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Abstract

This work focuses on understanding the feasibility of using reactive induction
sintering to obtain the Ti-5Al-2.5Fe alloy using Ti, Al and Fe powders (i.e. via the
blended elemental approach). For that, the powder compacts were induction sintered
under various temperature/time combinations like 700-1250 °C and isothermal
holding of 0-15 minutes. Compositional homogeneity, microstructure evolution and
mechanical properties of the sintered Ti-5Al-2.5Fe alloy were investigated. It was
found that by increasing sintering temperature and isothermal holding time, sintered
Ti-5Al-2.5Fe  components with homogeneous chemical distribution and
Widmanstétten microstructure can be produced. The tensile strength increases with
the sintering temperature/time reaching comparable values to the wrought alloy;
however the residual porosity has a significant impact on the ductility of the alloy.
The study demonstrates that reactive induction sintering is suitable to shorten the
production route of blended elemental Ti alloys to be used in non-critical applications

where ductility is not the main material’s requirement.
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1. Introduction

Ti-6Al-4V (composition are in wt.% unless otherwise specified) is the workhorse
titanium alloy which is still used in different critical applications, including products
for the biomedical sector (Murr et al., 2009; Niinomi, 1998, 2002), due to its good
corrosion resistance, excellent biocompatibility, low Young’s modulus and high
strength. However, the toxicity of V in Ti-6Al-4V has become a concern for implant
materials (Choubey et al., 2004). V-free alpha-beta titanium alloys such as Ti-6Al-
7Nb and Ti-5Al-2.5Fe have been developed to replace Ti-6Al-4V for biomedical
applications (Niinomi et al., 1996). Here, V is replaced by non-toxic Nb and Fe. It has
been suggested that Ti-6Al-7Nb and Ti-5Al-2.5Fe alloys are good alternatives to
replace Ti-6Al-4V in terms of corrosion resistance, biocompatibility and mechanical
properties (Choubey et al., 2004). Compared to the addition of expensive Nb in Ti-
6AIl-7NDb alloy, a more cost effective way is to synthesize Ti-5Al-2.5Fe alloy using Fe
to replace V. Although mainly developed for medical prosthesis, the Ti-5Al-2.5Fe
alloy could potentially replace Ti-6Al-4V in other non-critical application as both are
alpha-beta alloys and have fairly comparable mechanical behaviour.

Powder metallurgy of titanium (Ti) and Ti alloys has received much attention for
producing near net shape components for a variety of applications (Abkowitz et al.,
2011; Froes et al., 2004) and two approaches are commonly used. The first utilises
expensive pre-alloyed powders whose range of commercial compositions is rather
limited, while the second involves the mixing of different starting powders (i.e.
blended elemental approach). In comparison to the pre-alloyed approach, blended
elemental is a promising way to produce lower cost Ti alloy components without
limitations in terms of chemistry of the material. From literature, the blended

elemental approach has been used to produce the Ti-6Al-7Nb and Ti-5Al-2.5Fe alloys



using Ti, Al, Nb and Fe elemental powders using hot pressing and vacuum sintering,
respectively (Henriques et al., 2003; Siqueira et al., 2009). The microstructural studies
performed in the previously mentioned works (Henriques et al., 2003; Siqueira et al.,
2009) confirmed that a homogeneous alloying element distribution is achieved in both
alloys when sintered at 1400 °C/1h and 1200 °C/2h for the Ti-6Al-7Nb and Ti-5Al-
2.5Fe alloys, respectively. As a result, a coarse plate-like a structure and intergranular
B structure were obtained in both alloys. In the best knowledge of the authors, no
studies about the use of reactive induction sintering to manufacture these alloys are
available in the current literature, in particular lacking tensile properties of sintered
Ti-5Al-2.5Fe alloy, which is important for its industrial application. In order to
prevent severe grain growth and to shorten the sintering time, field-assisted sintering
techniques, which include microwave sintering (Luo et al., 2011), plasma spark
sintering (SPS) (Zadra et al., 2008) and induction sintering (Dewidar, 2010; Jia and
Gabbitas, 2015), are receiving much attention. Among these techniques, induction
sintering has been previously studied to fabricate Fe-based materials (Cavdar and
Atik, 2014; Hermel et al., 1980; Krumphold et al., 1984; Salak et al., 1981) and
hardmetals (Kim et al., 2008; Shon et al., 2009; Shon et al., 2010; Shon et al., 2013).
Literature confirmed the high heating rates, permitting rapid sintering of the parts,
which is what this work is focused on.

