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Abstract. In this paper, the TC4 titanium matrix composite were fabricated by melting-casting
process, the composite was reinforced with different content of B ranging from 0.2wt% to 1.0wt%.
The microstructure and mechanical properties of as-cast TC4/B titanium matrix composite were
investigated. The results indicate that the elastic modulus increase 15%-30% for TC4/B composite
with 0.2wt% to 1.0wt%B. The microstructures of as-cast TC4/B are consisted of lamellar a, grain
boundaries B and the second phase of TiB, and the second phase TiB aggregates at the prior-f3 grain
boundaries with necklace-like arrangement. The microstructures of TC4/B would refine with the
increath of B content. From the analysis of fractographies, it can be found that with the increasing of
B content, the fracture model transforms from typical intergranular fracture to mixed fracture.

I ntroduction

Titanium and titanium alloy castings have found more and more applications in aerospace and
advanced weapons industries. And especially in recent years, with the technology improvement of
the investment casting for titanium, some complex equipment parts made by batch casting are
possible. So, the material utilization can be improved, the production cycle will be shortened, and the
manufacturing cost of equipment parts can be reduced sharply by the near-net shaping technology. At
present, more than 80% titanium alloy castings are made of Ti-6A1-4V alloy (referred to as TC4
hereafter) for aecrospace industry in China [1-2].

Compared to other high strength engineering materials, the elastic modulus of titanium alloy
usually varies from 110 GPa to 125 GPa, which is about 1/2 of the steel. Because of its low rigidity,
long and thin wall titanium components are easy to be distorted during the service life, so how to
improve the comprehensive performances of titanium alloys has always been concerned by many
researchers. Generally speaking, the elastic modulus of alloys is mainly related to alloy composition
and phase composition. The elastic modulus can be improved obviously for the alloys with
compounds such as TiB, TiC and TizAl, and also with higher amount of o stable elements and o
phase volume fraction. The elastic modulus of TiB phase is as high as 350-550 GPa, so it can
significantly improve the elastic modulus of titanium alloys. On the other hand, the grain size will be
refined, the strength and stiffness can be increased with the adding of element boron (referred to as B
hereafter) in traditional titanium alloy castings. Then, in order to improve the performance of the
traditional titanium alloys, new, economic and practical processes can be developed according to
above mentioned methods [3-5]. The microstructure and the mechanical properties of the as-cast TC4
bars with 0.2wt.%-1.0 wt.% element B are to be investigated in this paper.

Materials and Experiment

Raw materials used in this experiment were titanium sponge, aluminum shots, pure vanadium,
pure B powder, titanium foil, they were mixed in a certain proportion and were pressed into electrode
block. Three kinds of TC4-xB titanium matrix composite, where x = 0.2 wt.%, 0.5 wt.% and 1.0 wt.%,
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were prepared by induction melting furnace pre-melting for one time and by non-consumable vacuum
arc furnace melting for 4 times. Then the as-cast composite bars with the length of 100 mm and
diameter of 8 mm were casted in a red copper mould. The bars were hot isostatic pressed (HIPed) at
920 C with the pressure of 110 MPa for 2h to reduce the cast porosity. The samples for phase
composition and microstructure analysis were in length of 10 mm and diameter of 8 mm. The samples
for mechanical property tests were in length of 40 mm and diameter of 8 mm.

Results and Discussion

Theinfluence of B on elastic modulus of TC4/B.

Fig.1. shows a curve of elastic modulus of TC4 / B titanium matrix composite vs. boron content.
From the figure, it can be seen that the elastic modulus for the as-cast matrix TC4 alloy is less than
110 GPa, and which is more than 125 GPa for the composite with 0.2wt% B, the value increases 34%
due to the formation of TiB reinforcing phase. With the adding of element boron, the elastic modulus
for the composite increases first and then decrease. When B content is 0.5wt%, the elastic modulus of
the composite reaches a maximum value of 145GPa.

Theinfluence of B on the mechanical propertiesof TC4 /B at room temperature.

