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Abstract : Liquid route processed filamentary titanium matrix composites reinforced by ceramic filaments
were investigated using electron backscatter diffraction and high resolution scanning electron microscopy.
As-processed filamentary materials possess a metastable microstructure with martensitic o + retained f3
matrix and small sub-stoichiometric TiC,_ precipitates at the fibre/matrix interface. The heat treatment
induced morphological and crystallographic modification of carbides and coarsening of the matrix. The
analysis method was also used to validate a simulation route to obtain bulk materials having similar
microstructural properties.

1. Introduction

Incorporation of reinforcing ceramic filaments in titanium
alloys seems to be highly promising for aircraft applications.
For several decades, the manufacturing processes of titanium
matrix composites have been based on fibre/foil/fibre method.
plasma spray coating and physical vapour deposition routes.
However, the excessive costs of these processes have limited
industrial development of these materials. An alternative method
has been recently developed. The liquid route process, followed
by rapid cooling, allows obtaining filamentary composites con-
sisting in silicon carbide filaments and titanium alloy coating at
reasonable costs. In order to model the mechanical properties
of the as-processed titanium matrix composites (TMC) for air-
craft engine applications, filament/matrix interactions must be
studied. The present contribution aims at pointing out the local
crystallographic properties of the filament/matrix interface and
Ti alloy fine-scale microstructure in as processed and in heat-
treated filamentary composites.

* Corresponding author. Tel.: +33 1 60 76 30 66; fax: +33 1 60 76 31 50.
E-mail addresses: carine.duda@wanadoo.fr (C. Duda),

anne-francoise.gourgues @ensmp.fr (A.-F. Gourgues).
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To investigate phase transformations occurring during pro-
cessing of materials, the electron backscatter diffraction (EBSD)
technique can be used to depict grain orientation, misorienta-
tions between grains, texture inheritance, variant selection and to
determine the parent phase orientation with much easier sample
preparation than for transmission electron microscopy (TEM)
(e.g. [1.2]).

Titanium alloys may present two allotropic phases: a high
temperature body centred cubic (bec) B phase and a low temper-
ature hexagonal close-packed (hcp) a phase. The B — « phase
transformation is generally governed by the Burgers orienta-
tion relationships between « and B phases. EBSD studies have
been carried out on the crystallographic phenomena dealing with
phase transformation in Ti alloys. such as texture evolution [3.4],
crystallographic variant selection [5-8] or habit plane determi-
nation [9-11]. These works emphasized correlations between
manufacturing process and variant selection associated to p — «
phase transformation [6.12] on bulk titanium alloys. Ti62428S
titanium alloy reinforced by SiC filaments has been investigated
with EBSD [13], focused on the local matrix texture resulting
from viscoplastic matrix flow during the fibre/foil/fibre process-
ing route, but not on phase transformations.

This paper deals with EBSD analyses of SiCcyp single
filaments coated with Ti6242S titanium alloy via the liquid
processing route. Three types of materials have been examined:
as processed SiC/Ti62428 filamentary materials, heat treated
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filamentary TMCs and simulated materials (rapidly solidified
mix of Ti6242S alloy and carbon powder), which could provide
a model of filamentary materials. Interactions between the
carbon outer layer of the ceramic filament and the Ti6242S
alloy, related to the high reactivity of Ti with C at high
temperature, are discussed in view of the Ti—C phase diagram
as long as the corresponding Ti6242S—C phase diagram is not
available in literature and as alloying elements probably play a
minor role in the involved phase transformations mechanisms.

2. Experimental procedures
2.1. Materials

The Ti6242S titanium alloy matrix used in the present study
is an a + B forged alloy having the following chemical compo-
sition: Ti-6A1-2Sn—47Zr-2Mo-0.1Si (wt.%). Its microstructure
consists of primary equiaxed o grains (80-90 vol.%) in a par-
tially transformed B matrix (Fig. 1a). In this alloy, aluminium is

()

an efficient a-stabiliser, whereas B-stabiliser molybdenum mod-
erates the effect of aluminium. A low amount of silicon has been
added to improve creep resistance.