The reactions occurring between solid/liquid aluminium (Al) and solid Ti have been
widely investigated (Luo and Acoff, 2004; Mirjalili et al., 2013; Paul et al., 2014;
Paul et al., 2004; Xu et al., 2006). In the Ti/Al couple, the formation of the AlzTi
intermetallic via an exothermic reaction is the only event at low temperature (700-
1000°C) (Sujata et al., 1997). Accordingly, Ti aluminides are rapidly formed when

elemental Ti and Al powders are used (Lee, 1998; Sun et al., 2015; Wenbin et al.,



2005) and the formation of AlsTi by the reaction of the Al atoms with Ti results in the
swelling of the powder compact (Bohm et al., 2001; Savitskii, 2009). This was
verified via dilatometric studies of Ti-Al powder mixture during sintering (Savitskii,
2009). Then the phases TisAl, TiAl, TiAl, are formed by reactions between Ti and
AlzTi in the absence of Al (Paul et al., 2004). However, no knowledge is available
when processing Ti alloys such as Ti-5Al-2.5Fe alloy by means of reactive induction
sintering and it is therefore thoroughly analysed in this study.

The main aim of this work is to study the applicability of reactive induction sintering
for the production of the blended elemental Ti alloys, and in particular of the Ti-5Al-
2.5Fe alloy. Emphasis is put on lowering the production cost (e.g. short processing
time) and to limit grain growth induced by the sintering step as reactive induction
sintering is used to rapidly sinter powder compacts at a high temperature with short
isothermal holding time. Apart from proving the influence of this alternative
processing route on porosity, microstructural evolution and mechanical behaviour of
the sintered material, the study considers an in-depth analysis of the formation of
transient intermetallic phases during sintering aiming to understand their formation

and effect on the behaviour of the sintered material.

2. Experimental procedure

Three elemental powders (Ti, Al and Fe) were used in this study. Commercially pure
Ti powder (Particle size <75 um, >99.5% purity) produced using the hydrogenation-
dehydrogenation (HDH) process was purchased from Goodfellow Ltd. Pure Al
powder (Particle size: 45-75 um, >99.7% purity) was supplied by ECKA Granules
Ltd. Carbonyl iron powder (Particle size: 5-9 um, >99% purity) was acquired from

Sigma-Aldrich Ltd. The interstitial element content (O, N and H) of the raw powders



are listed in Table 1 and are relevant as interstitials affect the mechanical
performances of Ti alloys (Donachie, 2000). Specifically, in the case of CP Ti, the

powder can be classified as grade 3 as the O content is lower than 0.35%.

Table 1. Interstitial contents (O, N and H) of the raw powders.

Raw powder O [%] N [%6] H [%0]
Ti 0.27 0.01 0.00019
Al 0.56 <0.01 0.00003
Fe 0.32 <0.01 0.00022

The right amount of raw powders were blended for 24 hours using a two-roll mill to
produce a homogeneous Ti-5Al-2.5Fe powder mixture. 50g powder mixtures were
pressed into 40 mm diameter cylindrical compacts at room temperature using a
pressure of 780 MPa. The compacts were then reactive induction sintered under argon
protective atmosphere (oxygen content<200ppm) and cooled to room temperature
under argon. The heating rate was around 450 °C/min. The temperature during
sintering was recorded using a K-type thermocouple, which was placed in the centre
region of top surface of cylindrical compact, and the temperature was controlled by
adjusting the power input from a generator to achieve a homogeneous temperature
distribution. Although electrical conductivity can vary with the density distribution of
compact (Simchi and Danninger, 2000), in this study it was assumed to be constant
due to the high level of relative green density achieved during compaction.

