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Abstract—The effect of heat and thermomechanical treatments conditions on the microstructure and main
mechanical characteristics (obtained by tensile, high-temperature long-term strength, fracture toughness,
and high-cycle fatigue tests) of the Ti—45A1—5Nb—1Mo—0.2B (at %) alloy was studied. Before the treat-
ments, the sequence of phase transformations in the alloy after its solidification was determined by test-
quenching method. The obtained data were used to develop conditions for the heat and thermomechanical treat-
ments. It was found that a small but stable increase in the plasticity and strength of the cast alloy is observed after
three-stage annealing at temperatures that correspond to the (o + y)- and (o, + B(B2) + y)-phase region. The
thermomechanical treatment at temperatures corresponding to the (o(o,) + B(B2) + y)-phase region and subse-
quent two-stage annealing at temperatures that correspond to the (o + B(B2) + ¥)- and (o, + B(B2) + y)-phase
region lead to the formation of fine-grained duplex structure. This determined the substantial improvement
of the low-temperature plasticity and strength (6 = 3.1% and ¢, = 860 MPa at 20°C, respectively) and
retained high creep resistance to 700°C.
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INTRODUCTION

At present, light heat-resistant intermetallic alloys
based on the y(TiAl) and o,(Ti;Al) phases (from here
on, Y(TiAl) alloys) are considered to be a possible
structural material for designing an advanced aeroen-
gine characterized by a higher thrust-to-weight ratio
[1-5]. The alloys exhibit high specific strength, stiff-
ness, heat resistance, high-temperature strength, and
combustion resistance at temperatures of 600—800°C.
The specific modulus of elasticity of the y(TiAl) alloys
is 50—70% higher than that of titanium and nickel
alloys; the difference remains at high temperatures.
The specific strength of y(TiAl) alloys (with the appro-
priate microstructure) at temperatures of 600—800°C
exceed that of all traditional structural materials [6].
The y(TiAl) alloys are assumed to be partially substi-
tuted for heat-resistant nickel alloys for gas-turbine
engines. This will allow one to substantially increase
the specific engine performance and simultaneously
decrease the fuel consumption, carbon dioxide emis-
sion, and engine noisiness.

Difficulties related to the realization of optimum
combination of mechanical properties, such as the
high heat-resistance, strength, high-temperature
strength, and adequate plasticity and fracture tough-

ness hinder the wide application of the y(TiAl) alloys.
It is known that, from the viewpoint of microstruc-
ture, the coarse lamellar (y + o,) structure favors
reaching high heat resistance and adequate fracture
toughness due to the existence of coarse-grained colo-
nies (d ~ 100—1000 um) and coherent and semicoher-
ent /v, 7/, interfaces in them; however, coarse colo-
nies are unfavorable for plastic deformation. y(TiAl)
alloys with the cast coarse lamellar structure exhibit
zero plasticity at room temperature. The increase in
the plasticity (with elongation by 2—3% or more) of
the y(TiAl) alloys is reached in the cases of duplex and
equiaxed fine-grained structures, which are formed by
thermomechanical treatment; however, these states
are characterized by low heat-resistance and fracture
toughness. Due to the fact that the lamellar structure
is unstable because of the low o,-phase content, the
duplex structure in the Ti—(47—48)Al—2(Cr or Mn)—
2Nb (at %) alloys developed by General Electric in
1986 can be formed by heat treatment, which ensures
the plasticity to be at a level of the 1—2% elongation of
the alloy at room temperature. This has determined
the development of preparation technology of the
alloy [7—9]. However, the specific strength of these
alloys is lower than that of nickel alloys, and the max-
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Table 1. Properties of y(TiAl) alloys at room temperature
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Alloy composition, at % Structure (treatment) 8 (20°C), %/0, (20°C), MPa| Ty °C
Cast alloys
Ti—48Al—2Cr—2Nb [7] Duplex (HT) 1.5/476 650—700
Ti—43.7A1-3.2(Nb, Cr, M0)—0.2B [15] | Fine lamellar (HT) 1.05/630 700—750
Ti—43.5A1-4Nb—1Mo—0.1B [16] Fine lamellar (HT) 1.16/784 750
Ti—45A1—5Nb—1Mo—0.2B [17] Fine lamellar (HT) 0.8/670 750
Ti—46Al—8Ta [18] Fine convolute* (HT) 0.5—1.1/642—666 750—800
Ti—44Al-4Nb—4Hf—0.1Si—0.1B [19] | Lamellar (HT) 0.43/689 750—800
Ti—44A1-8Nb—1B [20] Fine lamellar (HT) 0.6/699 750—800
Ti—43A1-6Nb—1B [21] Fine lamellar (HT) 0.4/670 750
Deformed alloys

