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Abstract: By means of DTA, SHS quenching, XRD and SEM, the microstructure evolution during fabricating of TiB
reinforced irrsitu titanium matrix composite was studied. DT A result shows that there are two exothermic and one en-

dothermic reaction during heating of Tt B-Al system. The exothermic reactions correspond to the solidsolid diffusion reac

tion between Ti and Al, and the reaction of TiB formation respectively, and the endothermic reaction corresponds to melt-

ing of Al. The sample of SHS quenching presents four regions: unreacted region, heat-affected region, reacting region and

product region. The microstructures of these regions reflect the process of microstructure evolution during preparation of

irr situ TiB reinforced TMC. Ti, B, Al powders are in simple mechanical contact in the unreacted region; the sharp angles

of original metal particles have become round and B diffuses into melted Al in the heat-affected region; TiB whiskers begin

to appear and grow in the interior of reacting region. In product region, the TiB whiskers are uniform and fine. The re-

sult of XRD indicates that the reinforcements formed in product region are TiB whiskers. And the TiB is a hexagonal

prism with a pyramidal head.
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1 INTRODUCTION

Titanium matrix composites are promising mate-
rials which can be used extensively in aerospace and
automotive industries because of their excellent me-
chanical properties at room temperature and elevated
[ such as low density, high strength,
and corrosionrresistance. Among the irrsitu fabrica

tion methods of titanium matrix composites[s_“],

temperature

self-propagating high-temperature synthesis ( SHS)
method has unique advantage, that is, the reinforce-
ments are fine and dispersed. In SHS, there is an
exothermic reaction accompanied with the release of
heat. The heat liberated is adequate to sustain the re-
action by the rapid propagation of a combustion front

121 A require-

without the further addition of energy
ment for the propagation of a reaction in a self-sus-
taining mode is high enthalpy of reaction. The reac
tions with relatively low enthalpy changes need to be
heated prior to the initiation of the reaction. The ad-
vantage of this process is the self-generation of energy
and the production of high purity products, because
all volatile impurities evaporate at high temperature
obtained by exothermic reaction. It is economical and
short-cut technology to fabricate high-quality particle
reinforced imrsitu titanium matrix composites, and it
is possible to obtain complex components with casting
technology.

In Ref. [ 13], the titanium matrix composite re-
inforced by imrsitu TiB whiskers was fabricated suc
cessfully in TrB-Al system. The result showed that
addition of Al promoted the formation of TiB whisker
reinforcements and the temperature of TiB formation
was decreased. But there was a lack of understanding
of microstructure evolution during preparation of i
situ TiB reinforcing titanium matrix composite. The
aim of this work is to study the microstructure of each
intermediate reaction stage by SHS quenching com-
bined with SEM, so as to understand the microstruc-
ture evolution during preparation of in-situ TiB rein-
forced titanium matrix composites. Differential ther
mal analysis (DTA) experiment is used to find out
the sequence of multiple reactions during TiB forma-
tion.

2 EXPERIMENTAL

In this work, the TrB-Al system was the mix-
ture of Ti, B, and Al powders. Table 1 shows the
particle size, impurity and purity of Ti, B and Al ele-
ments. Titanium powders, amorphous boron pow ders
and aluminum powders were blended in a mixer; the
mass composition of the TrB-Al system is Ti 88.
3%, B7.5%, Al 4.2%.

DTA experiment was conducted in argon gas at
linear heating rate of 10 C/min up to 1 500 TC.
The mixture was cold pressed into cylinder sam-
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Table 1 Particle size, impurity and purity of

Ti, B and Al
Average . e
Element size/ Bm Purity/ % Impurity/ %
Ti 20 > 98 =;
B 1 295 -
< <
Al 29 _ Fe 0.3, CuX0.17,

$i<0. 35

ples with diameter 20 mm and height 40 mm by 60 t
universal material testing machine for SHS quench-
ing, which made use of the exothermic reaction in
SHS. In this process, the sample was ignited first on
the upper part, and then the combustion front trans-
mitted to the lower part. Meanwhile, the lower part
of the sample was quenched, and therein the trans-
mission of the combustion front was stopped, the mr
crostructures corresponding to the intermediate reac
tion stages were remained. The quenching media
could be liquid argon, chill metal etc; here, the pure
copper with high heat-conductivity was used. Fig. 1
is the schematic of SHS quenching device. The SHS
quenching device was made of three parts: copper
pole, heat-insulator and ignitor. The copper pole
with a 130 mm diameter and 160 mm height was
used as quenching media, which had a hole with dr
ameter of 20 mm and height of 10 mm in the centre
of the top. The ring-shaped heat-insulator was used
to prevent the sample from being oxidized during re-
action. The heat-insulator with 130 mm diameter and
30 mm thickness had a through central hole with di
ameter of 20 mm. The ignitor was used to initiate the
self-propagating reaction. Because of the fast heat loss
due to copper pole, the combustion synthesis could
not spread all over the whole sample. The combustion
front stopped at where the sample was contacted and
quenched with copper pole. The area adjacent to
combustion front presented four regions: unreacted
heat-affected region, reacting region and
product region which are denoted by A, B, C and D

region,

respectively as shown in Fig. 2. The sample was cut
along its axis and polished. The microstructure of
each region was observed under SEM. XRD was con-
ducted to product region of sample quenched. The
DTA device is Perkin-Elmer. The XRD device is
Philips Analyzer.