The main study was performed keeping the sintering temperature constant at 1250 °C,
which is one of the most commonly employed for sintering Ti alloys (Fujita et al.,
1996; Liu et al., 2006; Wei et al., 2003), and varying the isothermal holding times

from 0’ to 15° (every 5°). However, to complete this work with the study of the



formation of potential transient intermetallic phases, some samples were also sintered
at 700 °C without isothermal holding.

Green and sintered densities of the compacts were measured using their mass-to-
volume ratio and via the gravimetric method, respectively. Differential thermal
analysis (DTA) was performed on the powder mixture at a heating rate of 10 °C/min
under argon protective atmosphere using a TA Instrument SDT 2960. X-ray
diffraction (XRD) using CuK, radiation source (26=20-90° and scanning rate of 2
°/min) was carried out to confirm the phase constituting the sintered alloys and the
formation/dissolution of any potential intermetallic phase. Metallographic preparation
of the samples included grinding, polishing and etching by means of Kroll’s reagent
(2 ml HF, 6 ml HNOs and 92 ml distilled water) to reveal their microstructure. Pore
size was measured on series of images captured by optical micrographs (Olympus
BX60) on non-etched samples using Image-Pro Plus 6.0 software. Microstructure
analysis was conducted on a Hitachi S4700 scanning electrical microscope (SEM)
equipped with an energy dispersive X-ray spectrometer (EDS), used to check the
distribution of alloying elements. The interstitial content (O, N and H) was measured
using the combustion method (LECO). At least three flat dog-bone shaped tensile test
specimens with cross-sectional dimensions of 2x2 mm? were cut from sintered
powder compacts. An Instron 33R4204 universal testing machine was used to perform
the tensile testing at a strain rate of 1x10* s at room temperature. The strain was
measured using an extensometer with a gauge length of 10 mm. The plane porosity
was measured on fractographic images, taken at the SEM, using the dedicated Image-

Pro Plus 6.0 software.

3. Results



In this study the density of the wrought Ti-5Al-2.5Fe alloy (i.e. 4.45 g/cm®) was used
as theoretical density of the powder metallurgy alloy studied as this value does not
differ significantly from the one calculated using the rule of mixture. As some
intermetallic phases form, but they are transient and their fraction is low, their effect
on the density of the sintered materials was not considered. The average density of
green powder compacts was 89.7+1.0% whilst the density of a Ti-5Al-2.5Fe powder
compact sintered at 700 °C without isothermally holding was 87.6% indicating that
there was some swelling in Ti-5Al-2.5Fe compacts. Form literature, this swelling of
the compacts is due the reaction between the Ti and Al powders (Bohm et al., 2001).
From Figure 1, it is evident that the density of sintered Ti-5Al-2.5Fe powder
compacts increased gradually (from 88.8% to 92.1%) with increasing the isothermal

holding time from 0’ to 15” at 1250 °C.
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Figure 1. Variation of the relative density of the Ti-5Al-2.5Fe alloy reactive induction

sintered at 1250 °C versus holding time.

The results of the characterisation of the porosity left by the reactive induction
sintering processing of the blended elemental Ti-5Al-2.5Fe samples are shown in
Figure 2 where it can be seen that the samples sintered at 700 °C (Figure 2 a) have

irregular residual pores. The largest pores are the voids formed by the transient Al



melt as their size is similar to that of the Al powder particles used and the smaller

ones are from the poor consolidation as a consequence of the low sintering
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Figure 2. Optical micrographs showing the residual porosity of the Ti-5Al-2.5Fe
alloy reactive induction sintered at: (a) 700 °C/no holding, (b) 1250 °C/no holding, (c)
1250 °C/5°, (d) 1250 °C/10°, (e) 1250 °C/15’, and (f) variation of the pore size with

the processing parameters.

