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Influence of Nb addition on microstructure
evolution and superplastic behavior of Ti-5Al-5Mo-
5Cr-27r-xNb titanium alloy at 923 K
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Abstract: Ti-5AI-5Mo-5Cr-2Zr-xNb with different Nb (abbreviated as Ti-5552-xNb, x=3, 6, 9, 12, wt.%) contents
were stretched at 923 K to study their superplastic behavior and mechanical properties below recrystallization
temperature. The microstructure of as-cast Ti-5552-xNb alloy is consisted of a single B phase, and the 8 grain
size increases slightly with the increase of Nb content. The thermal effect in the process of high temperature
drawing leads to the precipitation of a phase. The addition of Nb in Ti-5552 titanium alloys reduces the o/ phase
transformation temperature, which causes a decrease in the volume fraction of a phase. Reducing the a phase
content reduces incompatibility, but too low a proportion of a phase will lead to premature fracture, so tensile
strength and plasticity firstly increase and then decrease. The results show that Ti-5552-9Nb titanium alloy shows
the best tensile strength (307.2 MPa) and superplasticity (106%). The superplastic mechanism of Ti-5552-9Nb
alloy is mainly caused by relative sliding of 3 grain boundaries and dislocation movement.
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1 IHtI‘Odll(‘tiOIl temperature is higher than 1,073 K® ', In contrast,
the plasticity is lower at lower temperatures. If

Titanium alloy is widely used in various industries superplasticity at 923 K can be achieved, it plays

because of its excellent mechanical properties and
151 With the development of
aerospace, the application of titanium alloy has been
paid more and more attention'™®. Cast titanium alloy
has poor mechanical properties because of its coarse 3
grains, thus proper thermal deformation is considered

high corrosion resistance

necessary'”*. Because of its softening mechanism,
titanium alloy shows excellent superplasticity when
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an important role in reducing deformation energy
consumption and shortening the production
process''" " For this reason, achieving superplasticity
of titanium alloys at lower temperatures has attracted
widespread attention from researchers. Among the
current methods, alloying is one of the most promising
ways.

Nb is an important alloying element in titanium
alloy, which significantly improves the mechanical
properties of titanium alloy'’. In the previous research
of our group, the addition of Nb element into the
titanium alloy resulted in a significant improvement in
room temperature strength!'*. In addition, Nb is also a
B-stable element that plays a role in regulating the ratio
of a/p phase!”
of a/p phase directly affects the superplasticity at

1. Researchers have found that the ratio

1,023 K. At present, the research on superplasticity
is still conducted at higher temperatures, and the
mechanism by which Nb influences superplasticity at
lower temperatures still needs to be revealed.
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A temperature of 0.57,, (T, is the melting point of the
material, K) is usually defined as the critical temperature of
superplasticity. Research on the superplasticity of titanium
alloys has predominantly focused on temperature ranges
above 0.57,, and the superplastic deformation behavior and
mechanisms at temperatures below this threshold remain
unclear. Therefore, this work delved into the influence
mechanisms of the superplasticity of the newly developed
ultra-high-strength and ductile Ti-SAl-5Mo-5Cr-2Zr-xNb
alloys by our team'*. Through the addition of varying Nb
contents, the effect of Nb on the mechanical properties and
plasticity of the alloy at 923K (below 0.57,,) were elucidated.

2 Experimental materials and methods

The raw materials with composition Ti-5A1-5Mo-5Cr-2Zr-xNb
(Wt.%, x=3, 6, 9, 12, abbreviated as Ti-5552-xNb) used in the
experiment were melted by vacuum induction melting, and
the specific method was reported by our previous work!*,
The o/P phase transition temperature of Ti-5552-xNb alloys
measured by the metallographic observation method was
1,098 K, 1,073 K, 1,048 K, and 1,023 K. The tensile sample
with the gauge length of 5 mmx2 mmx20 mm was cut from
the ingot. After holding for 5 min at 923 K, the tensile test
was completed at a speed of 0.5 mm-min" on the universal
testing machine (Instron 5500R), and was heated continuously
during the stretching process. After the stretching was
completed, quickly removed the sample and water cooled to
room temperature to maintain the microstructure at 923 K. The
pretreatment process of samples was also shown in previous
work!"*. The metallographic microstructure was observed
using a laser confocal microscope (VL2000DX-SVF18SP).
Further microstructure characterization was performed with
a Quanta 200F scanning electron microscope and a Talos
F200xtransmission electron microscope.

3 Results and discussion

3.1 Microstructure and phase constitution of
as-cast Ti-5552-xNb alloy

Figure 1 shows the melting point, phase transformation point,
and critical temperature of superplastic deformation of
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Fig. 1: Melting point, phase transformation points, and
superplastic temperature of Ti-5552-xNb alloys

Ti-5552-xNb alloy. As shown in Fig. 1, the melting point of
titanium alloy increases gradually from 1,945 K to 1,972 K
with the increase of Nb content, because Nb is a high melting
point element. Correspondingly, the superplastic temperature
also increases. On the contrary, the B stable element Nb
reduces the o/p phase transformation temperature from 1,098 K
to 1,023 K, which indicates that the stability of B phase is
improved with the increase of Nb content.