Ti—44.2A1-3(Nb, Cr, B) [22] (Ft $§_1;231§rging L HT) 2.7/764 700750
Ti—(46—48)Al—2Cr—2Nb—0.15B [23] gziizf;fllirb T+ HT) 3.9-4.7/844—1010%* 700
Ti—43.5A1—4Nb—1Mo—0.1B [6] ]f?)‘r‘gpilr‘:;‘ J(f’l‘{trTu)Sion * single-stage 1-2.2/800—950 700—750
Ti—45A1-5Nb—0.2C—0.2B [24] Duplex (extrusion + HT) 2.5/1085** 700—750
Ti—(40—44)Al—8.5Nb [25] Duplex (extrusion + HT) 2.5/~1000%* 700—750
Ti—45A1-8Nb—0.2C [15] Fine-grained (extrusion + HT) 2.2/910%* 700—750
Ti—43Al-6Nb—1B [21] Duplex (three-stage forging + HT) 2.4/820 750
Ti—44.5A1—6.25Nb—0.8Mo—0.1B [26] | Duplex (single-stage forging + HT) 1.5/800 700—750

* A kind of lamellar structure formed via the massive 0, — Y,,,, transformation.

** Properties were given for the extrusion direction.

imum operating temperature does not exceed 650—
700°C. Thus, on the one hand, the low-temperature
plasticity and, on the other hand, heat-resis-
tance/strength are inversely dependent on each other,
which makes it difficult to achieve the optimum
mechanical properties of the y(TiAl) alloys.

The search for Y(TiAl) alloys characterized by
higher heat resistance and strength resulted in the
development of so-called TNB and TNM alloys
[6, 10—14]. These alloys are characterized by a low
aluminum content (usually 43—45 at %) and high con-
tents of alloying elements, and demonstrate substan-
tially higher strength and heat resistance and lower
plasticity (in the cast heat-treated state) compared to
those of Ti—48 Al—-2Cr—2Nb alloys.

Table 1 shows the properties of cast and deformed
Y(TiAl) alloys at room temperature. It can be seen that
the increase in the content of alloying elements and
decrease in the aluminum content substantially affect
the strength and plasticity parameters of the alloys
with comparable structures. Table 1 indicates the
maximum operating temperature that increases when
the duplex structure changes the lamellar structure
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and the contents of alloying elements, such as niobium
and tantalum increase. The maximum operating tem-
perature of cast heat-treated TNB, TNM, and other
Y(TiAl) alloys, which are relatively high-alloyed,
exceeds that of the Ti—48Al—2Cr—2Nb alloy by 100°C
or more; the specific strength is about 1.4 times higher
and the plasticity is slightly lower.