By increasing the sintering temperature to 1250 °C, without isothermally holding, the
size of the smaller pores increase and the shape of all residual pores starts to become
more rounded (Figure 2 b). As the isothermal holding time during sintering increases,

the residual pores become predominantly spherical (Figure 2 c-€). The quantification



of the average pore size, shown in Figure 2 f), reveals that the pore size increases
from 1.8 um to 3.2 um as the sintering temperature is increased from 700°C to 1250°C,
then slightly decreased to 2.7 um when the isothermal holding time at 1250°C was
increased to 5 minutes. Longer holding time caused the average pore size to gradually
increase as a result of pore coarsening.

A close analysis of the DTA results, heating curve of Ti-5Al-2.5Fe powder mixture
shown in Figure 3, reveals that between 600 °C and 700 °C an exothermic peak is
starting to appear at the onset temperature of 625 °C. This exothermic peak is
overshadowed by the appearance of an endothermic peak from 660 °C to 668 °C. The
exothermic peak is due to the solid state reaction between the Al and the Ti powder
particles, most likely to form AlsTi and subsequently TizAl, whereas the
superimposed endothermic peak is related to the melting of Al (Welham, 1998). From
the DTA curves of Figure 3, it can also be seen that no peaks connected to the
formation of Ti-Fe intermetallic phases, which would be expected to form around
1100°C, were not detected. This is either indicating that no Fe-based intermetallic are
formed or, if they form in small amount, the thermodynamic signal associated with
their formation is below the detection limit of the equipment. The XRD patterns
reported in Figure 4 show that the Ti-5Al-2.5Fe powder compacts sintered at 700 °C
have mainly o phase with a small amount of TizAl phase whereas the phases detected
in the Ti-5Al-2.5Fe alloy sintered at 1250 °C are a phase and a small amount of

transformed [ phase, regardless of the actual holding time.
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Figure 3. DTA curve of the Ti-5Al-2.5Fe powder mixture.
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Figure 4. XRD patterns of the reactive induction sintered Ti-5Al-2.5F¢ alloy.

The microstructural analysis of the Ti-5Al-2.5Fe alloy sintered at 700 °C reveals an
incomplete Widmanstatten microstructure (Figure 5 a). When the sintering
temperature is initially increased to 1250 °C (Figure 5 b), the microstructure of the
material is completely Widmanstétten. With an isothermal holding time of 5-15°,

there is no change in the microstructure as shown in Figure 5 c-e).
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Figure 5. Details of the microconstituents of the Ti-5Al-2.5Fe alloy reactive
induction sintered at: (a) 700 °C/no holding, (b) 1250 °C/no holding, (c) 1250 °C/5’,

(d) 1250 °C/10°, and () 1250 °C/15".

However, the achievement of the Widmanstatten microstructure does not necessary
indicate that the distribution of alloying elements (i.e. Al and Fe) is fully
homogeneous. To ascertain the homogeneity of the distribution of Ti, Al and Fe in the
sintered compacts, EDS elemental mapping was carried out and the results are shown
in Figure 6. It can be seen that there is not a uniform distribution of Ti, Al and Fe after
sintering at 700 °C without isothermally holding. This is evidenced by the Al- and Fe-
rich regions in Figure 6 a). When the sintering temperature is increased from 700 °C

to 1250 °C, the Ti and Fe distribution become more homogenous, but Figure 6 b)

11



shows that the Al distribution is not completely homogeneous. A complete
homogeneous distribution of the three elements is achieved by increasing the
isothermal holding time to 5 at 1250°C, as shown in Figure 6 c), which is further

obtained for longer isothermal holding time (Figure 6 d-e).
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Figure 6. SEM images and corresponding Ti, Al and Fe elemental maps of the

reactive induction sintered Ti-5Al-2.5Fe alloy.