3 RESULTS AND DISCUSSION

3.1 DTA experiment

The DTA curve for the TrB-Al system is shown
in Fig. 3. It is clear that there are multiple reactions
in this system. In the following paragraphs the reac
tions taken place in the TrB-Al system will be dis-
cussed.

I1gnitor

Heat- |
insulator

Copper
pole

Fig. 1 Schematic of SHS quenching device

Combustion
front

LAY

Fig. 2 Four regions schematic of quenched sample

In Fig. 3, there are two exothermic peaks, a
and ¢, an endothermic peak, b. The temperature of
endothermic peak is 665 C, so b corresponds to
melting point of Al. Before melting of Al, there is a
small exothermic reaction, a, which is a solid-solid
surface diffusion reaction between Al and Ti. Titani
unraluminum compounds are formed. The equations

are:
Ti+ 3Al ~ TiAlL (1)
Ti+ Al ~ TiAl (2)
3Ti+ Al ™ TizAl (3)

The most interesting observation in Fig. 3 is the
exothermic reaction ¢ at 710 C, which follows the
melting of Al closely. Since the heat released fast and
strongly, it can be assumed that it is an exothermic
reaction between Ti and B. the equation is given as

Ti+ B~ TiB (4)

3.2 SEM microstructure

The microstructure of unreacted region A is
shown in Fig. 4. It can be seen that the Ti partr
cles and Al particles are of irregular shapes with
sharp angles and have relatively big particle size ;
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Fig. 3 DTA curve of TrB-Al system

- Sias I

Fig. 4 Microstructure of unreacted region

the particles of B are very fine. These particles are in
simple mechanical contact.

The region close to the unreacted region is the
heat-affected region. Fig.5 is the microstructures

of heat-affected region B. The heat-affected region
can be divided into three subregions. The typical
morphologies of each subregion are given in Fig. 5
(a), 5(b) and 5(c) respectively. From Fig. 5(a),
the microstructure of unreacted region is still re-
mained. The sharp angles of original metal particles
have become round. On the basis of DTA curve of Tt
B-Al system in Fig. 3, the Al has melt in the stage of
Fig. 5(a). Melted Al is adsorbed on the surface of Ti
particles. The sharp angles of Ti particles become
round. In Fig. 5(b), the morphology of Ti particles
is further changed. According to DTA curve, the
reason is that after melting of Al, the Al spreads out
completely on Ti particle surface. And before melting
of Al, there are titanium-aluminum compounds
formed on the contact interface between Ti and Al
particles. The reaction helps the sharp angles disap-
pear too. B particles stick to the surface of melted Al,
as shown in Fig. 5(b). In Fig.5(c¢), B particles have
become very little, which results from B diffusing in-
to liquid Al. Melting of Al promotes the diffusion of
B into Ti cross liquid Al, and the heat released by
formation of titanium-aluminum compounds provides
energy to generation of TiB (see Ref. [ 13]). Ti par
ticles surrounded by Al squeeze together closely.

The next region is the reacting region C. Fig. 6
is the microstructure of reacting region. From Fig. 6
(a), there are TiB whiskers growing in the interior of
sample. In Fig. 6 (b), there are TiB whiskers on the
whole matrix.

Fig. 7 is the microstructure of product region
D, which shows the morphologies of TiB grown up
freely in shrinkage porosity zone of sample. TiB can
be identified by XRD of product region, as shown in
Fig. 8. It can be seen that there are TiB reinforce-
ments and Ti matrix, and no titanium-aluminum
compounds, which illuminates that reaction between
Ti and B is complete. Because the sample was
fabricated by SHS quenching , the time of reaction is

Fig. 5 Microstructures of heat affected region
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Fig. 7 M icrostructures of product region
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Fig. 8 XRD of product region

short, and the extent of reaction and the growth of
whisker are limited unavoidably. But in Fig. 7(a), it
can be seen that the whiskers are uniform, fine and
staggered. The Fig. 7 (b) is the typical morphology
of completely reacted region. In Fig.7(c¢), it is obvi

ous that the shape of TiB whisker is a hexagonal
prism with a pyramidal head. Three arrows from left
to right indicate the shape of the end, profile and
head respectively.

4 CONCLUTIONS

1) The results of DTA show that there are two
exothermic reactions and one endothermic reaction
during heating of the TrB-Al system. The exother
mic reactions correspond to the solidsolid diffusion
reaction between Ti and Al and the reaction of TiB
formation respectively; and the endothermic reaction
involves melting of Al

2) The sample of SHS quenching presents four
regions: unreacted region, heat affected region, re-
acting region and product region. The microstruc
tures of these regions show clearly the microstructure
evolution during preparation of in-situ TiB reinforcing
titanium matrix composite.
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3) The Ti, B, Al powders are in simple me
chanical contact in unreacted region; The sharp an-
gles of original metal particles have become round and
B diffuses into melted Al in the heat-affected region;
T1iB whiskers begin to appear and grow in the interior
TiB
whiskers are uniform, fine and staggered together.
And the TiB is a hexagonal prism with a pyramidal
head.

of reacting region. In product region, the
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