavior of foams using selected TiH2

powders is shown in Fig. 5. Most curves illustrate fast

foaming followed by rapid decay where a lack of foam

stability is evident, resulting from the absence of stabiliz-

ing mechanisms in the pure aluminum melt. In both, the

constrained and unconstrained foamings, much of the data

scatter is localized near the maximum expansion and is

larger for foams manufactured with the fine TiH2-VM

powder, and the powder of a wide particle size distribution

(TiH2-AR). Unconstrained foaming shows that when TiH2-

AR is used, a steep expansion slope followed by a small

plateau-like region characterizes foaming. Maximum

expansions occurring under this condition are around 300%.

More reproducible foaming is observed when coarse and

narrow-size distribution powders (TiH2-M4 and TiH2-G)

are used; in both curves, the expansions appear to take place

at different stages, and the maximum expansions reached

are lower than when using TiH2-AR. Meanwhile, foams

produced with fine TiH2-VM powder display the poorest

foamability as its low onset of dehydrogenation causes a

large amount of hydrogen to be lost before the metallic

matrix becomes molten, and the maximum volumetric

expansion under this condition is less than 200%. The

constrained expansion behavior observed by using a laser-

expandometer (Fig. 6) is similar to that obtained with

interrupted experiments and shows a strong influence of

TiH2 particle size on foaming. In general, the expansion

profile can be divided into three stages determined by the

temperature of the foam precursor during foaming. Initially,

there is a reduced area of contact between the precursor and

the mold walls and heat is transferred via conduction; the

small increase of volume observed at this stage corresponds

to precursor dilation. Once the temperature reached is near

the melting point of aluminum, the precursor softens,

increasing its volume three dimensionally, until it assumes

Fig. 4 TG (a) and DTG

(b) patterns of TiH2-AR

fractions. The experiments were

conducted in argon flow at

10�C min-1

Table 3 Onset of

dehydrogenation and peak

temperatures of the foaming

agent powder

Powder Temperature (�C) Powder Temperature (�C)

Onset Peak I Peak II Onset Peak I Peak II

TiH2-AR 460 508 540 TiH2-M1 457 508 550

TiH2-VM 420 467 545 TiH2-M2 457 510 550

TiH2-U 440 470 547 TiH2-M3 470 520 557

TiH2-G 469 – 552 TiH2-M4 470 520 557

TiH2-M5 500 – 585
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the contour of the mold, and this is observed as a second

stage of foaming characterized by a slow expansion at a

nearly constant temperature. During the third stage, as a

result of the increased transfer of heat, the precursor tem-

perature increases while its viscosity reduces, and rapid

foaming takes place. Because there is no mechanism pre-

venting the flow of liquid in the cell walls, drainage and

foam decay proceed rapidly together with a temperature

increase. Similarly, the higher expansions reached are

found with the wide particle size distribution of TiH2-AR,

followed by the large particle sizes of TiH2-G and TiH2-M4

powders. Fine powder (TiH2-VM) is not efficient for

aluminum foaming as their dehydrogenation temperature is

very low such that much of the hydrogen gas is lost in the

initial stage of foaming, generating reduced expansions.