The characteristic engineering stress-strain curves of the reactive induction sintered
Ti-5Al-2.5Fe alloy displayed in Figure 7 show that the material fails without plastic
deformation when sintered without holding time independently of the temperature (i.e.
700 °C or 1250 °C); however, a minimum holding time of 5” at 1250 °C changes the

deformation mode of the sintered alloy. The curves also indicate that the higher the

12



sintering temperature and the longer the holding time, the better the mechanical
properties in agreement with current sintering theories (German, 1996). Specifically,
both tensile strength and elongation increase when the sintering temperature is raised
from 700 °C to 1250 °C, or when the compact is hold at maximum temperature;
however, no significant effect is detected after an holding time of 10°. This behaviour
is a direct consequence of the size/shape of the residual pores and microconstituents
of the sintered alloys. Consistently with the tensile behaviour, fractographic analysis
(results also shown in Figure 7) confirms that the alloys sintered without holding time
mainly have a cleavage type of fracture. By increasing the isothermal holding time to
5-15” at 1250 °C, the fracture mode changes to a mixture of cleavage and ductile
dimples where the relative amount of ductile fracture zones proportionally increase

along with the isothermal holding.
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Figure 7. Characteristic engineering stress-strain curves of the reactive induction
sintered Ti-5Al-2.5Fe alloy (a), and respective fracture morphology: (b) 700 °C/no

holding, (c) 1250 °C/no holding, (d) 1250 °C/5, (e) 1250 °C/10’, and (f) 1250 °C/15".

4. Discussion

4.1 Analysis of transient phases and homogeneity during reactive induction
sintering

The microstructural evolution of Ti-5Al-2.5Fe and Ti-6Al-7Nb produced by a
blended elemental approach has been previously studied using different temperatures
(Henriques et al., 2003; Siqueira et al., 2009). In these studies more attention was paid
to the dissolution of Fe and Nb at various sintering temperatures. However, the
dissolution of Al has not been studied in detail. In the current study, Al and Fe
powders were simultaneously added to Ti to produce the Ti-5Al-2.5Fe alloy. So the
diffusion of both elemental Al and Fe into a Ti powder matrix would occur
concurrently at elevated temperature during sintering. It is assumed that due to the
low Al and Fe content in a Ti-5Al-2.5Fe alloy, any diffusion between Al and Fe
powders can be ignored.

The binary Ti-Al phase diagram gives the equilibrium phases for different Al contents
(Murray, 1988) and they are a-Ti, TizAl, TiAl, TiAly, AlsTiand Al. However, in a Ti-
Al diffusion couple, it has been verified that these phases do not appear

simultaneously (Luo and Acoff, 2004; Mirjalili et al., 2013; Paul et al., 2014; Xu et al.,
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2006). At first, AlsTi is the only phase forming between Al and Ti in a Ti-Al diffusion
couple when the temperature is increased. As the thickness of the AlsTi phase grows,
a Ti-AlsTi diffusion couple is formed instead of a Ti-Al diffusion couple (Mirjalili et
al., 2013). Then, with a further increment of the temperature, TizAl, TiAl, TiAl,form
in a Ti-AlsTi diffusion couple (Paul et al., 2004). This can be expressed as follows:
2Ti+3Al->Ti+ALTI (1)
ATi+2A13Ti— TisAl+2TiAlL+TiAl (2)
The in-depth EDS composition analysis of Al-rich regions in the samples reactive
induction sintered at 700 °C show that TiAl and TisAl phases are formed in the Al-
rich regions, but no TiAlz, AlsTi and Al phases are present (Figure 8 a). This means
that at the sintering temperature of 700 °C, which is higher than the onset temperature
of the reaction between Ti and Al in the Ti-5Al-2.5Fe powder mixture (625 °C),
reaction (1) already occurred and reaction (2) is taking place. According to the peaks
of the DTA heating curve of Figure 3, the exothermal solid state reaction starts but is
then eclipsed by the melting of Al, so that the liquid Al penetrate into the voids
among the Ti powder particles, by capillary force, coating them. Subsequently, the
reaction between solid Ti and liquid Al occurs leading to the formation of Ti
aluminides such as TiAl and TisAl, which was actually detected via XRD (Figure 4).
The reaction sequence described is consistent with a previous study about sintering of
Ti and Al powders (Appel et al., 2011). With increasing temperature to 1250 °C, TiAl
and TisAl phases disappear but Al-rich regions are still present (Figure 6). When the
isothermal holding time at 1250 °C is increased to 5°, no Al-rich regions were present

anymore indicating that a homogeneous Al distribution was achieved (Figure 6).
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Figure 8. Details of the phases constituting the Al-rich (a) and Fe-rich (b) regions of

the Ti-5Al-2.5Fe alloy reactive induction sintered at 700 °C.