The use of hot deformation allows one to increase
the plasticity and strength of alloys; this is accompa-
nied by a slight decrease in the heat resistance. This
fact is explained by changes in the structure morphol-
ogy and colonies/grains refining (Table 1). It should
be noted that the high heat resistance of TNB alloys,
such as Ti—45AI—-8Nb—0.2C, can also remain in a
fine-grained state [15, 24, 25] due to the high niobium
content and carbon additions that increase the creep
resistance. At the same time, the hot extrusion of TNB
alloys can result in inhomogeneities in the microstruc-
ture, which are due to the chemical microinhomoge-
neity of the starting cast material and are difficult to
eliminate, even after additional thermomechanical
treatment [24, 27], and the high niobium content can
lead to the formation of brittle m phase [19, 20, 26].
When considering the mechanical properties of
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deformed y(TiAl) alloys, the high cost and labor inten-
siveness of deformation processing, which are due to
the low manufacturing plasticity of the y(TiAl) alloys
and necessary application of high deformation tem-
peratures (during extrusion, the temperatures are
1250—1400°C) and expensive die materials and con-
sumables, should be taken into account.

The aim of the present study is to achieve the opti-
mum combination of mechanical properties of the
Y(TiAl) alloy by heat treatment and technologically
uncomplicated thermomechanical processing. The
following considerations were taken into account in
deciding the composition of the y(TiAl) alloy: (1) the
initial cast alloy should have a structure with small
Y/, colonies (d < 100 um), i.e., the alloy should be of
those that undergo solidification through the 3 phase
[6, 13, 14]; (2) it is desirable that phase transforma-
tions in the alloy can be used to vary the parameters of
the microstructure [13, 28]; and (3) the alloy should
be moderately alloyed in order for no additional unfa-
vorable phases to be formed or for them to be dis-
solved. Taking into account the aforementioned con-
siderations, we use the Ti—45A1-5Nb—1Mo—0.2B
(at %) alloy as the starting material; it is among TNM
alloys (described in detail in [6, 13, 14]) and solidifies
through the B phase. This study continues previous
works [17].

EXPERIMENTAL

The Ti—45A1—-5Nb—1Mo—0.2B (at %) alloy was
prepared by GfE Metalle und Materialien GmbH
(Germany) and delivered in the form of a rod 120 mm
in diameter and 180 mm long. An ingot was prepared
by vacuum arc melting and subsequently subjected to
mechanical treatment. To determine the phase com-
position and temperatures of phase transformations, a
test-quenching method was used. In this case, samples
about 1 cm? in volume, which were cut from the ingot,
were heated to 900—1350°C, held for 2 h, and sub-
jected to water-quenching. The phase composition of
quenched samples was determined by X-ray diffrac-
tion analysis and scanning electron microscopy. The
temperatures of phase transformations were estimated
by differential scanning calorimetry using an STA 449
F1 Jupiter (Netzsch) set up. Heat treatments of sam-
ples were performed in air using furnaces manufac-
tured by the Applied Test Systems company.

A blank for the thermomechanical treatment was
cut from an ingot. The treatment includes quasi-ther-
mal deformation at temperatures that correspond to
the (au(o,) + B(B2) + ) phase region and the maxi-
mum [B(B2)-phase content. For this purpose, a blank
was placed into a carbon-steel envelope, heated to a
temperature slightly above the eutectoid transforma-
tion temperature, quickly transferred into a die unit
heated to 950°C, and subjected to compression at a
rate of ' ~ 1072—10~" s~! with a degree of deformation
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of € ® 70%. The deformation was performed using a
hydraulic press and a maximum force of 16000 kN.
The deformed alloy was drawn out from the envelope
and cut into pieces that further were subjected to dif-
ferent heat treatments.

Microstructural studies were performed using a
Mira-3 Tescan electron microscope and backscattered
electron (BSE) mode that ensures the phase contrast.
The average grain (colony) size was determined by
random secant method. The volume fraction of the
bright B(B2) phase was determined by Glagolev’s
point-counting method. The thickness of plates was
measured using transmission electron microscopy.
X-ray diffraction analysis was performed using a
DRON-4 diffractometer and Co Ko, radiation. To
identify reflections and process data, X’Pert High-
Score Plus software was used.

