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The mechanical behavior and microstructure evolution of a stable �, metastable �, and �-rich titanium
alloys during hot deformation in both � and �/� phase fields were studied. The effects of thermomechani-
cal processing and alloy content on final grain size and microstructure homogeneity in the alloys are given.
The processing windows in both � and �/� phase fields for the formation of homogeneous microstructures
with grain sizes down to submicron values are discussed. Isothermal multiple-step forging was used to
produce the billets of a �-rich alloy with homogeneous fine-grained microstructure and low ultrasonic
noise.
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1. Introduction

Beta titanium alloys offer an attractive alternative to the �/�
alloys due to their extended hot workability region arising from
a lower � transus temperature (Ref 1). A high content of �-sta-
bilizing elements impedes recovery/recrystallization processes
and allows the easier formation of a microstructure with the
smallest grain size in the � domain. As a result, the grain size
in � titanium alloys after thermomechanical processing in the
� phase field may be significantly smaller than that in the �/�
alloys. The smaller the � grain size and the more homogeneous
the microstructure after ingot breakdown in the � field, the
lower are the strains required to form the homogeneous micro-
structure with the smallest grain size during hot working in the
�/� field. Such a microstructure is very important not only for
secondary processing, but also for ultrasonic inspectability. Ul-
trasonic inspectability is affected by microstructure: a micro-
structure containing acoustic entities with sizes comparable to
the wavelength of the ultrasound exhibit high noise (Ref 2). So,
it is necessary to control the regimes of thermomechanical
processing to form at each processing stage the most homoge-
neous microstructure with the smallest grain size. The homo-
geneity of a recrystallized/globularized microstructure depends
on the total strain and the uniformity of the strain distribution
within the billet or forging. Therefore, to control microstructure
and final properties the use of isothermal or near-isothermal

deformation is required. Hot working temperatures for � tita-
nium alloys have been defined for high strain rates, such as
10−1 to 102 1/s (where 1 is the original length), which are
common for traditional processing techniques. At the same
time, the microstructure evolution and mechanical behavior of
� titanium alloys during low-strain-rate isothermal deformation
have not been well studied until now.

The goal of the present work was to study the microstruc-
ture evolution and mechanical behavior of a stable � alloy, a
metastable � alloy, and a �-rich alloy to define the parameters
of thermomechanical processing needed to form a homoge-
neous microstructure with the smallest grain size and to pro-
duce a billet with reduced ultrasonic noise.

2. Experimental

Three alloys, stable �Ti-33Mo, metastable �Ti-11.4Mo-
5.5Sn-4.2Zr, and �-rich Ti-17, were used. The alloys Ti-33Mo
and Ti-11.4Mo-5.5Sn-4.2Zr were delivered by a Russian
manufacturer, and Ti-17 was delivered by an American manu-
facturer. The chemical compositions and the � transus tem-
peratures of the alloys are listed in Table 1. Hot-rolled rods that
were 18 mm in diameter were used for the Ti-33 Mo and
Ti-11.4Mo-5.5Sn-4.2Zr alloys. The Ti-17 alloy was a �-pro-
cessed rod that was 203 mm in diameter and 1400 mm in
length.

Tensile and compression tests were used for the study of the
mechanical behavior of alloys. Strain rate sensitivity of flow
stress (coefficient m) was determined by the strain rate-
switching method. The mechanical properties of Ti-11.4Mo-
5.5Sn-4.2Zr after hot deformation were studied by the com-
pression of samples on a hydraulic press using an isothermal
die unit. The samples were a-b-c forged with 50% strain at each
step. The tensile samples were cut from those forgings.

The microstructure of deformed samples was studied using
optical microscopy (OM) and transmission electron micros-
copy (TEM). The samples for microstructure analysis were
cooled in water after deformation. The subgrain and grain sizes
were estimated by OM and TEM techniques. Misorientations
of the neighboring subgrains were determined using diffraction
patterns.
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3. Results and Discussion

3.1 Mechanical Behavior and Microstructure Evolution of
Ti-11.4Mo-5.5Sn-4.2Zr and Ti-33Mo during Deformation
in the � Field

Figure 1 shows the temperature dependencies of the total
elongation and the flow stress of both alloys at a strain rate of
1.3 × 10−3 s−1. The stable Ti-33Mo alloy has much higher flow
stresses compared with the metastable Ti-11.4Mo-5.5Sn-4.2Zr
alloy. The latter alloy exhibited a higher decrease in the flow
stress under transition to the � phase field. The changes in
relative elongation with increasing temperature occurred in
those alloys in accordance with changes in flow stress. But in
the metastable alloy, elongation increased slightly upon in-
creasing the temperature, while in the stable alloy a sharp in-
crease in ductility occurred at temperatures higher than 900 °C.

