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Abstract: FeAl/ TiC composites were fabricated by reactive hot pressing blended elemental pow ders. The effects of

TiC content, composition of the binder phase and Ni alloying on the densification process and mechanical properties

of the composites were studied. The results show that the densities of the composites decrease with the increase of

TiC content. Closely related with their porosities and flaw densities, the hardness and bend strength of the compos-

ites show peak values with the increase of TiC content. Higher content of Al in the binder phase was beneficial to

densification, however it deteriorates the mechanical properties of the composites. The addition of Ni significantly

improves the densities of the composites by enhancing matter transfer in the binder phase. By alloying with Ni, the

mechanical properties of the composites are greatly improved due to the increase of the density, together with solid

solutiomr strengthening the binder phase and promoting ductile fracture of FeAl
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1 INTRODUCTION

Over the past few decades, considerable inves-
tigations have been carried out to identify alterna-
tive binders for cermets in order to improve their
mechanical properties and also to overcome certain
shortcomings, such as high cost and density, low
oxidation and corrosion resistance, and environ-
mental toxicity'" ?'. Tron aluminides are of particu-
lar interest due to their low cost and density, high
specific strength, environmental-friendliness and
excellent oxidation and corrosion resistance'”
Preliminary results show that iron aluminides are
thermodynamically compatible with such ceramics
as carbides and borides in both solid and molten
states, with favorable wettability and chemical sta-
bility'". Thus the fabrication of iron aluminide-
ceramic composite is expected to provide a unique
combination of high strength and toughness, cou-
pled with high wear, corrosion and oxidation re-
sistance.

When wettability and chemical stability are
considered, FeAl/TiC is an ideal composites sys-
tem. FeAl/ TiC composites can be processed by liq-
uid phase sintering'”, melt infiltration'® " and hot
pressing'* ' . Because of the limited solubility of
TiC in FeAl, it is hard to realize full densification
when TiC content is high. This can be improved
by exerting external pressure or adding alloy ele-

ments. So reactive hot pressing is utilized as the
fabrication method in this work. And the effects of
composite composition and Ni alloying on the den-
sification process and mechanical properties are
studied.

2 EXPERIMENTAL

Gas reduced Fe powder, N2 atomized Al pow-
der, TiC powder and Ni powder with mean particle
sizes of 54.57 Bm, 23.21 Pm, 12. 84 Bm and 12. 44
Hm respectively, were blended according to the
nominal compositions listed in Table 1. The mix-
tures were cold pressed at 500 M Pa into compacts
with dimensions of d25 mm X 35 mm. Stearic acid
(1%~ 3%) was used as binder in order to improve
the compressibility of the mixed pow ders with high
content of TiC. The compacts were then hot
pressed in graphite die at 1 300 C, 30 MPa for 1 h
under the protection of Ar atmosphere. The hot
pressed samples were cut, polished and examined
with scanning electron microscope ( SEM ). The
densities of the composites were measured by the Ar
chimedes immersion technique and Rockwell hardness
(HRA) of the composites was also tested. The phase
constitution of the composites was determined by
XRD. Specimens for bend test were machined and
ground into bars of 6 mm X 6 mm X 25 mm and the
fracture surfaces were observed with SEM.
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Table 1 Compositions of FeAl/ TiC
composites( volume fraction, %)

Composites FeAl Ni TiC
Fed0AF50TiC 50 0 50
Fed0AF60TC 40 0 60
Fe40AF70TiC 30 0 70
Fe40AF8OTiC 20 0 80

Fed0A110Ni-50TiC 45 5 50
Fed0A110Ni-60TiC 36 4 60
Fed0A110Ni-70TiC 27 3 70
Fed0A110Ni-80TiC 18 2 80
Fed5AF60TC 40 0 60
FeSOAF60TIC 40 0 60

Fe40Al, Fed45Al and Fe50Al are the compositional abbrevia-
tion of Fe40% Al( mole fraction), Fe45% Al and Fe 50%
Al, respectively

3 RESULTS AND DISCUSSION

3.1 Effect of TiC content on properties of FeAl/
TiC composites
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The curves of the density and relative density
versus the TiC content are shown in Fig. 1. It can
be seen that the densities and relative densities of
the composites drop with the increase of TiC con-
tent. This indicates that the densification process
is slowed by increasing the TiC volume fraction.