Short-term tensile tests were carried out in air at
room and high temperatures at the initial deformation
rate ¢ = 8.3 X 10~* s~ . The tests were performed using
planar samples 10 X 5 X 2 mm in gage size, which were
spark-cut and mechanically polished. The failure
toughness was studied at room temperature at a rate of
deformation of 0.5 mm/min by three-point bending
tests. In this case, rectangular chevron-notched sam-
ples 4.5 X 5.5 X 32 mm in size were used. Long-term
strength tests were performed at temperatures of 600,
700, and 750°C for 100 h under loads P = 300—
550 MPa using conventional samples 5 mm in gage
diameter and 25 mm in gage length. High-cycle
fatigue tests were carried out at room temperature at
the cycle number N = 107 and a frequency of 20 Hz
using conventional samples. The maximum tensile
load was P_,,, = 350 and 400 MPa; the minimum load

max

was P, = 70—80 MPa.

RESULTS AND DISCUSSION
Initial State

Figure 1 shows the macro- and microstructure of
the Ti—45A1-5Nb—1Mo—0.2B ingot in the initial cast
state. The macrostructure is uniform, lusterless
(Fig. 1a); the microstructure consists of nonequiaxed
colonies of alternating y- and «,-phase plates and
interlayers and grains of comparatively dark y and
bright B(B2) phases located mainly at colony bound-
aries (Fig. 1b) (B2 is the ordered B-phase modifica-
tion). The average colony size is d = 60 £ 3 um. Inter-
layers and grains of y- and B(B2) phases are mainly
elongated in shape and 3—10 um in width and up to
40 um long. The volume fraction of the B(B2) in the
cast alloy is ~5%. The microstructure of ingot demon-
strates the presence also of filamentous boride (mono-
and diboride [28, 29]) inclusions. The presence of
three phases, namely, Y, 0, and B(B2) in the alloy was
confirmed by X-ray diffraction analysis data (Fig. 2).

To determine the phase composition and phase-
transformation temperatures, alloy samples were

No. 10 2016



IMPROVEMENT OF MECHANICAL PROPERTIES

1041

Fig. 1. (a) Macro- and (b) microstructure of the initial cast Ti—45A1—-5Nb—1Mo—0.2B alloy (backscattered electron mode).

quenched, and the dependence of the volume fraction
of the B(B2) phase on the quenching temperature was
plotted (Fig. 3). It can be seen that the B(B2) phase is
present in the alloy in the temperature range 900°C <
T < 1300°C; the maximum volume fraction equal to
13vol % corresponds to a temperature of 1200°C.
Based on the results of test quenching and metallo-
graphic analysis and taking into account a calculated
quasibinary Ti—xAl—4Nb—1Mo—0.1B phase diagram
previously obtained in [14, 16], the sequence of phase
regions during the solidification and cooling of
Ti—45A1-5Nb—1Mo—0.2B alloy can be as follows:

LoL+tB-oBoat+foa—-a+y— o+ B(B2)
+y—>oato,+p(B2)+y—>o,+ B(B2)+Yy.

The temperatures of main phase transitions for the
Ti—45A1-5Nb—1Mo—0.2B alloy are 7, = 1189°C,
which is the eutectoid transformation temperature;
T, = 1316°C corresponds to the transition to the sin-
gle-phase o region; and 7;, , , + 5 = 1360°C, which is
the temperature of the onset of the oo — o + [ trans-
formation [17].

The conditions of the heat and thermomechanical
treatments of the alloy were determined with taking
into account the obtained data. The treatment of the
alloy was aimed at the following:

(1) refining the microstructure;

(2) the preparation of mainly a lamellar micro-
structure with equiaxed colonies using heat treatment;

(3) the preparation of a duplex microstructure that
contains lamellar and globular components using heat
and thermomechanical treatments;

(4) achieving a relatively large distance between
lamellae, which is important in order to achieve low-
temperature plasticity [17];

(5) the dissolution of the B(B2) because it decreases
the high-temperature properties of the alloy.