The microstructure of as-cast titanium alloy is shown in
Fig. 2. The observation in the microstructure shows that the
structure is composed of clear grain boundary and single 8
phase, and the precipitation of o phase is not observed. The
grain of Ti-5552-3Nb alloy is approximately equiaxed, and its
aspect ratio increases with the increase of Nb content. As shown
in Fig. 2(a), the average B grain size of the Ti-5552-3Nb alloy is
approximately 190 um. As the Nb content increases to 6wt.%,
the size of the B grains in the lengthwise direction increases to
about 240 pm. As shown in Fig. 2(c), when the Nb content is
9wt.%, the average [ grain size is about 370 um. The largest
B grain size is observed in Fig. 2(d), with an average value of
about 470 pum, due to the continuous increase in Nb content to
12wt.%. In general, the B grain size increases with increasing
Nb content"”. Nb is a B stabilizing element that supresses the f
to o phase transition by weakening component supercooling!”'".
Therefore, grains continue to grow in a single  phase.
Eventually, the size of the f grain in the microstructure shown
in Fig. 2 increases with the increasing Nb element content.

Fig. 2: Microstructures of as-cast titanium alloy with different Nb contents: (a) 3wt.% Nb; (b) 6wt.% Nb; (c) 9wt.% Nb;
(d) 12wt.% Nb
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Fig. 3: SEM microstructure of as-cast titanium alloy with different Nb contents: (a) 3wt.% Nb; (b) 6wt.% Nb;

(c) 9wt.% Nb; (d) 12wt.% Nb

To characterize the as-cast microstructure in detail, the SEM images
of as-cast titanium alloys with different Nb contents are shown in Fig. 3.
The microstructure is composed of a single  phase, and no grain
boundary o phase is observed at the straight § grain boundary. The
above results show that the increase of Nb content does not change the
phase constitution of Ti-5552-xNb alloy, because the  stable element
Nb does not promote the precipitation of o phase.

3.2 Stress-strain curves and microstructures of
923 K high temperature tensile sample

The Ti-5552-xNb alloy was stretched at 923 K. The stress-strain curves
and morphologies before and after testing are shown in Fig. 4. The
macroscopic morphology shows that the Ti-5552-xNb alloy is oxidized
to different degrees; all the tensile samples show necking phenomenon,
and the fracture surface morphology presents a dimpled rupture pattern.
The stress-strain curves show that with the increase of Nb content in
the range of 3wt.%-9wt.%, the stress of Ti-5552-xNb alloys increases
from 158.6 MPa to 307.2 MPa, and the elongation increases from
75% to 106%. It can be seen that Ti-5552-9Nb alloy not only shows
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Fig. 4: Stress-strain curves at 923 K (a) and sample morphologies
before and after testing (b)

higher strengths, but also shows superplasticity
as high as 106%. When the Nb content further
increases to 12wt.%, the stress is 212.1 MPa and the
strain is 100.1%, which is slightly lower than that of
Ti-5552-9Nb alloy.

In the process of high temperature tension, the
heat treatment furnace of the tensile testing machine
continues to heat the sample, which is equivalent
to heat treatment. Therefore, the microstructure
of the unstressed area of the sample is observed,
as shown in Fig. 5. As shown in Fig. 5(a), the
microstructure of Ti-5552-3Nb alloy after high
temperature tension is composed of f phase,
intragranular lamellar a phase and grain boundary o
phase. Some of the nearly equiaxed a phases in the
crystal may be caused by the orientation relationship,
and the spatial orientation is perpendicular to the
visual field. In Fig. 5(b), the type of o phase in the
microstructure does not change, but its content and
aspect ratio decrease. This is because the increase
in Nb content lowers the a/f phase transformation
temperature, resulting in a decrease in the driving
force for o phase precipitation. In Ti-5552-9Nb
alloy [Fig. 5(c)], the morphology of intragranular
o phase is mainly equiaxed, the grain boundary o
phase is still continuous, and the content of o phase is
about 15%. As shown in Fig. 5(d), as the Nb content
increases to 12wt.%, the o phase content further
decreases. The Nb content has little effect on the
morphology of the a phase, and it still maintains a
short lamellar state.
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Fig. 5: Microstructure of Ti-5552-xNb alloy in the non-stressed zone after high temperature stretching:
(a) 3wt.% Nb; (b) 6wt.% Nb; (c) 9wt.% Nb; (d) 12wt.% Nb