The mechanical properties at room temperature of the as-HIPed TC4/B titanium matrix composite
bars are shown in Fig.2. When boron content increases from 0.2wt% to 1.0wt%, the tensile strength
of the composite increases from 995MPa to 1205MPa, the increment is about 21%. At the same time,
the yield strength has the same changing tendency compared with the tensile strength, and its
increment is 20% or so. On the contrary, the elongation and the reduction of area have reverse
tendency, they both decrease with the increment of element B. When boron content varies from
0.2wt% to 1.0wt%, the elongation reduces from 10.8% to 3.8%, the descending rate is about 65%.
And the reduction of area reduces from 27.0% to 10.8%, the descending rate is 60%.

To sum up, with the adding of the element boron, the reinforcing phase TiB can improve the
strength of TC4/B, and greatly reduce the plastic of the composite at the same time. The effect will be
more obvious with higher amount of element B. The reason for the decrease of plasticity is mainly
due to the higher volume fraction of the TiB particles with the increase of boron content. Hard and
brittle TiB phases gather in grain boundaries, which can offset the effect of grain refinement, and
limit the alloy plasticity [5].
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Fig. 1. Elastic modulus of TC4/B Fig.2. Mechanical properties of TC4/B titanium
titanium matrix composite matrix composite at room temperature

Theinfluence of B on the microstructure and the tensilefractureof TC4/B .

The microstructures of TC4/B composite with different boron content are shown in Fig.3. The
microstructures of the composite are consisted of lamellar o grain boundary 3 and the second phase
of TiB, and TiB phases aggregate at the prior-f grain boundaries with necklace-like arrangement.
With the increath of B content, the volume fraction of second phase TiB increases significantly, and
more and more fine grains can be found. When B content is 0.2wt%, 0.5wt%, 1.0wt%, the shape of
internal o grains are long and thick strips, short and thick strips, at last refine to needle or long and
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thin strips, as shown in Fig.3a, Fig.3b and Fig.3c, respectively. The adding of element B can not only
refine the grains of the composite, but also can refine the grains of internal a layers [5].

Fig.3. The microstructure of TC4/B composite with different B content
(a) 0.2wt%B (b) 0.5wt%B (c) 1.0wt%B

SEM images of fractographies of TC4/B titanium matrix composites with different B content are
shown in Fig.4. From Fig.4a, c, it can be seen that the fracture surface is smooth without obvious
necking phenomenon, and secondary cracks can also be found in these two figures. The fracture
surface in Fig.4e is more plain than that in Fig.4a, c. There are some small holes and without
secondary cracks on the fracture surface. Clear tear ridge can be seen on the fracture surface shown in
Fig.4b, d. Most of the uniform dimples are broad and deep, as shown in Fig.4b. The dimples in Fig.4d
are shallower than that in Fig.4b, the fracture surface with intergranular fracture and the secondary
cracks is the typical feature of intergranular fracture. Small cleavage plane and a large number of long
strips fracture plane can be found in Fig.4f. The analysis shows that the long strips fracture plane is
corresponding to the lamellar a phase. So the fracture propagates along lamellar a phase [6-8].

Fig.4. SEM images of fractographies .I TC4/B titanium matrix composite
(a, b) 0.2%B, (c, d) 0.5%B, (e, f) 1.0%B.
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Conclusions

1) The second phase of TiB can improve the elastic modulus of as-cast TC4/B titanium matrix
composite. The elastic modulus can be improved 15-30% for the composite with 0.2wt% to 1.0wt%
element B. The reinforcing phase of TiB can increase strength, and greatly reduce the plasticity of the
composite. The effect will be more obvious with higher amount of element B.

2) The microstructures of as-cast TC4/B composite are consisted of lamellar a, grain boundary 3
and the second phase of TiB, and TiB phases aggregate at the prior-B grain boundaries with
necklace-like arrangement. The microstructures of the composite would refine with the increasing of
B content.

3) From the analysis of fractographies, it can be found that with the increasing of B content, the
fracture model transforms from typical intergranular fracture to mixed fracture.
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