The foam development observed in Fig. 7 shows that the

powder’s particle size strongly affects the way porosity

nucleates and distributes at early stages of foaming. Ini-

tially, crack-like pores tend to become rounder as the metal

softens, and the surface tension effect of the liquid alu-

minum grows in importance. With time, pore density

decreases, whereas the mean pore diameter grows; finally,

when the cell walls stretch beyond a critical value, bubble

bursting takes place, and foam collapse starts. The rupture

of the thin films is mainly produced by the drainage phe-

nomena observed in all the foams after the maximum

expansion levels are reached. Foams produced with TiH2-

AR display an heterogeneous pore morphology and a broad

pore size distribution. After 510 s, the foams still conserve

their lowest density; however, the pore structure consists of

large coalesced pores. The intensive pore coalescence

observed is the reason for the highly non-reproducible

foaming process observed in Fig. 4. The porosity features

observed using TiH2-M4, on the other hand, exhibit

homogeneous and uniformly distributed pores. Initially, the

compacts expand with a similar rate as that of TiH2-AR,

but as pores develop, the expansion rate decreases. At

maximum expansion, the foam morphology is character-

ized by rounded homogeneous pores; nevertheless, foam

collapse in this case occurs sooner than when TiH2-AR is

used. The fact that the onset of hydrogen evolution of

TiH2-M4 powder is 10 �C higher than that of TiH2-AR

Fig. 5 Expansion and density

profiles of foams produced with

a TiH2-AR, b TiH2-M4, c TiH2-

G, and d TiH2-VM powders

Fig. 6 Expansion and precursor temperatures profiles obtained using

the laser-expandometer
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does not impact the initial foam expansion; however, dif-

ferences in foam morphology are clearly visible. The pore

development for TiH2-G is similar; pores nucleate more

homogeneously and are distributed in the aluminum

matrix. Even though the expansions reached are lower than

those of the foams manufactured using TiH2-AR, these

foams display better porosity features (homogenous pores

of narrow size distribution). Nonetheless, the time frame to

freeze the foam after reaching the maximum expansion is

short. Finally, the pore morphology of foams manufactured

with TiH2-VM consists mostly of oblate pores. The pre-

mature gas release in the precursor causes the formation of

macroscopic cracks, and as a result, large amounts of gas

escape from the foamable precursor, and foam expansion is

reduced. Pores tend to become rounder at the maximum

expansion (around 510 s), but the quantity of coalesced

pores is significant.

Figure 8 shows the pore area distribution of aluminum

foams at maximum expansion. Foams produced with TiH2-

AR and -VM show outlier values at the 24–32 mm2

interval, indicative of the large pores found under these

conditions. The narrowest pore area distribution is obtained

when foaming with TiH2-G, and the broader distribution is

found when TiH2-AR is used, followed by the use of TiH2-

VM. Foams produced with TiH2-M4 fall in between, dis-

playing a narrower distribution than foams produced with

TiH2-AR, but larger than those produced with TiH2-G. The

smaller porosity was found with TiH2-VM, where roughly

87% of the pores counted have an area below 4 mm2, while

for all other conditions, the amount of pores below this

number is around 73% (Fig. 8b).

The porosity aspect ratio, defined as the ratio between

the pore length perpendicular and the pore length in the

expansion direction, is presented in Fig. 9. For all the

foams tested, the majority of pores are elongated perpen-

dicular to the direction of foam expansion (values[1). The

largest number of oblate pores is found for TiH2-VM,

followed by TiH2-AR foams. On the other hand, foams

produced with TiH2-G and -M4 present the smallest

number of pores of high aspect ratios, indicative of a more

regular pore structure.

The average values of pore density, area of pores cal-

culated from image analysis, and the relative densities

calculated with the bulk of foams are summarized in

Table 4. In general, the pore density increases, and the

foam area occupied by pores decreases as the particle size

of TiH2 decreases. The highest relative density is exhibited

for foams produced with the finer TiH2-VM powder, while

the lightest foams are found when using TiH2-AR powder.

Fig. 7 Evolution of pore morphology for foams manufactured with

TiH2-AR, TiH2-M4, TiH2-G and TiH2-VM. Densities (q) are reported

in g cm-3

Fig. 8 a Frequency and

b cumulative charts of the pore

area distributions of foams

produced from TiH2 of different

particle sizes
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Conclusions

The thermal decomposition of titanium hydride powders is

a complex process strongly modified by the powder parti-

cle size. The dehydrogenation process occurs at higher

temperature and at faster rate with the increase of particle

size, generating a single desorption peak in TiH2 when the

powder particle size is around 50 lm (TiH2-M5). By

controlling the hydride’s particle size, the hydrogen evo-

lution onset can be modified to temperatures closer to the

liquidus temperature of the aluminum alloy. Coarse tita-

nium hydride powders of D50 = 49.1 lm (TiH2-G) display

a hydrogen evolution onset nearly 50 �C above that of fine

powders of D50 = 3.6 lm (TiH2-VM). For the PM pro-

cessing route the use of TiH2 of controlled particle size

influences foam expansion and porosity features, such as

pore size, pore density, and homogeneity. Coarse TiH2

powder was found to be more suitable to foam aluminum

powder.
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