The materials before and after high temperature tension
are characterized by XRD, and the results are shown in
Fig. 6. There is only a single peak of B phase in the as-cast
microstructure. Due to the lattice distortion effect caused by
Nb element, the peak of B phase shifts to the left compared
to the Ti-5552-3Nb alloy. Nb exists in the B phase as a
substitutional solid solution, and its atomic radius is slightly
lower than that of Ti atom, which increases the crystal plane
spacing of the B phase, resulting in a decrease in the diffraction
angle 6. After high temperature stretching, the peak of o phase
is observed in the microstructure. Since the content of a phase
decreases with the increase of Nb content, the number and
strength of the peaks decreases.
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Fig. 6: XRD analysis results of titanium alloys with

different Nb contents before and after tensile
testing
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3.3 Influencing mechanism of Nb on
superplasticity

The microstructure near the fracture surface after high
temperature tension is shown in Fig. 7, in which Figs. 7(a)
and (b) show the microstructure of Ti-5552-3Nb alloy and
Figs. 7(c) and (d) show the microstructure of Ti-5552-9Nb alloy.
As shown in Fig. 7(a), the higher content of o phase precipitated
during the heat preservation process before stretching captures
most of the dislocations, and the dislocation density in the
matrix is low. As shown in Fig. 7(b), dislocation accumulation
can be seen near the a phase in the TEM at a higher resolution,
forming a dislocation wall, and the dislocation density inside
the a phase is low. As shown in Fig. 7(c), the a phase content
in the Ti-5552-9Nb alloy is low, and dispersed dislocations
are observed in the B phase. It can be seen that the addition of
Nb element pins the movement of dislocations in the 3 phase,
which is an important reason for its significant improvement in
strength. As shown in Fig. 7(d), a large number of dislocations
are deposited near the o phase, and the dislocation density
is significantly higher than that of the Ti-5552-3Nb alloy.
The lower a phase content of the Ti-5552- 9Nb alloy makes
it easier to adapt to deformation because the incompatibility
between the a/p phases is suppressed. Therefore, the
elongation of Ti-5552-9Nb alloy can reach 106%, which
means that superplasticity is achieved.

The dislocation resolution near the o phase of Ti-5552-3Nb
and Ti-5552-9Nb alloys is shown in Fig. 8. As shown in
Figs. 8(a-c), the dislocation density of the a phase of the
Ti-5552-3Nb alloy is low. The phase type is calibrated in
combination with the SAED shown in the inset of Fig. 8(c).



Research & Development CHIN,

Vol. 23 No. 1 January 2026

Fig. 7: Microstructure near the fracture surface after high temperature tension:
(a, b) Ti-5552-3Nb alloy; (c, d) Ti-5552-9Nb alloy
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Fig. 8: Dislocations in a phase in high resolution: (a, b, c) Ti-5552-3Nb alloy; (d, e, f) Ti-5552-9Nb alloy
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HRTEM shows that the orientation mismatch between the o
and B phases is about 15°, and the B phase produces obvious
lattice distortion at the position indicated by the arrow.
Figures 8(d-f) show HRTEM at the interface of o and B
phases in Ti-5552-9Nb alloy. The results show that since a
phase hinders the slip of dislocation in the B phase, a large
amount of dislocation plugging exists in the  phase near the o
phase interface, as shown by the arrow, which leads to lattice
distortion. This also confirms that the addition of Nb makes it
easier for Ti-5552 titanium alloys to pin dislocations and thus
obtain higher strength at 923 K.

Figure 9 shows the element distribution diagram near the o

HAADF

HAADF MAG: 160kx HV: 200kV

phase of Ti-5552-3Nb alloy. The Nb concentration difference
between the o phase and B phase is lower than that of Cr and
Mo elements due to the limitation of Nb addition and its solid
solubility in the a phase (about 2.5wt.%). With the increase
of Nb addition, the concentration difference between the two
phases is bound to increase. It also can be seen the unlimited
solid solution of Nb in the B phase exerts a significant
strengthening effect. This leads to the formation of higher
density of dislocations in high temperature stretching, which

is the main reason for the significant increase in both high
temperature strength and plasticity of titanium alloys with an
increase in the content of Nb.

Fig. 9: Element distribution diagram near the a phase of Ti-5552-3Nb alloy (a-g)

4 Conclusions

In this study, the effect of Nb addition on superplasticity at 923 K
was revealed. The specific conclusions are as follows:

(1) The as-cast microstructure of Ti-5552-xNb alloy is
consisted of a single f phase. With the increase of Nb content,
the size of B grain in the microstructure increases gradually,
and the peak of B phase shifts to the left.

(2) The addition of Nb element reduces the precipitation
trend of a phase during high temperature tensile at 923 K.
When the Nb content increases from 3wt.% to 9wt.%, the
tensile strength increases from 158.6 MPa to 307.2 MPa, and
the elongation increases from 75% to 106%.

(3) The dispersed dislocations in B phase and the stacking
effect of a relative dislocations in Ti-5552-9Nb alloy are the
main reasons for high superplasticity.
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