The SiCcyp single filaments used for manufacturing the
SiC/Ti alloy filamentary titanium matrix composites (TMC)
are 140 pm in diameter SCS-6 Textron® fibres. Tailoring the
fibre surface for protecting the SiC filament against chemical
aggression and above all against micro defect propagation led
the manufacturer to complete the SiC chemical vapour deposi-
tion (CVD) on a carbon core by an additional coating, consisting
of SiC containing carbon layers, whose total thickness is about
3 wm, and which exhibits compositional gradient in silicon con-
tent.

The filamentary TMC manufacturing process consists in
running the SiCcyp filaments at very high speed (>1 ms™!)
in levitating liquid titanium alloy [14] before rapid cooling by
a specific device. The short time contact of some tenths of a
second between the C + SiC coated SiC filaments and the liquid
Ti6242S alloy induces some chemical interactions related to the

Fig. 1. Microstructure of materials (SEM, secondary electron imaging): (a) bulk a+ B forged Ti6242S; (b) as-processed filamentary material; (c) heat treated

filamentary material.
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Fig. 2. (a) General and (b) closer view of the Ti-rich side of the Ti—C equilibrium phase diagram (after [15]).

transfer of chemical species and more particularly that of carbon,
which may induce unfavourable microstructures. To analyse the
effects of consolidation thermal cycle on filament/matrix inter-
actions, post processing isothermal treatments were performed
on filamentary TMCs. These were treated at around 950 °C for
more than 1 h under purified argon in a radio frequency heated
titanium furnace simultaneously used as interstitial getter.
Moreover, in order to reproduce the cooling conditions under-
gone by the Ti6242S alloy during the liquid route process of fila-
mentary TMCs, but over a more extended volume, a mix of o + 3
forged Ti6242S and carbon powder was manufactured by arc
melting under purified argon flow, and then by cooling by contact
with a 15 mm thick, water-cooled copper substrate. The carbon
concentration of this simulated material was set to 0.25 wt.%.
According to the binary titanium/carbon phase diagram (Fig. 2)
[ 15]. this concentration corresponds at high temperature to equi-
librium between titanium and carbide precipitated phase, and at
intermediate temperature to e + B titanium-based solid solution.

2.2. Investigation methods

The various microstructures were investigated by using a
LEO DSM 982 Gemini scanning electron microscope (SEM)
equipped with a field emission gun (FEG). Cross-sections of the
filamentary TMC specimens were prepared by polishing with
diamond paste and with a colloidal silica finish to remove dam-

Table 1
Nomenclature of « variants

age induced by mechanical polishing. In addition, the o and B
phases, as well as the reaction products near the fibre/matrix
interface were revealed by this preparation technique. Standard-
less X-ray energy dispersive spectroscopy (EDS) analyses were
performed at 9 mm working distance and with high voltage of
20kV, whereas high-resolution images were obtained at SkV
with a working distance of 3 mm.

To investigate local crystallographic orientations, electron
backscatter diffraction (OIM® 2.7 system) was performed with
a sample tilt of 707, a 20kV high voltage. a working distance of
19 mm and a probe current of 0.1 nA. Crystallographic features
of the various phases were characterised using point measure-
ments.

