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ABSTRACT

Metastable beta titanium alloys have the ability to achieve different microstructures as a result of various heat treatment
cycles. The aim of the present study was to create a combination of fine spherical and needle-shaped alpha phase in a
metastable beta Titanium alloy (Ti-3Al-8Mo-7V-3Cr) using two-phase solution annealing and aging to improve tensile
properties. In this regard, one strip of the alloy was solution annealed in the two-phase region (o+f) at 750°C. Then,
some of the solution treated specimens were aged in one step and the others in two steps. The microstructural
observation and phase analysis were studied by scanning electron microscope (SEM) and X-ray diffraction (XRD),
respectively followed by investigating tensile properties using tensile test. The results exhibited that the microstructure
of the alloy after annealing in the two-phase region (o+f) consisted of a spherical primary alpha phase of 1 um in the
beta matrix. One-step aging at 600°C resulted in a microstructure without secondary alpha layers. This heat treatment
cycle resulted a yield strength of 980 MPa and fracture strain of 13.9%. Two-step aging at 300°C and 600°C led to
formation of the secondary alpha layers with 0.1 pm thickness and increased the yield strength and fracture strain to
1007 MPa and 15.8%, respectively.

Keywords: Ti-3A1-8Mo-7V-3Cr alloy, Two-phase solution annealing, Two-step aging, Microstructural evolution,

Tensile properties.

1. INTRODUCTION

Beta titanium alloys have a wide range of
mechanical properties due to their ability to form
a variety of microstructures [1, 2]. The
microstructure with spherical and needle-shaped
alpha phase in the beta matrix causes combination
of high tensile strength and ductility [3]. Primary
alpha phase with spherical morphology can be
achieved by solution annealing in the two-phase
region (a+P). The needle-shaped alpha phase can
be obtained by aging [4]. It has been reported that
the most attractive properties in the Ti-15-3 alloy
was obtained by two-step aging [5]. Particularly,
aging at 300°C for 8 h followed by aging at 450°C
for 16 h caused a good balance of strength and
ductility. Recently the B titanium alloy, namely
Ti-3A1-8Mo-7V-3Cr (Ti-3873) has been designed
based on the commercial § titanium alloy known
as Ti-5A1-5Mo-5V-3Cr (Ti-5553) with the aim of
improving cold workability [6]. The present work

*: m_morakabati@mut.ac.ir

focuses on studying the effect of various cycles of
aging  treatment to  achieve  different
microstructures with spherical and needle-shaped
alpha phase and evaluate the tensile properties of
the Ti-3873 alloy.

2. MATERIALS AND METHODS
The chemical composition of the Ti-3873 ingot
was obtained as Ti-2.9A1-7.9Mo-7V-3Cr-0.180
(wt.%). The beta-transfer temperature (Tp)
measured by metallographic method obtained as
760-780°C. Two-phase solution treatment was
performed at the temperature of 750°C for 1 h,
followed by water quenching. One-step aging
carried out at the temperatures of 500, 550, and
600°C and two-step aging carried out at the
temperature of 300°C, and subsequently at 500,
550, and 600°C (every step down for 8 h)
followed by cooling in air.

The microstructural observations were carried
out using a FEI NOVA NANOSEM 450 Scanning
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Figure 1. SEM micrograph of the Ti-3873 alloy after
solution annealing in the (o-+f§) region at 750°C for 1 h.
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Figure 2. SEM micrograph of the T1—3§7gralloy after
solution annealing in the (a+p) region and aging at

600°C for 8 h.
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Figure 3. a) SEM icro raph of the Ti-3873 alloy—af;;ar solution an;ealing in fhe-(a+[3) region and two-step aging
at 300°C for 8 h followed by aging at 600°C for 8 h, b) higher magnification of (a)

Electron Microscope (SEM). Tensile tests were
done using an Instron 8502 testing machine
according to ASTM ES8 standard.

3. RESULTS AND DISCUSSION

3.1. Solution treated microstructure

The microstructure of the alloy after solution
annealing in the (o) region at 750°C for 1 h is
shown in Figure 1. The microstructure consists of a
significant amount of globular primary a (0,) phase
with average diameter of 1 pm and volume fraction
of 20%. The a, phase located at the P grain
boundaries can limit the recrystallization and growth
of the  phase due to its pinning effect.

3.2. Solution treated and aged microstructures

The microstructure of the alloy after solution
annealing in the (a+f) region and one step aging
treatment is shown in Figure 2. As can be seen, the
acicular o phase was not formed during one step
aging. This may be attributed to the higher stability
of the Ti-3873 alloy. Therefore, the two step aging

process was done. 3 transforms to f + ® by low
temperature aging. Hence, the second step aging
was carried out at high temperature to complete the
above transformation [7]. The microstructure of the
alloy after solution annealing in the (a+f) region
and two step aging is shown in Figure 3. Besides
the globular o, phase, the secondary o phase (as)
with acicular shape was formed during the two-step
aging. The o5 precipitate was 1 pm in length and
0.1 pm in width. The boundary of [ grains
appeared the size of B grains as 5 um. The presence
of a,, phase determined the stability of the remained
B phase and the driving force for precipitation of
secondary o. In fact, the effect of o, precipitation
was to enrich the B matrix by P stabilizer elements
and deplete the a stabilizers. Therefore, the a+f
solution treatment can lower the propensity of the
remained B matrix to decompose, reducing the
driving force for the o phase precipitation during
the subsequent aging. But, in the first step of the
two -step aging, the driving force for nucleation of
® phase is more than that of o phase. This would
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Figure 4. The stress-strain diagram of the Ti-3873
alloy after one-step and two-step aging.

lead to more nucleation sites to form acicular o,
phase. Subsequently at the second step of aging,
the ® phase transforms to os phase and grows
faster than one step aging.

3.3. Tensile properties
Figure 4. shows the stress-strain curve of the
specimens treated at two different aging
conditions. It can be seen that there is an
improvement of strength from 980 to 1007 MPa
and fracture strain from 13.9% to 15.8% after
two-step aging in comparison with one step aging.
There is a distinct improvement of strength
after two-step aging, as evidenced by the studies
of different researchers [8]. They reported that the
two-step aging results in finer particle size of o
phase and so increased strength. In addition,
solution annealing in the (o+f) region followed by
two-step aging suppressed grain boundary
movement and finer a phase resulted in improving
the tensile and ductility, simultaneously.

4. CONCLUSION

Solution annealing in the (a+f) region resulted in

globular a,, phase with average diameter of 1 pm.

2. During one-step aging at 600°C for 8 h after
solution annealing in the (o+f) region, the
acicular as phase was not formed. By aging at
300°C for 8 h followed by aging at 600°C for 8
h, the secondary o phase with acicular shape and
I um in length and 0.1 pm in width was formed.

3. Two-step aging at 300°C and 600°C led to
increase in the yield strength from 980 to 1007
MPa and fracture strain from 13.9% to 15.8%.
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