Both alloys exhibited stress-strain dependencies that are
typical for � titanium alloys (Fig. 2) (Ref 1). On the initial
deformation stage, a peak of flow stress was observed, while
further straining resulted in the steady-state flow stress. The
lower the strain rate and the higher the deformation tempera-
ture, the lower the value of the peak flow stress.

Figure 3 shows the strain rate dependencies of the total
elongation and flow stress for both alloys at different tempera-
tures. With increasing strain rate, the ductility of the alloys
decreased and the flow stress increased. The increase in the
deformation temperature led to ductility improvement and to a
decrease in the flow stress. The Ti-11.4Mo-5.5Sn-4.2Zr and
Ti-33Mo alloys exhibited the features of superplasticity at 900
and 700 °C, respectively. In a certain strain-rate interval the
strain-rate sensitivity of flow stress (coefficient m) is more than
0.3 (Fig. 3).

The distinction in the alloy composition did not lead to
substantial differences in structure evolution during deforma-
tion. At the initial stage of deformation, the formation of sub-
granular structure and waviness of the grain boundaries was
observed. The subgrain size increased by increasing the tem-
perature or decreasing the strain rate. For both alloys, increas-
ing the strain led to the formation of new grains at the initial
grain boundaries, while subgrains were formed within the grain
body. In the Ti-33Mo alloy, the subgrain and grain sizes were
smaller than in the Ti-11.4Mo-5.5Sn-4.2Zr alloy (Table 2).

The microstructure evolution of Ti-11.4Mo-5.5Sn-4.2Zr de-
formed at 900 °C with a strain rate of 3.3 × 10−3 s−1 has been
studied. At true strains between 0.7 and 1.0, a number of grains
lost their contour due to recrystallization and polygonization
(Fig. 4a). At higher strains, the microstructure remained un-
changed. The subgrain size at strains of 1.1 and 1.4 was about
2 to 4 �m (i.e., almost no change compared with a strain of 0.7)
(Table 2). Electron backscatter diffraction (EBSD) analysis re-
vealed the increase in the fraction of high-angle grain bound-
aries during the deformation that testifies to the occurrence of
recrystallization.

With increasing strain rate (>7 × 10−3 s−1), the grains be-
came elongated along the tensile direction. The straining was
extremely nonuniform, and the increase in strain led to increas-
ing microstructure heterogeneity. The deformation of the Ti-
11.4Mo-5.5Sn-4.2Zr alloy at all temperatures in the � region
resulted in similar changes in the microstructure.

Analysis of the deformation relief on the surface of polished
samples of Ti-11.4Mo-5.5Sn-4.2Zr revealed that, along with
the above-mentioned changes in the microstructure, displace-
ment of grains occurs during deformation (Fig. 4b). The dis-
placement of grains was not uniform; moreover, grain bound-
ary sliding (GBS) did not develop in all grain boundaries. The
contribution of GBS to the total mean straining of the alloy at
900 °C and a strain rate of ∼6 × 10−3 s−1 (conditions corre-
sponding to the maximum value of coefficient m) was esti-
mated to be 35 ± 7%. The decrease in the strain rate to 1.4 ×
10−4 s−1 led to a decrease in the contribution of GBS to 18 ± 4%.

The origin of the high ductility of the titanium alloy in the
� region differs from that of conventional structural superplas-
ticity. During hot deformation, the formation of subgrains oc-
curs, and their misorientation increases up to medium- and
high-angle boundaries. Their formation is a continuous process
controlled by dynamic recovery. The forming grains and sub-
grains grow in the course of deformation. The new subbound-
aries form in them, and their misorientation increases, resulting
in the formation of new grains. Therefore, the mean size of
grains and subgrains at the steady-stress stage almost does not
change. The formation of new grains at grain boundaries can
occur as a result of bulging by the mechanism of discontinuous
recrystallization.

Thus, the microstructure evolution observed during hot de-
formation is caused by the intense occurrence of dynamic re-
covery accompanied by the processes of dynamic recrystalli-
zation connected with the migration of grain and subgrain
boundaries. Obviously, at certain temperatures and strain rate
conditions, the optimal microstructure for superplasticity can
be attained. Such a microstructure has the largest volume frac-
tion of the new grains formed. This evidently increases the
contribution of GBS to the total deformation.

