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Effect of Ta addition on mechanical properties of 7715D titanium alloy
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Abstract: The 7715D titanium alloy added with 2.1% Ta element, nominated as 2Ta, was successfully synthesized using common
casting and hot-forging technology. Two kinds of heat treatments were adopted. The phase analysis was identified by XRD. The
microstructures were observed by optical microscopy (OM) and scanning electron microscopy (SEM). Both room-temperature and
high-temperature tensile properties were tested. The results show that the addition of Ta element plays an important role in the
mechanical properties of 7715D titanium alloy, which strengths the alloy seriously.
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1 Introduction

Titanium alloys are considered one of the
competitive high temperature structure materials, which
have the potentials to be widely used in aerospace,
industrial sectors and medical fields due to their low
density, high specific strength, elevated temperature
resistance, high elastic modulus to mass and high
corrosion resistance. Nowadays, with the increase of
applications in high-temperature fields, titanium alloys
with excellent high-temperature performances are
required [1-6].

Recently, titanium matrix composites (TMCs) have
been studied as the favorable materials for their high
strength, excellent wear resistance and high-temperature
durability, which extend the fields to aerospace,
advanced weapon system and automotive [7]. TiB, TiC
and LaB4, which were considered reinforcements with
predominant physical properties, were in situ synthesized
in titanium matrix composites (TMCs) [8—10]. Much
research work has been carried out about the mechanical
properties and microstructures of titanium matrix
composites [11,12].

As known that 7715D titanium alloy serves as an
important structural material for aero-application above
600 °C. The mechanical properties of in situ synthesized
7715D TMCs have been studied [13—15]. In order to
improve the room-temperature tensile properties and

high-temperature properties of titanium alloy, certain
strengthening element was considered to add to 7715D
titanium alloy. However, by now, few researches have
been carried out on the effect of the element addition on
the mechanical properties of 7715D titanium alloy. In
this work, the effect of Ta addition and heat treatments
on microstructure and mechanical properties of 7715D
titanium alloy has been studied.

2 Experimental

The 7715D titanium alloy with 2.1% Ta element
(2Ta) was synthesized by consumable vacuum arc
remelting and hot-forging. The raw materials were grade
I sponge titanium. Alloying materials for synthesizing
7715D titanium alloy were TiSn, AlMo, NbTa, Al, Zr, Si
and Ce. The nominal composition (mole fraction, %) of
7715D high-temperature titanium alloy is
Ti—6Al-3Sn—2Zr— 2Mo—2Nb—Si(trace)—Ce(trace).

The material was melted three times to ensure the
homogeneity of the alloy. After casting, the ingots were
hot forged between 1100 °C and 1150 °C, followed by
hot rolling between 960 °C and 1010 °C. The final rod
was about 15 mm in diameter with the reduction of 75%
in cross-section area. The specific f transition
temperature for 7715D—2Ta was (1090+5) °C. Two
kinds of different heat treatments were carried out on
7715D—2Ta, including one solid-solution treated at
980 °C for 1 h and post-treatment at 570 °C for 3 h
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(abbreviated as HT1), and the other heat treated at 7;+20
°C and then also treated at 570 °C for 3 h (abbreviated as
HT2).

Phase identification was carried out via X-ray
diffraction (XRD) using a D/max2550 V X-ray
diffraction under the conditions of Cu K, 40 kV, and
100 mA. Microstructure observations were carried out by
optical microscopy (OM). Samples for optical
microscopy were directly cut from the rods. The
specimens were prepared using conventional techniques
of grinding and mechanical polishing. The specimens
were etched with 10 mL HF+30 mL HNO;+60 mL H,O.
JSM—6700F scanning electron microscopy (SEM) was
used to examine the microstructures of the specimens.
Transmission electron microscopy (TEM) foils were
prepared by argon ion milling. The foils were examined
in a JEM—200CX electron microscope operated at 200
kV. Specimens with a gauge section of 6 mmx30 mm
were tested on a MTS—810 materials testing machine at a
strain rate of 1.0x107° s ' at room temperature. The
high-temperature tensile specimens with a gauge section
of 16 mmx4 mmx2 mm were prepared from the above
bars by electro-spark wire-electrode cutting. The
high-temperature tensile test was carried out on a
CSS—3905 materials testing machine. The tensile
temperatures were 600, 650 and 700 °C and the strain
rates were 1.0x107, 1.0x10° and 1.0x107* s,
respectively.