In the Ti-Fe phase diagram, TiFe and TiFe; are the two equilibrium intermetallic
phases. It has been reported that TiFe and TiFez intermetallics can be present in the
reaction region in diffusion bonded Ti and 304 stainless steel (Ghosh et al., 2003;
Kundu et al., 2005). However only the eutectoid TiFe phase formed at 1085 °C was
detected when Fe was added to Ti (Liu et al., 2006). Furthermore, it was reported that
TiFe and TiFe2 intermetallics were not present in the Ti-5Al-2.5Fe alloy made from
elemental powders and vacuum sintered for 2 hours at temperatures ranging from
700-1400°C (Siqueira et al., 2009). Conversely, in the current study Fe-rich regions
consisting of a core of pure iron were observed in the powder compacts sintered at
700 °C. Around the core of pure iron, TiFe and TiFe; phases were identified by EDS
as shown in Figure 8 b). So by heating the powder compact to 700 °C, the heat energy
released by the exothermic reaction between Ti and Al induced the Fe and Ti powders
to form TiFe and TiFe2 phases. However, this could not be detected either via DTA or
XRD analysis. With increasing sintering temperature to 1250 °C without any
isothermal holding, the Fe, TiFe and TiFe, phases dissolved and a homogeneous Fe
distribution was obtained (Figure 6). Overall, a homogeneous distribution of Ti, Al
and Fe in the sintered materials was achieved after 5 minutes of isothermal holding at

1250 °C resulting in the typical Widmanstatten microstructure. Comparing the
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diffusivity of Al and Fe on Ti (Gerold and Herzig, 1997; Shevchuk, 2004), the
interdiffusion coefficient of the latter is 10 times larger than that of the former at 1250
°C. This justifies the finding that an additional 5 minutes isothermal holding at 1250

°C is required to achieve a completely homogeneous distribution of Al.

4.2 Effect of microstructure and porosity on the mechanical behaviour of the
reactive induction sintered Ti-5Al-2.5Fe alloy

With the sintering condition studied, the reactive induction sintered Ti-5Al-2.5Fe
alloy has a porosity of 7.9-12.4% and thus a large amount of interconnected pores
which significantly affect the fracture mode. Regardless of the homogeneity of
microstructure, the properties of the reactive induction sintered Ti-5Al-2.5Fe alloy are
dependent on the sintering necks between the powder particles crated during sintering.
The plane porosity was defined by Slesar et al (Slesar et al., 1987) to accurately
evaluate the effect of pores on properties. Furthermore, the load-bearing cross section
of each reactive induction sintered Ti-5Al-2.5Fe alloy was calculated from plane
porosity (Chang and Zhao, 2013; Danninger et al., 2015) and it was found that it
increases gradually from 15.3% in the powder compact sintered at 700 °C to 57.0% in
the powder compact sintered at 1250 °C with a holding time of 15° (Figure 9 a).
Therefore, the tensile strength of reactive induction sintered Ti-5Al-2.5Fe alloy
increases along with the load-bearing cross section (Figure 9 b). Consequently, the
fracture mode of the reactive induction sintered Ti-5Al-2.5Fe alloy changes from
cleavage to ductile dimples pattern, in agreement with the literature (Chang and Zhao,

2013).
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Figure 9. Variation of the load-bearing cross section with the processing parameters
(a) and relationship between ultimate tensile strength and load-bearing cross section

(b) of the reactive induction sintered Ti-5Al-2.5Fe alloy.