3. Crystallographic background
3.1. Orientation relationships between « and 8 phases

The two allotropic a (hep) and B (bee) phases of titanium are
generally linked together by the Burgers orientation relation-
ships (e.g. [9.12]). which correspond to e.g. (1 10)p//(000 1)g
and [11 gl 1 20],. According to the symmetry elements of
both phases, the theoretical number of inherited « variants from
a given parent 3 grain is equal to 12 [5.7]. In fact, if we consider
the (000 1), close packed plane and the [1 12 0], close packed
direction of the a phase, six {110} close packed planes may

Variant number (000 1), indices in B frame

[1120], indices in B frame
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be chosen. each of them containing two (1 1 1)g close packed
directions. The 12 « variants are reported in Table 1, the first two
being those defined by Furuhara et al. [5]. Two stereographic
projections of these 12 variants in the frame of variant | are pre-
sented in Fig. 3. for the lattice parameter ratio ¢/a = 1.586 of the
investigated alloy [16].

These 12 possible « variants inherited from a parent
grain obey specific misorientation relationships between each 12
other [9], which were here calculated in the form of a rotation
matrix and also expressed as the minimum rotation angles and
their corresponding rotation axes. To perform these calculations,
an orthogonal frame with unit vectors, respectively parallel to
[2TT0].[0110]and [000 1] was defined for the o phase.

The misorientation relationships between reference variant
I and each of the 12 a variants are reported in Table 2. These @
results complete those presented in Ref. [9]. In the present study,
they are used as a means to recognise the « variants related to
the same parent B grain.

[o11e]
—2_

1,12
9,10 "

3.2. Habit plane of the « phase

The study of interfaces. and more particularly the characteri-
sation of grain boundaries in polycrystals, is a major application
of EBSD. Different ways of investigation are reported in litera-
ture. EBSD data acquisition and processing relevant to interface 3 12!
description can be performed by collecting crystallographic ori-
entations of adjacent grains. by serial sectioning, by analysis of
two intersecting non parallel sections or by trace analysis [17].
The trace analysis method, more suited to the geometry of the
investigated samples. has been used for this study.

Phase transformations of titanium and its alloys at moder-
ate to high cooling rates are also related to the existence of
particular habit planes — i.e. macroscopically invariant planes
between parent and product phases — specific to the «+ 3 type

[2110],

(b)

Fig. 3. (a) {0001} and (b) {1 120} stereographic projections of the 12 « vari-
ants in the frame of variant 1.

ol microstructure. Blank et al. [10] addressed the martensitic
bee-to-hep phase transformation and suggested {334} and
{34 4}p as habit plane indices, corresponding respectively to
{1 SO}G and {5 1 0}, in the orthogonal frame of the « phase.

In the present study, the habit planes of the EBSD analysed a
phase were compared to these two families of planes. First, by
using the EBSD point analyses and SEM micrographs, the traces
of elongated « phases in the sample plane (Fig. 1b) were mea-

Table 2
Misorientation relationships between variant 1 and any of the 12 « variants

Second variant Misorientation angle (°) Rotation axis

1 0.00 No rotation
2 10.53 [0001] (c) direction
3 90.00 At +5.26° from [2 110], in the basal plane
4 90.00 AL +5.26° from [2 1 10], in the basal plane
5 60.83 At 99.03° from c direction, in the plane containing both (i) the ¢ direction and (ii) one direction at
+5.26° from [1120] in the basal plane
6 60.00 [T120] direction
7 63.26 At 72.44° from ¢ direction, in the plane containing both (i) the ¢ direction and (ii) [T 21 0]
8 60.83 At 80.97° from ¢ direction, in the plane containing both (i) the ¢ direction and (ii) one direction at
+5.26° from [12 10] in the basal plane
9 63.26 At 72.44° from ¢ direction, in the plane containing both (i) the ¢ direction and (ii) [1210]
10 60.83 At 80.97° from c direction, in the plane containing both (i) the ¢ direction and (ii) one direction at
+5.26° from [1120] in the basal plane
11 60.83 At 99.03° from c direction, in the plane containing both (i) the ¢ direction and (ii) one direction at
+5.26° from [1 120] in the basal plane
12 60.00 [1120] direction
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sured and expressed in the crystal frame. These experimental
traces were then compared to the traces of the above mentioned
possible habit planes, calculated in the crystal frame as the cross
product of the plane normal by the sample normal. The angu-
lar deviation between measured and calculated traces was then
determined. The accuracy of the method is about 2° despite
thorough alignment procedure between the horizontal axis of
the micrographs (second vector of the EBSD sample frame) and
the tilt axis of the SEM.