Fig. 2 shows the SEM images of Fe40AF
50%TiC and Fe4d0AF60% TiC. It can be seen that
the microstructures of the composites are mainly
composed of grey irregularshaped TiC, white
FeAl and black porosities.

When heated to the melting point of Al, the
blended elemental Fe, Al powders react intensively
to form intermetallics, resulting in crack of the
compact, which can be solved by hot pressing.
During hot pressing, the densification of the pow-
der compacts can be divided into two parts: one is
the densification of FeAl phase by viscous flow,
the other is the reorientation of TiC particles to be
closely packed with the flow of FeAl phase''".
When the TiC content is low, it is easy to achieve
densification by large amount of FeAl filling into
the pores around TiC particles. However, with the
increase of TiC content, the solid-solid contacts of
TiC particles increase and the kinetics of rear
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Fig.1 Density(a) and relative density(b) of composites vs TiC volume fraction

Fig.2 SEM images of Fe40A}F50% TiC( a)

and Fed0A F60% TiC(b)
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rangement is slowed by the increasing contacts.
And the strength of the TiC skeleton is high e-
nough to resist further deformation. So high densi-
ty can only be obtained upon rearrangement of the
particles aided by solution-reprecipitation reaction.
Significant solution-reprecipitation reaction de
pends on large solubility of TiC in molten FeAl.
Due to the limited solubility of TiC in liquid FeAl
compared with that of TiC in molten Ni'®, it is
hard for considerable solution-reprecipitation reac
tion to take place. So the densities of the compos-
ites decrease with the increase of TiC content.

Fig. 3 shows the hardness and bend strength
of FeAl/TiC composites versus TiC volume frac
tion. It is clear that the hardness rises with the in-
crease of TiC content at first, and then drops. A
peak value shows at 70% TiC( volume fraction).
The bend strength presents the similar trend and a
peak value appears at 60% TiC. As hard phase, the
increase of TiC content enhances the hardness of
the composites. However, the increase of the TiC
content can also cause a drop of density. With the
further increase of TiC content, the hardness drops
quickly due to a more porous microstructure. And
with the increase of TiC content, flaws such as
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pores increase. They deteriorate the mechanical
properties of the composites. Fig. 4 shows the
fracture surfaces of some FeAl/ TiC composites af-
ter the bend test. There is a mixed fracture mode,
typical cleavage fracture or debonding of FeAl/TiC
interface, together with ductile fracture of the fine
FeAl ligament.

3.2 Effect of binder composition on properties of
FeAl/ TiC composites

With Al content in the binder phase increasing
from 40% (mole fraction) to 45% and 50%, the
relative density of the FeAF60% TiC composite in-
creases from 88% to 92%, and then drops to
89% . According to the FeAl phase diagram, the
melting point of FeAl decreases with the increase
of Al content'"” . So when hot pressing at the same
temperature, the degree of superheat increases
with higher Al content. And this is beneficial to
the homogenization and densification process. The
microstructures of FeAl/TiC composites with dif-
ferent binder composition are shown in Fig. 5. It
can be seen that the microstructure becomes ho-
mogenous with more Al in the binder phase. At
the same time, pores increase with the increase of
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Fig.3 Hardness(a) and bend strength(b) of composites vs TiC volume fraction