Once a fully homogeneous microstructure is obtained (i.e. 1250 °C/5’), both the
residual porosity and the microstructure affect the mechanical properties where for the
tensile properties the pores can be considered as defect and the o+f colony size of the
Widmanstatten microstructure determines the effective slip length as in other alpha-
beta Ti alloys (Lutjering and Williams, 2003). For that the dependence of the average
a+f colony size with the isothermal holding time was quantified and the results are
presented in Figure 10 showing that there is no significant variation and thus
indicating that, under the conditions studied, the growth of a+p colonies during
induction sintering is limited. This is because any residual pore at colony boundaries
has a pinning effect that contributes towards reducing the mobility of grain and
colony boundaries (Kang, 2004). It is then inferred that for the reactive induction
sintered Ti-5Al-2.5F¢ alloy, the slight differences in microstructure have little effect
on the tensile properties of the material and thus the tensile properties are mainly
dependent on the features of the residual pores as demonstrates via the use of the

plane porosity.
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Figure 10. Variation of the a+f colony size with the holding time of the Ti-5Al-2.5Fe

alloy reactive induction sintered at 1250 °C.

It is worth mentioning that, in spite of the presence of the residual pores, the ultimate
tensile strength of the sintered alloy at 1250 °C with a holding time of 15’ (i.e. 916
MPa) is higher than that of the wrought alloy (i.e. 900 MPa) (Welsch et al., 1993). On
average the reactive induction sintered Ti-5Al-2.5Fe alloy has an oxygen content of
0.43% and nitrogen continent of 0.01% which are, respectively, higher and lower than
the limits specified for the wrought counterpart (O: 0.2% and N: 0.03%). The reactive
induction sintered Ti-5Al-2.5Fe alloy shows also some elongation to fracture (Figure
7 a), which in this case is strictly dependent on the residual porosity, regardless of the
homogeneity of microstructure. Since the porosity in the sintered Ti-5Al-2.5Fe alloy
decreases by either increasing the sintering temperature from 700 °C to 1250 °C or the
holding time from 0 to 15°, the ductility should increase consequently. Moreover, the
decrement of the residual porosity is commonly coupled with the simultaneous
rounding and coalescence of the residual pores (Figure 2), which have two
counteracting effects. Pore rounding would reduce the stress concentration factor of
the residual pores, leading to higher ductility, but coarser pores would be more
detrimental for the ductility of the material. Therefore, to accurately evaluate the

effect of the residual pores on the elongation to fracture of the sintered Ti-5Al-2.5Fe
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alloy, the plane porosity was considered. It is found that the elongation to fracture of
sintered Ti-5Al-2.5Fe alloy is increased by decreasing the plane porosity (i.e.

increasing the load-bearing cross section).

5. Conclusions

In this study reaction induction sintering was used to manufacture the alpha-beta Ti-

5Al-2.5Fe alloy using elemental Ti, Al and Fe powders and the effect of the sintering

parameters was assessed. The following conclusions can then be drawn:

1. Reactive induction sintering can be used to manufacture blended elemental Ti
alloys for non-critical applications significantly reducing the processing time and
thus the final cost of the alloy;

2. It is proven that transient Al- or Fe-based intermetallic phases are formed during
heating of the compacts leading to some swelling. Nevertheless, under appropriate
minimum sintering conditions such as 1250 °C with a 5’ these transient phases are
completely dissolved and do not negatively influence the mechanical behaviour of
the material;

3. A homogeneous elemental distribution and a completely Widmanstétten
microstructure were obtained in Ti-5Al-2.5Fe powder compacts sintered at 1250
°C/5’. A further increase in the isothermal holding time gives a homogeneous
elemental distribution and the o+f colonies in the Widmanstatten microstructure
did not show significant growth.

4. The tensile strength and elongation to fracture of sintered the Ti-5Al-2.5Fe alloy
significantly increase when increasing the sintering temperature or the isothermal
holding time. The mechanical behaviour of the reactive induction sintered alloy is

strongly dependent on the plane porosity left by the sintered process.
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