4. Results

The results of EBSD investigations performed on filamentary
titanium matrix composite are presented in two distinct parts:
those related to the Ti6242S matrix and then those related to the
titanium carbide phases.

4.1. Titanium matrix

4.1.1. As-processed filamentary material

The Ti6242S microstructure of the as-processed filamentary
TMCs (Fig. 4) is very homogeneous and fine, so that grain
boundaries are difficult to reveal. It consists in small needle
or plate-shaped « crystallites of some hundreds nanometers in
length, and hardly observable residual B phase. Only the par-
ent B grain boundaries were casily determined by looKing at the
EBSD patterns of the B phase.

In this microstructure, EDS analyses showed that the alloying
elements were homogeneously distributed throughout the matrix
[18]. while equilibrium conditions should lead to partitioning
of the stabiliser elements in the corresponding phases. These
results lead us to consider the observed microstructure to be out
of equilibrium.

Due to the difficulty in observing and analysing the § phase,
only one former B grain was analysed by EBSD, associated
to point measurements in eight « grains in this parent § grain.
The experimental «/B orientation relationships were calculated

Fig. 4. As-processed filamentary material microstructure.
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Fig. 5. Cumulative relative frequency of angular deviation between experimen-
tal and calculated traces of habit planes.

thanks to the measured Euler angles and compared with
the Burgers orientation relationships. The angular deviation
between experimental and calculated orientation relationships
ranges between 1.3° and 3.5°. so that the actual orientation
relationship is close to, but not strictly identical to o/ Burgers
orientation relationships.

To enlarge the experimental database, the ct/a misorienta-
tion relationships within four other former B grains were also
compared with the theoretical a/ee misorientation relationships
between the 12 a variants inherited from the same B grain. A
total of 22 o measurement points were used for this purpose. The
angular deviation between experimental and theoretical misori-
entation relationships, 8, ranges between 0.5 and 2.5°, which
falls within the usually reported tolerance of 5° [9]. Moreover,
in spite of the low amount of data collected, the variety of ori-
entations of analysed a grains does not suggest any particular
variant selection during the phase transformation.

In spite of the difficult EBSD imaging conditions of this
microstructure, twenty traces of elongated a phases were inves-
tigated. In the zone where the B grain could be analysed, the
experimental traces were then compared with those of the {334}
and {344} planes of the B crystal, whereas in the other areas
the experimental traces were compared with those of the {15 0}
and {510} planes in the orthogonal « frame (Fig. 5). The results
show satisfactory agreement in both cases.

4.1.2. Heat treated filamentary material

The morphology of the o+ B heat treated microstructure is
similar to that of a+ B forged Ti62428S alloy. with primary «
grains essentially in the vicinity of the fibre/matrix interface, due
to the high concentration of e stabiliser carbon. The remaining of
the matrix shows elongated needle-like (or possibly plate-like)
secondary a phase of some hundreds of nanometres in width
and some micrometers in length, in a retained B matrix often
appearing as elongated films of about 20 nm in width (Fig. 6).

EDS analyses reveal partition of alloying elements in the
corresponding phases. For instance, B stabiliser molybdenum is
concentrated in the B phase (Fig. 6) and « stabiliser aluminium
in the a phase.