THE PHYSICS OF METALS AND METALLOGRAPHY  Vol. 117

2500 - 2 T-TiAl
i) (Xz—Tl:;Al
5 2000 B(B2)
o)

s 1500 -
=
% 1000 -
= _ e
= 500 - v =« 33
, 8 Bwd gy By
b T Erbe i Vil LA

0
20 30 40 50 60 70 80 90 100 110 120 130 140
20, deg

Fig. 2. X-ray diffraction pattern of the Ti—45AI-5Nb—
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phase on the quenching temperature of the cast Ti—45A1—
5Nb—1Mo—0.2B alloy.
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Fig. 4. Schematic diagram of heat and thermomechanical treatment conditions for the Ti—45A—5Nb—1Mo—0.2B alloy; desig-
nations vy, V,, and v; correspond to furnace cooling, furnace heating, and air cooling, respectively.

Effect of Heat and Thermomechanical Treatment
on the Microstructure

Figure 4 shows the scheme of heat and thermome-
chanical treatments of the alloy. The heat treatments
(HTs) HT 1 and HT 2 include annealing at 1300°C for
0.5 h; furnace cooling; annealing at 900°C for 4 h;
and, in the case of HT 2, additional annealing at
1100°C for 2 h. The cyclic heat treatment (HT 3)
includes the annealing at 1300°C for 1 h, furnace cool-
ing, cyclic annealings at 1100°C for 1 h and 1200°C for
0.5 h, and final annealing at 900°C for 4 h. The ther-
momechanical treatment (TMT) includes onefold
compression under quasi-isothermal conditions at
temperatures close to the eutectoid temperature, sub-
sequent annealing at 1250°C for 2 h, furnace cooling,
and annealing at 900°C for 4 h (Fig. 4).

HT 1 mainly leads to the formation of the lamellar
microstructure with almost equilibrium colonies
(Fig. 5a). The average colony size remains close to the
initial size. The lamella thickness is A = 50—600 nm.
Bright B(B2)-phase interlayers remain in the struc-
ture. The volume fraction of the B(B2) phase is 3.7%.
The additional annealing at 1100°C (HT 2), which
corresponds to the three-phase (o, + B(B2) + V)
region, in combination with the subsequent annealing
at 900°C leads to the decrease in the content of the
B(B2) phase to 3 vol % and the appearance of Y(TiAl)-
phase interlayers mainly at the boundaries of colonies
(Fig. 5b). This can be explained by the development of
the o, — B(B2) phase transformation at colony bound-
aries at 1100°C and subsequent B(B2) — 7y transforma-
tion at 900°C. As a result, mainly the lamellar structure
with an average colony size of 50 * 3.5 um is formed.
The lamella thickness is A = 70—800 nm.

Figure 5c shows the microstructure formed after
cyclic heat treatments (HT 3), which result in the for-
mation of mixed lamellar-globular structure with the
average colony/grain size d = 31 = 8 um. The lamella
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thickness in colonies is A = 0.5—4 um; the volume
fraction of globular Y(TiAl) grains is 19% and the vol-
ume fraction of B(B2) phase is 1.7%.

Figure 5d shows the microstructure formed after
hot deformation and subsequent heat treatment. The
deformation leads to the intense development of
dynamic recrystallization in the majority of the parts
of deformed blank; the subsequent heat treatment
results in slight grain growth and the formation of a
duplex microstructure that consists of y- and o,-phase
grains and a small volume (about 15%) of the lamellar
component. The average grain/colony size is d = 8 =
1 um and the volume fraction of the B(B2) phase is
1.3%. The deformation was performed at temperatures
that correspond to the (ou(o,) + B(B2) + 7y) phase
region, when the alloy contains about 10 vol % [(B2)
(Fig. 3). This determines the sufficient manufacturing
plasticity and allows us to obtain the resulting fine
duplex microstructure. It should be noted that the
used deformation treatment is significantly simpler
than the hot extrusion usually applied for TNB and
TNM alloys.