Fig. 4 Fractographs of Fed0AF50% TiC(a) and Fed0A60% TiC(b) after bend test
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Fig.5 SEM images of Fe45A1F60% TiC(a) and Fe50A1F60% T iC(b)
Al content. Also more thermal vacancies are prone 6.0 @
to form in Akrich FeAl'™ . These degrade the 561
mechanical properties of the composites. The bend
strength drops from 486 M Pa to 457 M Pa and then 82 .\-‘\‘\'
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Fig. 6 Phase compositions of FeAlF50% TiC(a),
FeAlF70% TiC(b), FeAllION+50% TiC(c),
FeAllONT70% TiC(d)

Fig. 7 shows the density and relative density of
FeAl/ TiC composites with and without Ni addi
tion. It is obvious that the density and relative
density of the composites are greatly improved, es
pecially when the TiC content is high. In Ni
doped FeAl, the solubility of Ti can be increased

1
50 55 60 65 70 o 80
Volume fraction of TiC/%

Fig. 7 Density(a) and relative density(b) of
Nrdoped and Nrfree composites vs
TiC volume fraction

from 2% ( mole fraction) to 6%, compared with
that in pure FeAl. It is unclear why this happens.
The possible reason is that the addition of Ni phase
enhances the formation of the § B2: (Ni, Fe)(Al,
Ti)) phase (hard to take apart from FeAl by
XRD)". And the diffusivity of elements in FeAl
at 1 300 C is very high. The increased solubility
and diffusivity of Ti in FeAl promote the matter
transfer during the densification process. So the
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addition of Ni improves the composite density.
The hardness and bend strength of FeAl/ TiC
composite with and without Ni versus TiC volume
fraction are shown in Fig. 8. It is clear that the ad-
dition of Ni greatly improves these two properties.
This is mainly due to the increase of density with
the addition of Ni. Furthermore, by occupying Fe
sites, Niatoms change the interaction between dis-
location and solid solution atoms through electric
and magnetic effect!'” . This results in remarkable
solid solution strengthening. Savage et al'”' stud-
ied the influence of adding Ni on hardness and yield
strength of FeAl. It was found that the hardness
of FeAl could be increased from HV273 to HV370
and the solid solution strengthening effect could
even reach 55 MPa by adding 1% Ni( mole frac
tion). Also, alloying elements enhance ductile
fracture in FeAl phase. Subramanian et al'”' found
that sufficiently thin(< 2 BPm) FeAl ligaments tend
to fracture in a ductile manner, which is attributed
to the limited dislocation pile-up distance available
for very thin ligaments. And the brittle-ductile
transition size is controlled by alloying and/ or heat
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Fig.8 Hardness(a) and bend strength(b) of
Nrdoped and Nrfree composites vs
TiC volume fraction

treatment. So the addition of third alloy elements

such as Ni increases the critical ligament thickness
due to the interaction of dislocations with solute
atoms and thus improves the mechanical proper-
ties. Fratograph of the FeAllON60% TiC com-
posite is shown in Fig. 9. Compared with the frac
ture surface of the FeAlF60% TiC, the ductile frac

ture seems more obvious.

Fig. 9 Fractograph of Fe40A110Nr60% T iC
after bend test

4 CONCLUSIONS

1) FeAl/TiC composite can be successfully
fabricated through reactive hot pressing at 1300 C,
30 MPa under the protection of Ar atmosphere.

2) The density and relative density of the
composites decrease with the increase of TiC con-
tent. The mechanical properties of the composites
are closely related with their porosities. Both hard-
ness and bend strength exhibit peak values with
the increase of TiC volume fraction. Higher con-
tent of Al in FeAl improves the densities of the
composites, but lowers the hardness and bend
strength of the composites.

3) The addition of Niimproves the densities of
FeAl/TiC composites by promoting mass transfer
during densification process. The hardness and
bend strength of the composites are greatly im-
proved due to the increase of the density, together
with some effects including solid solution-strength-
ening the binder phase and promoting ductile frac
ture of FeAl by alloying with Ni.
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