In spite of rather readily imaging of the B phase, no EBSD
point measurement could be performed in this phase due to its
very low thickness. Consequently, only the a/oc misorientation
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B3: 6 wt% Mo

o 1 wt% Mo

Fig. 6. Heat treated filamentary material microstructure: local EDS microanal-
ysis of Mo content (backscattered electron imaging).

relationships were studied. From the nine measurements in «
grains located in the same parent B grain, the angular devia-
tion between experimental and theoretical o/a misorientation
relationships were always lower than 3°. Furthermore, a graph-
ical method was developed to determine the orientation of the
parent B phase. by assuming that the o/ Burgers relationships
are respected. The {0001} and {2 110} poles figures of the
a phase were plotted and the {001} and {1 I I} poles figures
of the parent B grain were deduced by trial and error (Fig. 7).
Then, the Euler angles of the parent beta phase were determined
from these pole figures. This method enables determination
of the orientation of the former B phase even when it is no
longer present (or too difficult to analyse by EBSD) in the mate-
rial. A similar method has already been used for bainitic steels
in the absence of retained austenite [19]. whereas automatic
methods based on direct calculations have also been developed
[3.9].

4.1.3. Simulated materials

The microstructure of the as processed simulated and heat
treated simulated materials reveal strong similarities with the
filamentary TMCs. In fact, the as-processed simulated material
possesses a very fine microstructure with « needles (or plates) of
several hundreds of nanometers in length and hardly observable
retained B phase (Fig. 8a). The heat treated simulated material
has a B transformed microstructure with « needles (or plates)
of several micrometers in length and 0.5-1 pm in width and
a film-like retained B phase, resembling the microstructure of
o+ forged Ti6242S alloy (Fig. 8b).

4.2. Fibre/matrix interfacial zone

4.2.1. As-processed filamentary material

During the high temperature contact between the fibre and the
titanium matrix alloy in the filamentary TMC process, the high
reactivity of titanium with carbon gives rise to significant carbon

(-110)

(a)

3 PRE
l;fg (11-1

Fig. 7. (a) {0001}, and {110}, and (b) {1120}, and {111} stereographic
projections of e variants and parent  grain in the heat-treated filamentary mate-
rial. Open symbols and variant numbers are for the a phase: filled symbols and
plane indices are for the B phase in the sample frame.

transfer from the filament toward the matrix and the formation
of a brittle interfacial zone of about 10-30 um in thickness,
clearly revealed around the C coated SiC filament (Fig. 9a). In
the as-processed material, this zone is composed by a titanium
carbide interphase and a large outer area of Ti-based matrix
with titanium carbide precipitates (black arrows in Fig. 9a). The
continuous layer is about 0.5-1 pm thick, while the acicular
particles range between 1 and 10 pm in length. These brittle
phases constitute possible crack initiation sites and could reduce
mechanical performance of the composites.

The inner layer (white arrow in Fig. 9a) consists of equiaxed
grains, of 100-200 nminsize. The EBSD patterns can be indexed
as for fee crystals, suggesting the cubic TiC_x phase (which has,
in fact, a NaCl crystal structure). The fracture mechanism of this
brittle phase possibly depends on the misorientations between
grains, so that local grain boundary misorientations were calcu-
lated thanks to the Euler angles. High angle boundaries (mis-
orientation higher than 15°) were systematically found between
adjacent grains. However, no particular texture with respect to
the filamentary geometry or SiC fibre could be deduced from the
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Fig. 8. Microstructure of (a) as processed and (b) heat-treated simulated materials (secondary electron imaging).

grain orientations. These results are in agreement with EBSD
results obtained in a SiCp/Ti-6A1-4V composite produced by
laser melt injection, in the case when a polycrystalline TiC film
is formed around SiC particles [20].