The results show that the optimal parameters of thermome-
chanical processing should be determined by controlling the
size of grains and subgrains, their shape, and uniformity.
Therefore, the conditions of the isothermal deformation of al-
loys in the � phase field should be close to superplastic re-
gimes.

Under certain temperatures and strain rate deformation con-
ditions in the � phase field, the initial microstructure of both
stable and metastable � alloys can be refined substantially. The
microstructure formed is of a mixed character, combining re-
crystallized grains and a well-developed subgranular structure.
Such a microstructure may be beneficial for secondary pro-
cessing in the �/� field, resulting in an increase of the nucle-
ation sites of the � phase and limiting the growth of � lamellas,

Table 1 Chemical composition of � titanium alloys

Alloy

Element content, wt.% (Ti − balance)

T�, °CAl Mo Sn Zr Cr Fe Si O C N H

VT30 … 11.4 5.5 4.2 … 0.08 0.07 0.10 0.015 0.012 0.010 745
Ti-33Mo … 33 … … … 0.25 0.10 0.10 0.10 0.050 0.015 …
Ti-17 5.1 4.0 2.0 … 3.8 0.10 0.02 0.11 0.010 0.004 0.002 890
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and, thus, leading to the formation of a homogeneous finely
dispersed microstructure. Let us consider the influence of hot
deformation on the microstructure and mechanical properties
of the Ti-11.4Mo-5.5Sn-4.2Zr alloy, in which the decomposi-
tion of the metastable � phase in the course of deformation
becomes more intense.

3.2 Mechanical Behavior and Microstructure Evolution of
Ti-11.4Mo-5.5Sn-4.2Zr During Deformation in the
�/� Field

The temperature dependencies of the flow stress and the
total elongation for Ti-11.4Mo-5.5Sn-4.2Zr at a strain rate of

Fig. 1 Flow stress and elongation as a function of temperature for
Ti-33Mo and Ti-11.4Mo-5.5Sn-4.2Zr alloys deformed at a strain rate
of 1.3 × 10−3 s−1

Fig. 2 Flow curves of (a) Ti-11.4Mo-5.5Sn-4.2Zr and (b) Ti-33Mo
alloys

Fig. 3 Flow stress and elongation as a function of strain rate for (a)
Ti-33Mo and (b) Ti-11.4Mo-5.5Sn-4.2Zr alloys

Fig. 4 Microstructure and deformation relief on the surface of the
Ti-11.4Mo-5.5Sn-4.2Zr samples: (a) strained to e ≈ 1.0 at 900 °C
and 6.7 × 10−3 s−1; (b) as a preliminary strained to e ≈ 0.8, cooled to
room temperature, polished and restrained to e ≈ 0.1 at 900 °C and
6 × 10−3 s−1
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1.3 × 10−3 s−1 are shown in Fig. 1. With an increased testing
temperature, a decrease in flow stress and an increase in elon-
gation were observed.

Figure 5 shows the stress-strain curves for the alloy within
the temperature range of 625 to 725 °C. At the beginning of
deformation, a peak stress was observed. The peak stress is
reduced with increasing temperature and decreasing strain rate
deformation. A further increase in strain led to flow softening.

Figure 6 shows the strain rate dependencies of the total
elongation and coefficient m. With increasing strain rate, a
decrease in the relative elongation value was observed at all
temperatures. Elongation increased with the testing tempera-
ture within the strain rate range studied. The linear dependen-
cies of the coefficient m on the strain rate at the initial stage of
deformation (e � 0.05) at all temperatures were observed.
After a true strain of 0.4, one could see the nonmonotone
character of the strain rate dependence of the coefficient m and
a considerable increase in its value. The highest elongation
corresponded to maximum values of coefficient m. Thus, the
results of mechanical tests showed that during the deformation
of Ti-11.4Mo-5.5Sn-4.2Zr in the �/� phase field a transition to
superplastic flow at a certain strains occurred.

Heating of the metastable Ti-11.4Mo-5.5Sn-4.2Zr alloy up
to the testing temperature led to the � → � phase transforma-
tion. The dispersion of � plates forming and the volume frac-
tion of the � phase depended on the heating temperature. So, at
the temperature of 625 °C, the mean length of plates was 5 �m,
and their mean thickness was 0.5 �m, while at 725 °C, the
mean length was 15 �m and the mean thickness was 1 �m.
Within the same temperature range during annealing for 0.5 h,
the volume fraction of the � phase ranged from 20 to 8%.
With increasing annealing time up to 2 h, the volume fraction
of the � phase increased up to 30% at 625 °C and up to 12%
at 725 °C.