3 Results and discussion

3.1 Microstructure and phase transformation

Figure 1 shows the optical micrographs of heat
treated 7715D titanium alloy with 2Ta addition. As
shown in Fig. 1(a), after being heated by HT1, equiaxed
(E) structure was obtained. Lamellar (L) a phase was
observed when the specimen was treated at 1110 °C
(Tt+20 °C). As the white arrows shown in Fig. 1(b),
granular precipitate dispersed in the basket-like structure.

Figure 2 shows the X-ray diffraction pattern of the
studied alloys. The phases of 7715D—2Ta with lamellar
structure solute-treated at 1110 °C were the same as
those of the specimens with equiaxed structure, as
mentioned above. Therefore, it can be judged that both
the addition of Ta and heat treatment temperature have
little influence on the phase transformation for the
studied alloys.

3.2 Mechanical properties
3.2.1 Room temperature tensile properties

Table 1 shows the room temperature tensile
properties of 7715D—2Ta titanium alloy with equiaxed
and lamellar microstructure. By comparing with in situ

Fig. 1 Optical micrographs of 2Ta after heat-treatment: (a) HT1,
2Ta (equiaxed); (b) HT2, 2Ta (lamellar)
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Fig. 2 X-ray diffraction patterns of titanium alloys

synthesized 7715D titanium matrix composites[9], the
addition of Ta element led to significantly increase of
room temperature yield strength and ultimate strength in
7715D—2Ta titanium alloy with equiaxed microstructure.
The reason can be attributed to the solid-solution effects
of Ta addition. In addition, it was indicated that
7715D—2Ta titanium alloy with equiaxed microstructure
displayed higher room temperature yield strength and
ultimate strength than 7715D—2Ta titanium alloy with
lamellar microstructure. The lamellar microstructure was
obtained at high temperature during the solution
treatment. The higher the temperature was, the thicker
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the lamellar became, which was disadvantaged to the
tensile strength of the alloy. According to the room
temperature tensile properties shown in Table 1, higher
tensile strength was attributed to the equiaxed
microstructure.

Table 1 Room temperature tensile properties of 7715D—2Ta

alloys
Specimen E/GPa  ¢yp,/MPa  o,/MPa 0%
7715].) —2Ta 119.05 1358.42  1372.02 9.71
(equiaxed)
7713D ~2Ta 121.36  1060.93 119554  12.90
(lamellar)

3.2.2 High-temperature tensile properties

The high-temperature tensile tests of 7715D
titanium alloy with 2Ta addition were carried out at 600,
650 and 700 °C, respectively. The strain rate of
high-temperature tensile test is 10 s '. Table 2 shows
the high-temperature tensile strength and elongation of
titanium alloy. Each datum in Table 2 was the average
tensile properties of three specimens under the same
condition. With the increase of tensile temperature, the
tensile strength decreased and the fracture strains
increased. By comparing with the high-temperature
tensile strength of in situ synthesized 7715D titanium
matrix composites reported [14], the high-temperature
tensile strength of 2Ta addition alloy showed a higher
value, which can be considered an important mechanical

property for the application of 7715D titanium alloy in
high  temperature field. In  addition, higher
high-temperature tensile strength was obtained in the
specimens with equiaxed microstructures. As mentioned
above, the room temperature tensile properties of
7715D—2Ta titanium alloy are shown in Table 1. The
solid solution strengthening of Ta addition improved the
deformation resistance, which strengthened the titanium
alloy. Higher high-temperature strength was obtained in
the specimen with equiaxed microstructure.

Table 2 High-temperature tensile properties of 7715D —2Ta

alloys
UTS/MPa Strain/%

Sample
600 °C 650 °C 700°C 600 °C 650 °C 700 °C
7715D72Ta 816.43 672.86 537.76 109 19.1 364

(equiaxed)
7715D-2Ta 752.11 642.53 470.75 247 39.75 62.5

(lamellar)

Figure 3 shows the SEM images of the high
temperature tensile fracture surfaces under the strain rate
of 107 s™'. In Fig. 3(a), for the specimen of equiaxed
7715D—2Ta alloy, a lot of quasi-cleavage fracture
surface and river-like pattern were observed in the
high-temperature tensile fracture at 600 °C. Brittle
cleavage fracture occurred in the specimen which was in
accordance with the low plasticity of the high- temperature
tensile properties. In Fig. 3(b), a large number of dimples,