In the as-processed filamentary material. the significant vol-
ume fraction of titanium carbide phase within the interfacial
zone consisted in platelets of several hundreds of nanometers in
length and a few nanometers in thickness (Fig. 10a). They were
located in the vicinity of the fibre/matrix interface and were
determined by TEM to be sub-stoichiometric TiC;_, titanium
carbide [16]. Thus, the particularly rapid conditions of solidi-

(b)

fication and cooling of the Ti alloy filament coating were able
to allow metastable phases formed at high temperature, such as
Ti>C. to be retained at room temperature. These results are con-
firmed by the Ti—C phase diagram (Fig. 2), which reveals that
TiyC could be the titanium carbide phase present at high tem-
perature (between 1500 and 1800 °C) for titanium matrix locally
enriched in carbon up to a few atomic percents, as is the case
close to the fibre. Other products of interfacial reactions such as
TisSiz were also found with TEM, in accordance with [21.22]
but these particles were far too fine to be analysed with EBSD
[16].

Fig.9. Microstructure of the fibre/matrix interfacial zone: (a) as-processed filamentary material and (b) heat treated filamentary material (secondary electron imaging).

Black arrows denote outer layer precipitates, white arrow denotes the inner layer.
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(a)

(b}

Fig. 10. Morphology of titanium carbide precipitates: (a) as-processed filamentary material and (b) as-processed simulated material.

4.2.2. Heat-treated filamentary material

Heat treated filamentary TMCs have a strongly modified
microstructure (Fig. 9b). The thickness of the inner continu-
ous titanium carbide layer significantly increased after the heat
treatment. Within this inner layer, only high-angle boundaries
(misorientation angles ranging between 35 and 51°) were found
between carbide grains. Moreover, no preferred orientation of
carbide crystals was evidenced with respect to the filament axes,
atleaston {100}, {110} and {111} pole figures.

The discontinuous precipitated carbide phase (outer layer)
was no longer observed in the Ti6242S matrix. This phenomenon
can be attributed to a modification of the stoichiometry of the
precipitates. At high temperature the TiC;_, phase in equilib-
rium with Ti alloy is close to TiCps, whereas at temperatures
around 950 °C it is closer to TiCp.7 as supported by Fig. 2. Thus,
during the heat treatment, the chemical composition of the car-
bide tends to be closer to stoichiometry, leading to a significant
decrease in the carbide volume fraction. Moreover, rapid diffu-
sion of carbon in the Ti alloy at temperatures close to 950 °C
implies spontancous spreading of carbon into the whole thick-
ness of matrix coating, which can also be a source of titanium
carbide phase modification. Consequently, the transferred car-
bon was homogeneously distributed over the matrix either as
solute atoms or as sub-micrometric Ti carbide precipitates.

4.2.3. Simulated materials

The examination of the simulated materials allowed correlat-
ing the titanium carbide precipitate characteristics with those
of the liquid route processed filamentary composites. In the
as processed simulated material, precipitates were determined
using Auger electron spectroscopy, SEM and TEM to be sub-
stoichiometric platelets of titanium carbide with face centred
cubic crystallographic structure (Fig. 10b) [16].

To examine the carbide/matrix orientation relationships
before heat treatment, 37 pairs of EBSD point measurements
on carbide and a neighbouring phases were collected in the
simulated material in four areas corresponding to four differ-
ent former B grains. In each zone. the pole figures of carbide

and a phases suggest the following orientation relationships:
(11 Dearbide /(000 Do and [110]capige//[2 1 10], as illustrated
in Fig. 11.

After heat treatment, these precipitates were no longer
observable, which confirms the evolution toward a more stable
state. In equilibrium conditions, according to the Ti—C phase
diagram, the mix of Ti alloy plus 0.25wt.% C gives rise 0 a
solid solution of carbon in the titanium alloy matrix.

5. Discussion

5.1. Comparison between filamentary and simulated
materials

Two major differences between filamentary and simulated
materials could have strongly affected the phase transforma-
tion during processing: (i) the high free surface to volume ratio
of the filamentary material (300 pm in diameter, see Fig. 1);
(i) the spatial distribution of carbon-rich areas (constrained to
the fibre/matrix interface in the filamentary material while more
homogeneously distributed in the bulk of simulated material).
In fact, no particular feature was observed near free surfaces.
The only difference between filamentary and simulated materi-
als was the former 3 grain size: only a few B grains were found
in a single cross-section of the filamentary material. whereas Ti
carbides seemed to have pinned B grain boundaries in the sim-
ulated material, leading to finer B grains and thus shorter and
finer o particles.