The structure evolution of Ti-11.4Mo-5.5Sn-4.2Zr during
hot deformation in the �/� field occurred due to several com-
petitive processes, namely, dynamic recrystallization, phase
transformation, and globularization. In areas of the � grains
that were free of � plates, dynamic recrystallization was ob-
served, which essentially depended on the � → � phase trans-
formation during heating and deformation.

The microstructural homogeneity depended considerably on
the deformation conditions (Table 3). The homogeneity was
estimated from the volume fraction of the � phase particles
preserving a lamellar-type shape after deformation and the vol-
ume fraction of the two phase areas.

During deformation, decomposition of the metastable �
phase occurred and was accelerated by the stresses applied. For
example, at 675 °C the volume fraction of the � phase was 15%
before straining and about 35% after a true strain of 0.56. The
formation of low- and high-angle grain boundaries in the �
matrix during deformation contributes to the precipitation of
dispersed � phase particles and their homogeneous distribution
within the grain body. Due to the increase in the volume frac-
tion of the � phase and the generation of particles within the �
grain body, the microstructural homogeneity increased.

The phase transformation and recrystallization processes
exerted effects on each other. The formation of the � phase
particles within the � phase resulted in the redistribution of
dislocations and the migration of subboundaries, and, thus,
restricted the growth of subgrains and recrystallized � grains.
Upon increasing the deformation temperature, the volume frac-
tion of the � phase precipitates during heating and deformation
decreased, and the distribution became nonhomogeneous.
Moreover, in the single � phase, new recrystallized grains were
formed, and their sizes were larger than those in the two-phase
areas. As a result, the homogeneity of the microstructure de-
creased. In particular, at 725 °C and a strain rate of 3.3 × 10−4

Table 2 Dependence of structure parameters of � titanium alloys on strain rate

Alloy (temperature, true strain)
Average size of

starting grains, µm Strain rate, L/s
Size of recrystallized

grains, µm
Size of

subgrains, µm

Ti-11.4Mo-5.5Sn-4.2Zr (900 °C, e ≈ 0.7) 80 3.3 × 10−5 … 15-25
3.3 × 10−4 30-70 5-10
3.3 × 10−3 10-40 2-4

Ti-33Mo (700 °C, e ≈ 0.7) 7 6.7 × 10−4 1-2 0.2-0.7
3.3 × 10−3 0.2-0.5 �0.1

Fig. 5 Flow curves of the Ti-11.4Mo-5.5Sn-4.2Zr alloy deformed in
an �/� field at strain rate of 3.3 to 10−5 s−1

Fig. 6 Strain rate dependencies of total elongation and coefficient m
for the Ti-11.4Mo-5.5Sn-4.2Zr alloy: dash line is coefficient m at e �
0.05; solid line, e � 0.4
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s−1 after straining to e � 0.56, the volume fraction of the �
phase was found to be 14%, and the microstructure of the alloy
contained two-phase areas with � and � grain sizes of 1 to 3
�m and single-phase areas with � grain sizes of 4 to 8 �m.
With an increasing strain rate, the volume fraction of the �
phase and the fraction of globular particles decreased simulta-
neously (Table 3), resulting in a decrease of the microstructure
homogeneity at all of the temperatures studied.

The size of the recrystallized grains in the single-phase ar-
eas depended on the temperature and strain rate conditions of
deformation, becoming smaller with decreasing temperature
and/or increasing strain rate. At the same time in the two-phase
areas the grain size depended not only on the deformation
conditions but also on the volume fraction and dispersion of the
� phase precipitates. The increase in the volume fraction of the
� phase particles and their dispersion was responsible for grain
size refinement and improvement in microstructure homoge-
neity. In the Ti-11.4Mo-5.5Sn-4.2Zr alloy, a submicrocrystal-
line (SMC) structure with a grain size less than 1 �m was
formed at temperatures below 650 °C (Table 3).

The study of mechanical properties of the samples cut from
the Ti-11.4Mo-5.5Sn-4.2Zr billets, preliminarily subjected to
compression at 650 °C and a strain rate of 10−4 s−1, revealed
superplastic behavior within the wide temperature range (Table
4). The features of superplastic flow were observed even at
rather low temperatures for the titanium alloy, namely, at 600 °C.

