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Abstract: The paper covers the study of β-solidifying TiAl-based alloys, which are extremely promising materials 

for the aviation industry with an operating temperature of up to 850 °C, have high specific strength characteristics. 

The authors studied the influence of tensile deformation temperature in the range o f T=25–1000 °C on  

the mechanical properties, phase composition and crack formation in the cast β-solidifying TNM-B1 alloy. It is 

found that the cast TNM-B1 alloy is characterized by a complex microstructure, including (α 2+γ) lamellar colonies 

and interlayers of β(B2)+ω phases, the evolution of which at elevated deformation temperatures determines  

the material behaviour. It is shown that the ω-phase dissolution and the precipitation of dispersed secondary β-phase 

particles at T>950 °C have a significant influence on the mechanical characteristics. A pronounced temperature de-

pendence of strength and ductility is identified: the maximum strength is observed at 800  °C, while the greatest rela-

tive elongation in the studied temperature range is achieved at 1000 °C. The transition from brittle to viscous fracture 

occurs in the temperature range of about 950 °C. Moreover, a dependence of the crack propagation mechanism on  

the orientation of lamellar colonies relative to the deformation axis is revealed: with an increase in temperature,  

the differences are leveled, and at 1000 °C, complete suppression of crack formation with the formation of pores 

along the boundaries of colonies and clusters of secondary β-phase particles is observed. The obtained results dem-

onstrate the important role of microstructural transformations in the formation of deformation behaviour and me-

chanical properties of the TNM-B1 alloy based on gamma-titanium aluminide, which is of practical importance for 

the development of technologies for its thermomechanical processing. 
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INTRODUCTION 

Intermetallic alloys based on gamma-titanium alu-

minide (γ-TiAl) are considered as promising materials 

with an operating temperature of up to 850 °C for use in 

the aerospace and energy industries, where a combina-

tion of heat resistance, low density and oxidation resis-

tance is required [1–3]. Among the γ-TiAl-based alloys, 

β-solidifying alloys, a typical representative of which is 

TNM-B1, are of particular interest [4]. The fundamental 

limitation of the application of γ-TiAl-based intermetal-

lic alloys is their tendency to brittle fracture up to 

T=1000 °C [5–7], which is caused by the nature of  

the γ(TiAl-L10), α2(Ti3Al-D019) and β(B2) phases present 

in them, characterised by a limited number of active 

slip/twinning systems, reduced diffusion, difficult trans- 

mission of deformation across boundaries and, accord-

ingly, pronounced deformation localisation [8; 9]. As  

the temperature increases above 650–850 °C, the number 

of slip/twinning systems increases, diffusion accelerates 

and dislocation climb is activated [10; 11]. The transition 

from the brittle to the ductile state also leads to a change 

in the type of fracture from intercrystallite to transcrys-

talline in the transition state and dimple in the case of 

ductile fracture [8]. The orientation of the plates relative 

to the deformation axis has a significant influence on  

the development of fracture. It was shown earlier [9; 12] 

that the orientation of lamellar colonies relative to  

the external load Φ largely determines their mechanical 

behaviour. Thus, colonies with an orientation of 15<Φ<75° 

relative to the loading axis are deformed first, in contrast 
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to colonies with Φ<15° and Φ>75°, in which signifi-

cantly higher stresses are required to activate slip/twin-

ning systems [12]. This feature should directly influence 

the propagation of cracks in colonies with different ori-

entations relative to the deformation axis in alloys with  

a lamellar type of structure. Meanwhile, the effect of  

the orientation of lamellar colonies on the fracture de-

velopment in the temperature range of the brittle-ductile 

transition (BDT) has not been considered in detail in  

the literature. It is worth noting that in addition to  

the above phases, TNM alloys may also contain 

ω(Ti4Nb3Al-B82)-phase particles, which are formed in 

the β-phase interlayers during slow cooling or holding 

below T=850 °C [13]. During subsequent heating, these 

particles dissolve, the proportion of the β-phase in-

creases, and the γ-phase particles dissolve/spheroidise, 

which can significantly affect the fracturing behaviour in 

the temperature range corresponding to the brittle-ductile 

transition. However, the assessment of this effect has not 

been given due attention in the literature [1–3].  

The aim of the work is to study the influence of  

the deformation temperature of cast β-solidifying TNM-

B1 alloy with a lamellar structure on its mechanical 

properties, phase composition, and fracturing behaviour 

in colonies with different orientations relative to the de-

formation axis. 

 

METHODS 

The starting material was the TNM-B1 intermetallic al-

loy based on gamma-titanium aluminide with the nominal 

composition Ti–43.5Al–4Nb–1Mo–0.1B. An ingot with  

a diameter of 18 mm and a length of 90 mm was produced 

by die-casting. The chemical composition of the alloy ingot 

is presented in Table 1. 