Nevertheless, microstructural examinations of the fila-
mentary and simulated materials reveal that the processing
conditions of the simulated materials adequately reproduced
the cooling conditions of the liquid route process used to
manufacturing filamentary TMCs. In fact, the microstructural
morphology of the Ti6242S matrix as well as the titanium
carbide precipitates properties were similar both before and
after heat treatment. Moreover, metallurgical modifications
observed in the filamentary material after the heat treatment
were in agreement with those observed on the simulated
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(o]d

(b)

Fig. 11. Stereographic projections of titanium carbide precipitates and neigh-
bouring a phase: (a) {2 110}, and {1 1 0} carbige: () {000 1} and {1 11} capige:
open symbols are for the a phase; small filled squares are for the carbide phase
in the sample frame.

material. Therefore, the simulated materials can be considered
as a reliable representation of the filamentary materials and
could be used for further characterisation with easier sample
preparation than for filamentary materials.

5.2. Phase transformations in the rapidly cooled materials

At the matrix/fibre interface, the particularly rapid conditions
of solidification and cooling of the filamentary titanium matrix
composites give rise to a metastable state characterised by the
presence of sub-stoichiometric TiC;_, titanium carbide precipi-
tates. In fact, numerical calculations showed that the cooling rate
ranges between 1000 and 1600 °C/s, depending on processing
conditions [16].

The microstructural properties of the Ti6242S matrix are
strongly influenced by processing conditions. The very fine
microstructure obtained in the as-processed filamentary TMC
and the absence of partition of alloying elements lead us to
consider that the B — a phase transformation should proceed
by cooperative displacements of atoms. The comparison of the

habit plane of the EBSD analysed « phase with results of Blank
et al. [10] emphasized that the experimental traces are in agree-
ment with theoretical ones. This, together with the near-Burgers
orientation relationships and the plate-like morphology. tends to
postulate the martensitic type of the B — « phase transformation
in these conditions (in contrast with e.g. a massive transforma-
tion mechanism).

5.3. Evaluation of the investigation method

The filament/matrix interface is hardly observable by clas-
sical characterisation methods. Even if some TEM observa-
tions have been carried out, thin foil preparation is difficult
because of (i) a high difference in hardness between silicon car-
bide filament and titanium alloy matrix; (ii) the small diameter
(around 300 pm) of the filamentary materials. With easier sam-
ple preparation, EBSD analyses allowed pointing out the cubic
crystal structure and the absence of texture of titanium carbide
phase at the filament/matrix interface. Moreover, misorienta-
tions between TiC;_, grains. evaluated to be higher than 15°,
might be useful to further investigate the fracture mechanisms
of TMCs.

6. Conclusions

EBSD investigations associated with high-resolution SEM of
filamentary titanium matrix composites pointed out the crystal-
lographic properties of the fine-scale titanium alloy and inter-
facial microstructure. The microstructural specificities of these
as-processed filamentary materials could be accurately simu-
lated on bulk materials.

After processing and rapid cooling of the filamentary TMCs,
the titanium alloy matrix characterisation reveals a & dominated
martensitic microstructure and metastable titanium carbides.
The filament/matrix interface consists of small randomly ori-
ented grains of sub-stoichiometric TiC_, titanium carbides.

The heat treated filamentary TMCs possess a more stable
matrix microstructure similar to that of a+f forged Ti624285
alloy, with elongated « colonies maintaining a near-Burgers ori-
entation relationship with the former 8 phase. The inner layer
of the fibre/matrix interface grows by carbon diffusion from the
SCS-6 filament toward the titanium alloy matrix while the car-
bides located in the outer layer disappear.
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