Mechanical Properties

Room-temperature tensile tests were performed for
the alloy subjected to HT 1, HT 2, HT 3, and TMT. It
can be seen that, when passing from almost com-
pletely lamellar state (HT 1) to the state characterized
by the presence of a globular component (HT 2, HT 3,
and TMT), the simultaneous increase in both plas-
ticity and strength of the alloy takes place (Fig. 6). For
the states obtained after heat treatments HT 2 and
HT 3, the increase is slight and related to some
decrease in the colony/grain size, in part the globular-
ization of the structure, the increase in the space
between lamellas, and, what is likely, a decrease in the
volume fraction of the B(B2) phase. The transition
from the lamellar and lamellar-globular structure
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Fig. 5. Microstructure (backscattered electron mode) of the Ti—45A1—-5Nb—1Mo—0.2B alloy after (a) HT 1, (b) HT 2, (c) HT 3,

and (d) TMT.

(after HT 1—HT 3) to the fine duplex structure (after
TMT) leads to a substantial increase in the plasticity
(0= 3.1%) and strength (o, = 860 MPa); this is
explained first of all by the more uniform (delocalized)
development of plastic deformation due to the refining
of the microstructure. The possible cause for the
increase in the plasticity after TMT is the fact that the
grain size (d = 8 um) is favorable for the development
of deformation twining [30].

The alloy after HT 2 and TMT was subjected to
fracture toughness, fatigue, and high-temperature
long-term strength tests. The fracture toughness at
room temperature of the sample with mainly a lamel-
lar structure was found to be higher than that in the
case of duplex structure (Table 2); this agrees with the
literature data.

The fatigue strength of the with the duplex struc-
ture was found to be higher than that of a sample sub-
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jected to HT 2. No failure of the samples with the
duplex structure was observed during tests at 107 cycles
with a maximum load of 400 MPa, whereas the sample
subjected to HT 2 passes only 1.67353 x 10° cycles at
the maximum load of 400 MPa. At a maximum load of
370 MPa, the samples subjected to HT 2 pass
107 cycles without failure.

Table 2. Results of fracture toughness (Kj.) and fatigue
(o_,) tests at room temperature for Ti—45A1-5Nb—1Mo—
0.2B alloy subjected to heat (HT 2) and thermomechani-
cal treatment (TMT)

Treatment | Kj,, MPam'/? |6_,, MPa N = 10 cycles
HT 2 25 >370
TMT 1 >400
No. 10 2016
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Fig. 6. Dependences of (a) relative elongation 3 and (b) conventional ultimate strength 6, on the colony/grain size d, which were
determined by tensile tests of Ti—45A1—5Nb—1Mo—0.2B samples subjected to the heat and thermomechanical treatments.

A long-term strength test at 600°C and a load of
550 MPa showed that the sample with a dominant
lamellar structure (after HT 2) exhibits almost no
elongation, whereas the sample with the duplex struc-
ture (after TMT) demonstrates 0.6% elongation
(Table 3). The long-term strength at 700—750°C of the
sample with the dominating lamellar structure was
found to be higher than that for the sample with the
duplex structure obtained by TMT. In the case of
lamellar structure, the elongation of samples at 700
and 750°C and under loads of 450 and 350 MPa was
0.8 and 3.6%, respectively. For all samples, no failure
was observed during tests. Thus, we can conclude that
the high density of coherent y/y and semicoherent y/o,
boundaries favors an increase in the toughness and
creep resistance, whereas the fine grains/colonies in
the duplex structure are favorable during fatigue tests.