It should be noted that the formation of the SMC structure
essentially expands the temperature range of superplasticity
toward low temperatures. In particular, values for the strain rate
sensitivity coefficient m ranging from 0.4 to 0.5 were observed
within the temperature interval of 600 to 725 °C. The highest
superplastic properties were observed within the range of 650
to 675 °C, where � � 50 MPa and � � 610% (Table 4). At
the same time, similar to the analogous titanium alloy Beta
III (composition: 11.0mass%Mo-6.4mass% Zr-4.3mass%Sn;
T� � 745 °C) with a grain size of 8 �m, the same level of
superplastic characteristics was observed only at higher tem-

peratures of 704 to 730 °C and lower strain rates of 6 × 10−5 s−1)
(Ref 3).

So, the formation of the homogeneous microstructure in the
Ti-11.4Mo-5.5Sn-4.2Zr alloy during hot deformation in the
�/� field essentially depends on the relationship of the dynamic
recrystallization of the � phase, the phase transformation, and
globularization. The kinetic correlation between them, which
can be achieved at certain temperature-strain rate conditions
close to superplastic deformation, may lead to the formation of
highly homogeneous microstructure with the smallest grain
size. The results of the current study revealed that the most
homogeneous fine-grained microstructure is formed in Ti-
11.4Mo-5.5Sn-4.2Zr alloy within the temperature range of 625
to 675 °C and at strain rates of 3.3 × 10−5 to 3.3 × 10−4 s−1. In
this case, the true strain value should be no less than 0.4 to 0.6.

3.3 Ti-17 Alloy Billet Processing for Low Ultrasonic Noise

From an ultrasonic inspectability perspective, titanium ma-
terial with a regulated fine-grain microstructure has an advan-
tage: it has lower ultrasonic noise. For �/� titanium alloys,
acoustic scattering arises from colonies of � particles sharing a
common crystallographic c-axis (Ref 2, 4). Alpha/beta titanium
alloy billets can be produced with microstructures that are sub-
stantially free of crystallographic texture at grain sizes less than
approximately 10 �m (Ref 4, 5). Such a homogeneous globular
microstucture is formed, for instance, by multiaxial forging in
the �/� phase field under conditions of temperature, strain, and
strain rate for dynamic recrystallization/globularization and su-
perplasticity (Ref 5, 6). Let us consider the possibility of the
formation of a microstructure providing low levels of back-
scattered ultrasonic noise in the �-rich Ti-17 alloy.

3.4 Procedure Development of Pilot Process for Ti-17 Fine
Grain Billets

The macrostructure and microstructure of the cross section
of the as-received Ti-17 billet are shown in Fig. 7. The micro-

Table 3 Microstructure parameters for Ti-11.4Mo-5.5Sn-4.2Zr deformed to e ≈ 0.56

Strain rate,
L/s

Microstructure parameters at deformation temperature, °C

Dm, µm A, % B, %

625 675 725 625 675 725 625 675 725

3.3 × 10−5 1/1 2/3 4/5 100 100 90 0 0 0
3.3 × 10−4 0.5/0.5 1/1.2 2/5 97 93 80 5 0 0
3.3 × 10−3 … 0.6/0.8 1.5/2 92 87 75 40 10 5
3.3 × 10−2 … 0.5/0.5 1/1 85 80 70 70 50 20

Note: Dm, mean size of recrystallized grains (numerator, for � phase; denominator, for � phase); A, volume fraction of two-phase areas of struture; B, volume
fraction of � particles preserving a lamellar type shape after deformation.

Table 4 Superplastic performance of Ti-11.4Mo-5.5Sn-4.2Zr with a SMC structure

Grain size,
µm Characteristics

Temperature, °C (strain rate ≈6 × 10−4/s)

500 525 550 600 625 650 675 700

0.8 �, MPa … … … 238 98 53 49 47
�, % … … … 250 580 610 610 370
m … … … 0.40 0.47 0.50 0.47 0.43

0.3 �, MPa 567 472 130 90 … … … …
�, % 55 85 390 430 … … … …
m 0.22 0.50 0.56 0.48 … … … …
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structure has the coarse-grained lamellar structure. Fine and
short plates of � phase are present inside the matrix � grains.
The � grain size ranged from 0.5 to 1 mm, and the thickness
and length of the � plates ranged from 1 to 2 �m and 10 to 20
�m, respectively.