After mechanical grinding, the cast alloy samples 

for testing mechanical properties were additionally sub-

jected to electrolytic polishing. An electrolyte of 

95 % C₂H₅OH + 5 % HCl was used; the electrolytic pol-

ishing temperature was −35 °C, and the current density 

was 0.1 A/m
2
. 

Tensile tests were carried out to determine the mechani-

cal properties. An Instron 5882 universal electromechanical 

testing machine (USA) equipped with a furnace with  

a maximum heating temperature of 1200 °C was used.  

The tests were carried out in the temperature range from 25 

to 1000 °C. The deformation rate was 0.96 mm/min;  

the initial deformation rate was 10
−3

 s
−1

. Flat samples with  

a length of the working part of 16 mm and a cross section 

of 1.5×3 mm were used. Only samples with visually no 

pores on the surface were selected for tensile testing.  

The microstructure was analysed using a FEI Quanta 

600 scanning electron microscope (USA) in the electron 

backscatter diffraction and secondary backscattered elec-

tron mode at an accelerating voltage of 30 kV. The fine 

structure of the alloy was studied using a JEOL JEM-2100 

transmission electron microscope (Japan) at an accelerating 

voltage of 200 kV. For the research, foils with Ø3×0.1 mm 

were produced, which were subjected to electrolytic thin-

ning on a TenuPol-5 device (Denmark), using electrolyte 

A2 from Struers (Denmark), the temperature was −32 °C, 

the voltage was 27 V. 

 

RESULTS 

Initial microstructure 

During the SEM studies in the backscattered electron 

mode, images of the cast Ti–43.5Al–4.0Nb–1.0Mo–0.1B 

(TNM-B1) alloy microstructure were obtained; the higher 

the atomic number of the elements that make up the phases, 

the greater the image contrast (Fig. 1). It is seen that it is 

mainly represented by (α2+γ) lamellar colonies, the propor-

tion of which is 85 %, and their average size is 30 μm 

(Fig. 1 a). Analysis of the fine structure allowed identifying 

the average interlamellar distance equal to 120 nm 

(Fig. 1 b). Dark γ-phase particles and light layers of a mix-

ture of β(B2)- and ω-phases were located along the bounda-

ries of the colonies, which is confirmed by decoding  

the electron diffraction patterns from the areas of the corre-

sponding particles (Fig. 1 b, c). The total volume fraction of 

β(B2)+ω-phases is 10 %, γ-phase – 5 %, the average parti-

cle size is 2 and 4 μm, respectively (Fig. 1 a, b).  

The whisker-shaped boride particles are mainly located 

along the colony boundaries and have an average length of 

about 15 μm with a diameter of 0.2 μm and a volume frac-

tion of less than 0.1 % (Fig. 1 a). It is worth noting  

the presence of shrinkage pores in the alloy with a size  

from 1–10 to 50–100 μm with a volume fraction of 9 % and 

dark zones indicating the presence of liquation with a lower 

content of hard-melting elements (Nb, Mo) located mainly 

in the area of casting pores (Fig. 1 a). 

Mechanical properties 

The results of mechanical tensile tests in the tempera-

ture range of 25–1000 °C with an initial deformation rate of 

  =10
−3

 s
−1

 are shown in Figs. 2, 3. It is evident that  

at T=25 °C, the cast alloy is destroyed in the elastic re-

gion. As the temperature increases to 700–800 °C, there 

is an increase in strength and some increase in ductility 

to δ=0.4 %. At T=900 °C, the strength decreases signifi-

cantly, while the relative elongation reaches only 0.6 %. 

 

 

 
Table 1. Chemical composition of TNM-B1 alloy, at. % 

Таблица 1. Химический состав сплава TNM-B1, ат. % 

 

 

Ti Al Nb Mo B 

51.5 43.6 3.6 1.2 0.1 
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Fig. 1. Microstructure of the TNM-B1 alloy in the as-cast state: overview image and insert with high magnification (a),  
boundary of lamellar colonies (b), mixture of β(B2)+ω-phases (c).  

a – SEM; b, c – TEM with inserts of electron diffraction patterns of the corresponding phases.  
Arrows indicate the corresponding phases and structural elements 

Рис. 1. Микроструктура сплава TNM-B1 в литом состоянии: обзорный снимок и вставка с большим увеличением (a),  
граница пластинчатых колоний (b), смесь β(B2)+ω-фаз (c).  

a – СЭМ; b, c – ПЭМ со вставками электронограмм соответствующих фаз.  
Стрелками обозначены соответствующие фазы и структурные элементы 

 
 
 

 
 

Fig. 2. Stress-strain curves obtained during tensile testing of TNM-B1 alloy  

in the temperature range of 25–1000 °C (  =10−3 s−1) 

Рис. 2. Кривые «напряжение – деформация», полученные при испытании на растяжение  

сплава TNM-B1 в интервале температур 25–1000 °C (  =10−3 c−1) 
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