A comparison of the mechanical properties of the
cast Ti—45AI-5Nb—1Mo—0.2B alloy subjected to
HT 2 with those of advanced cast Y(TiAl) alloys in the
heat treated state shows that the reached properties are
comparable with the properties of the Ti—43.7Al—
3.2(Nb, Cr, M0)—0.2B and Ti—43.5A1—4Nb—1Mo—
0.1B alloys (Table 1). A comparison with the Ti—

Table 3. Results of long-term strength tests for the Ti—45A1—
5Nb—1Mo—0.2B alloy subjected to heat (HT 2) and thermo-
mechanical treatment (TMT)

. HT 2* T™T*
Ttests C
P, MPa S, % P, MPa S, %
600 550 0.05 550 0.6
700 450 0.8 350 2.3
750 350 3.6 300 17.8

* No failure of samples during tests took place.
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44A1—4Nb—4Hf—-0.1Si—0.1B, Ti—44Al—-8Nb—1B,
and Ti—43Al—-6Nb—1B alloys shows that the plasticity
of the Ti—45A1-5Nb—1Mo—0.2B alloy is substan-
tially higher at equal strength parameters.

The mechanical properties, in particular the plas-
ticity and strength of the deformed Ti—45A1-5Nb—
1Mo—0.2B alloy, exceed those of the deformed Ti—
44.2A1-3(Nb, Cr, B), Ti—43Al-6Nb—1B, and Ti—
44.5A1—6.25Nb—0.8Mo—0.1B alloys (Table 1). Com-
parison with the Ti—43.5A1-4Nb—1Mo—0.1B and
Ti—45A1—-8Nb—0.2C alloys shows that the plasticity of
the Ti—45AI—-5Nb—1Mo—0.2B alloy is slightly higher
at the comparable strength parameters. Moreover,
forces applied during deformation of the Ti—45Al1—
5SNb—1Mo—0.2B alloy by single-stage compression,
the degree and forces of deformation, were found to be
substantially lower than those applied during the
deformation of the aforementioned alloys by extrusion
and forging.

CONCLUSIONS

(1) In the initial cast state, the Ti—45AI—5Nb—
1Mo—0.2B (at %) alloy is characterized by a uniform,
mainly lamellar, structure with fine colonies (d = 60 =
3 um). The following is the determined sequence of
phase regions during solidification and cooling of the
alloy ingot:

LoL+B-oB—oa+tfooa—a+y—a+P(B2)
+y—>a+o,+B(B2)+y— o, +B(B2) +Yy.

(2) The heat treatment allows us to affect the
microstructure of the cast Ti—45A1—-5Nb—1Mo—0.2B
alloy as follows: (a) to obtain mainly a lamellar or
lamellar-globular structure with interlayers and grains
of the yand B(B2) phases along boundaries of (Y + o)
colonies; (b) to vary the thickness of lamellas; and
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(c) to almost completely dissolve the B(B2) phase. The
partial globularization of the cast structure by heat
treatment allows us to slightly increase both the plas-
ticity & (from 0.5 to 0.9—1.2%) and strength at room
temperature G, (600 to 670—690 MPa).

(3) The cast Ti—45A1-5Nb—1Mo—0.2B alloy that
was subjected to three-stage annealing at temperatures
corresponding to the (o0 + 7)- and (o, + B(B2) + V)
phase region and furnace cooling after each of anneal-
ings, exhibits the following mechanical properties: at
room temperature, 6, = 670 MPa, 6 = 0.9%, K|, =

25 MPam'2, 6_, > 370 MPa for the number of cycles
N = 107; at 700°C, the long-term strength is 61783 >
450 MPa and, at 750°C, it is /g > 350 MPa.

(4) The hot single-stage compressive deformation
in an envelope at temperatures that correspond to the
(au(oy,) + B(B2) + ) phase region and subsequent two-
stage annealing at temperatures that correspond to the
(o0 + B(B2) + 7)- and (o, + B(B2) + ) phase region
leads to the formation of a fine duplex structure. This
ensures the substantial increase in both plasticity and
strength at room temperature and the retained high
creep resistance to 700°C. The achieved state exhibits
the following combination of properties at room tem-
perature: 6, = 860 MPa, 6 =3.1%, K;,= 11 MPam'/2,
G_, > 400 MPa for the number of cycles N = 107; at

700°C, the long-term strength is 01788 > 350 MPa and,
at 750°C, it is 659 > 300 MPa.
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