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ABSTRACT
Metastable β -Ti alloys exhibit various solid-solid phase
transitions. Our study is focused on the characterization
of β → ω phase transition. The in-situ observation of
the growth of particles of ω phase could be difficult by
conventional techniques. Recently, it was showed that the
ω phase significantly influence the elastic constants of the
material and the different forms of ω phase have different
effects on the elastic anisotropy, as well as on the internal
friction coefficients [Nejezchlebova, 2016]. Therefore the
β → ω phase transformation could be in-situ observed by
the precise measurement of the tensor of elastic constants.
In this contribution, we present the study of the kinetics of
the β → ω phase transformation by resonant ultrasound
spectroscopy. Two metastable β -Ti alloys – TIMETAL
LCB and Ti15Mo were in-situ examined by this technique
during isothermal and non-isothermal ageing.

Index Terms—TITANIUM ALLOYS, ω PHASE, ULTRA-
SONIC METHODS

INTRODUCTION
The particles of ω phase play an important part in thermo-
mechanical treatment since they serve as a heterogeneous
nucleation sites for precipitation of finely dispersed parti-
cles of hexagonal α phase. This fine microstructure leads
to a significant strengthening and general improvement of
mechanical properties (strength and toughness are enhanced
while ductility is maintained to an acceptable level).
Nano-sized particles of athermal ω phase (ωath) form by
diffusion-less shuffle transformation during quenching from
the temperatures above β -transus temperature. Upon sub-
sequent heating, the particles of isothermal ω phase (ωiso)
further evolve by coupled diffusional-displacive transfor-
mation mechanism. The alloying elements are rejected from
the ωiso particles to the surrounding β matrix and collapse
of (111)β planes takes place simultaneously during this
process. Detailed knowledge of the transformation pro-
cesses is the foundation for the tailoring of thermome-
chanical treatment routes in order to obtain material with
required properties.

Figure 1: Directional dependence of Young’s moduli of
examined TIMETAL LCB single crystals in (011) plane
[Nejezchlebova, 2016].

EXPERIMENT
The elastic constants of the examined samples were de-
termined by resonant ultrasound spectroscopy (RUS) using
the contactless experimental RUS setup described in detail
in [Sedlak, 2014].
The samples of metastable β -Ti alloys examined by RUS
were following:
• single crystals of TIMETAL LCB (Ti–6.8Mo–4.5Fe–

1.5Al in wt. %)
– solution treated
– solution treated + annealed at 300 ◦C/8 h
– solution treated + annealed at 300 ◦C/128 h

• solution treated polycrystalline samples of TIMETAL
LCB.

Single crystals of TIMETAL LCB were measured at room
temperature, the directional dependence of Young’s modu-
lus is plotted in fig. 1.
Three samples of TIMETAL LCB were held at constant
temperatures 200 ◦C, 250 ◦C and 300 ◦C for at least 16
hours. The evolution of shear modulus with time can be
seen in fig. 2.



Three samples of TIMETAL LCB were heated from room
temperature to 200 ◦C, 250 ◦C and 300 ◦C with heating
rate 1.4 ◦C/min and afterwards cooled to room temperature
with the same cooling rate. Four temperature cycles were
performed for each sample. The evolution of shear modulus
with temperature is plotted in fig. 3.

DISCUSSION
As can be seen in fig. 1, Young’s modulus of the ’solution
treated’ sample is significantly softer and more direction-
dependent than for the aged samples. The well developed
isothermal ω particles in the aged samples induce general
isotropization and stiffening, while the small volume frac-
tion of finely dispersed athermal ω particles in the ’solution
treated’ sample does not. There is also a slight difference
between the samples aged for 8 h and 128 h, as the increase
in the volume fraction of the isothermal ω particles due
to longer ageing leads to further isotropization and elastic
stiffening of the material.
The obtained values of the elastic constants of the studied
alloy in three different conditions enabled us to determine
the elastic constants of the ωiso particles in an isotropic
approximation [Nejezchlebova, 2016].
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Figure 2: Time dependence of shear modulus ∆G (∆G =
G(time)−G(time = 0)) of TIMETAL LCB during isother-
mal aging at temperatures 200 ◦C, 250 ◦C, 300 ◦C.

During the isothermal ageing (see fig. 2), there is an
obvious non-linear increase of shear modulus G with time.
This increase undoubtedly corresponds to growth of par-
ticles of ωiso phase. Higher temperature of ageing results
in more significant growth of elasticity of the material –
after 16 hours of ageing, shear modulus G increased by
3.6 GPa in case of temperature 200 ◦C, by 7.6 GPa in
case of temperature 250 ◦C and by 11.17 GPa in case
of temperature 300 ◦C. The curves of shear modulus also
differ in their shape – whereas the shear modulus of sample
aged at 300 ◦C evolves mostly during first hours of ageing
and then tends to saturate, the shear modulus of samples
aged at 200 ◦C and 250 ◦C grows more uniformly.
Observed behaviour of elasticity during non-isothermal
ageing (see fig. 3) confirms the results measured during
isothermal ageing. Cycling to higher temperatures induces
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Figure 3: Temperature dependence of shear modulus G of
TIMETAL LCB during anisothermal aging – four cycles
were performed for each temperature.

more intensive change of shear modulus – e.g. the first
temperature cycle to 300 ◦C caused higher increase of shear
modulus G than all four temperature cycles to 250 ◦C.
Moreover in agreement with isothermal ageing, the most
intensive saturation of elasticity was observed for cycling
to 300 ◦C in comparison with cycling to 200 ◦C and 250◦C.

CONCLUSION
The formation and/or growth of particles of athermal and
isothermal ω phase significantly affects the elastic con-
stants and internal friction parameters of the investigated
metastable β -Ti alloy. Therefore, resonant ultrasound spec-
troscopy is an appropriate tool for the in-situ study of
β → ω transition in metastable β -Ti alloys.
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