To determine the temperature range for the thermomechani-
cal processing of alloy Ti-17 for a fine-grained microstructure,
the samples in the as-received condition were compressed at
760, 800, and 845 °C at a strain rate of ∼10−3 s−1. The average
� grain size in the microstructure of samples deformed to 65%
strain decreased with decreasing deformation temperature and
was about 4, 3, and 1.5 �m for deformation temperatures 845,
800, and 760 °C, respectively. Based on the results obtained, a
procedure was developed for producing billets of Ti-17 having
a globular microstructure with a grain size ranging from 4 to 8
�m. It included the a-b-c-forging in the temperature range from
800 to 850 °C and strain rates between 10−3 and 10−4 s−1.

A cross section of the uniform fine-grained (UFG) Ti-17
billet at a distance equal to a quarter of the billet length is

shown in Fig. 8(a); the macrostructure of the billet is homo-
geneous and has a dull surface. The microstructure of the fine-
grain processed Ti-17 is shown in Fig. 8(b) with a globular
microstructure consisting of 4 to 8 �m grains.

3.5 Electron Backscatter Diffraction Analysis

Samples of a �-processed billet and samples from the fine-
grain processed Ti-17 material were analyzed by EBSD. For
the images of orientation shown in Fig. 9, shades of gray rep-
resent distinct crystallographic orientation, white represents the
other phase, and black represents regions the phase and/or ori-
entation of which could not be determined.

With reference to Fig. 9(a), the � phase appears to be fine

Fig. 7 Macrostructure (a) and microstructure (b) of as-received Ti-17
billet

Fig. 8 Macrostructure (a) and microstructure (b) of ultra-fine-grain
Ti-17 billet
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scale and with random crystallographic orientation, but the �
phase is representative of large grains. The analysis of the pole
figures for the � and � phases has shown that there are only a
few unique sets of poles for the � phase, which is consistent
with only a few � grains. In contrast, the � phase has many
c-axis orientations, which is consistent with all variants of the
Burgers relationship present in each grain. With reference to
Fig. 9(b), both the � and � phases exhibit random crystallo-
graphic orientation and are less than 10 �m in diameter. There
are about equal amounts of the � and � phases. For the pole
figures of either phase (� and �), there are large numbers of
unique orientations, which is consistent with the research ob-
jective to produce a UFG structure.

3.6 Ultrasonic Evaluation

Ultrasonic C-scans were conducted on blocks of titanium
alloy billet material at 5 and 10 MHz. The blocks were 38 mm
tall, and most contained nine flat-bottom holes that were ma-
chined to within 13 mm of the top surface. The flat-bottom
holes were 0.8 mm in diameter. Two scans were conducted at
each frequency to determine signal to noise. One scan was
adjusted to record ultrasonic reflections from within the block,
a measure of ultrasonic noise; a second scan was adjusted to
record the reflections from the flat-bottom holes, a measure of
a signal from a flaw. A block was machined from convention-
ally processed Ti-17 billet as well as from a block of the same
alloy in the UFG-processed condition. Additionally, there was
a cylinder of fused silica. The results of ultrasonic C-scans are
presented as the signal-to-noise ratio illustrated in Fig. 10 in
comparison with those for titanium alloys Ti64 and Ti6242 in
conventionally processed and UFG-processed conditions (Ref
2, 5).

As seen in Fig. 10, the conventionally processed material
has higher ultrasonic noise and lower signals from flat-bottom
holes than do those corresponding UFG-processed material.

4. Summary

The evolution of the � microstructure during the hot defor-
mation of � titanium alloys is caused by the occurrence of
dynamic recovery and recrystallization. At certain tempera-
tures and strain rate intervals of isothermal deformation, a mi-
crostructure suitable for superplastic flow can be formed, and
thus, the regimes of thermomechanical treatment of alloys
should be close to superplastic conditions.

The formation of the homogeneous globular-type micro-
structure in metastable � and �-rich alloys depends consider-
ably on the kinetic correlation among the processes of dynamic
recrystallization/globularization, phase transformation, and su-
perplasticity occurring in the �/� phase field. A highly homo-
geneous fine-grained microstructure with grain sizes down to
submicron values can be also formed under thermomechanical
conditions close to superplastic deformation.

Fig. 9 EBSD images and pole figures from (a) conventionally processed and (b) fine grained-processed Ti-17

Fig. 10 Signal-to-noise from a 0.8 mm diameter flat-bottom hole in
Ti alloy blocks
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Processing to produce UFG microstructures possessing ran-
dom crystallographic orientations of grains of both the � and �
phases in the billets of � titanium alloys has been defined.
Uniform fine grain-processed billets have ultrasonic transpar-
ency advantages.
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