Fig. 3 SEM images of high-temperature fracture surfaces at strain rate of 10~ s ': (a) Equiaxed, 600 °C; (b) Lamellar, 600 °C;

(c) Equiaxed, 700 °C; (d) Lamellar, 700 °C
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and a small amount of quasi-cleavage plane can be
observed in the specimen with lamellar microstructure at
600 °C high-temperature tensile fracture, which
indicated that the material was dominated by ductile
fracture, and also the coexistence of brittle and plastic
fracture. When the temperature was 700 °C, as shown in
Figs. 3(c) and (d), a large number of dimples appeared in
both  specimens with equiaxed and lamellar
microstructure on the fracture surface, which showed a
good plasticity in accordance with the high-temperature
tensile properties.

Figure 4 shows SEM images of specimens along the
cross section after high-temperature tensile fracture at the
strain rate of 10~ s™'. In Fig. 4(a), a large number of
transgranular cracks were observed in the specimen of
equiaxed microstructure when the tensile temperature
was 600 °C. It was indicated that the equiaxed
microstructure was not so good at resisting crack growth.
Before plastic deformation occurring, rapid expansion of
the cracks led to the failure fracture of the specimen,
which showed lower elongation. As for the lamellar
microstructure, little crack growth can be observed
obviously, as shown in Fig. 4(b).

Fig. 4 SEM images of high-temperature tensile specimens
along cross section at strain rate of 10 s ": (a) Equiaxed, 600
°C; (b) Lamellar, 600 °C

Figures 5 and 6 show the high-temperature tensile
strengths and fracture strains of the 7715D—2Ta at
different strain rates. The strain rates were 102, 10> and
105", respectively. As shown in Figs. 5 and 6, with the
increase of temperature, the strength of specimens
decreased and the elongation increased. When the
temperature was 600 °C, for both equiaxed microstructure
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Fig. 5 High-temperature tensile strengths of 7715D—2Ta alloy

at different strain rates
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Fig. 6 High-temperature fracture strains of 7715D—2Ta alloy

with different strain rates

and lamellar microstructure, the highest tensile strength
can be obtained when the strain rate was 10~ s . While
at 650 °C and 700 °C, with the decrease of the strain rate,
the strength of 7715D—2Ta alloy decreased and the
elongation increased. By comparing with the equiaxed
microstructure and lamellar microstructure, it was found
that the strength of specimens with equiaxed
microstructure was higher than that of lamellar
microstructure. However, only at 700 °C under the strain
rates of 102, 10* s and at 650 °C under the strain rate
of 10* s™', the strength of specimens with lamellar
microstructure was higher than that of equiaxed
microstructure. In addition, higher elongation about
106.56% was obtained in equiaxed 7715D—2Ta alloy at
700 °C at the strain rate of 10™*s".

Generally, the deformation compatibility of the
specimen with equiaxed microstructure was much better
than that of lamellar microstructure. However, during the
processing of deformation at higher temperature and
lower strain rate, the cluster o phase with lamellar
microstructure, which had an inconsistent orientation,
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prevented the cracks from expanding more effectively.
Therefore, the necking caused by the rapid expansion of
cracks was avoided. On the other hand, compared with
the a phase with lamellar microstructure, the flow stress
of the specimen with equiaxed microstructure was much
lower. The lamellar a phase which has an inconsistent
orientation played an important role in hindering the
slipping of dislocations, which strengthened the
specimen largely.

4 Conclusions

1) The yield strength and ultimate strength at room
temperature of 7715D—2Ta alloy with lamellar
microstructures are lower than those with equiaxed
microstructure and higher elongation is obtained in the
specimen with lamellar microstructure.

2) The addition of Ta element strengths the 7715D
alloy seriously, which shows higher strength compared
with in situ synthesized 7715D titanium matrix

composites.
3) Similar characteristic can be found in
high-temperature tensile tests for both kinds of

specimens at the strain rate of 10~ s™'. Only at 700 °C,
under the strain rates of 1072, 10* s, and at 650 °C
under the strain rate of 10 s, the strength of specimens
with lamellar microstructure is higher than that with
equiaxed microstructure.
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