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Abstract: The deposited sample of X×Y×Z (40 mm×5 mm×60 mm) Ti-48Al-2Cr-2Nb alloy was fabricated by laser melting 

deposition. The microstructure, phase composition, grain orientation and fracture morphology of the deposited sample were analyzed 

by optical microscope (OM), scanning electron microscope (SEM), X-ray diffraction (XRD), transmission electron microscope 

(TEM) and electron backscattering diffraction (EBSD). The hardness distribution at different positions of the deposited sample was 

measured by Vickers hardness tester. The tensile properties of the deposited sample in Z direction were measured by tensile machine. 

The results show that the well-formed deposited sample is obtained under the optimum process parameters, and no surface cracks are 

found after penetration detection. The microstructure of the deposited sample is composed of α

2

+γ lamellar colony and a small 

amount of bulk γ phase. For as-deposited γ-TiAl alloy, the room-temperature tensile strength along the Z direction is 425 MPa and 

the elongation is 3.3%. The fracture morphology of tensile specimen is quasi-cleavage fracture. 
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TiAl alloys have high melting point (>1450 °C), low 

density (up to 4 g/cm

3

), high elastic modulus (160~180 GPa) 

and high creep strength (up to 900 °C). In recent years, TiAl 

alloys have gradually replaced titanium alloys, nickel-based 

superalloys and heat-resistant steels, and have great potential 

in aerospace and vehicle engine manufacturing

[1-3]

. 

TiAl alloys have poor plasticity and ductility at room 

temperature, so it is difficult to process them by conventional 

manufacturing process, which limits the wide application of 

TiAl alloys

[4]

. Existing titanium alloy forming methods are 

mainly near-net forming, including powder metallurgy, 

precision manufacturing and directional solidification. The 

laser coaxial powder feeding technology has obvious 

advantages in near-net forming of TiAl alloy. In addition, 

under the action of laser beam, the microstructure and 

properties of materials can be controlled effectively by 

optimizing the process parameters, and the density of the 

microstructure can reach above 98.5%

[5]

. 

At present, TiAl alloys have been prepared by laser melting 

deposition (LMD) technology, and the microstructure and 

properties of TiAl alloys have been studied. Ti-48Al-2Cr-2Nb 

alloy was prepared by Jan Schwerdtfeger et al

[6]

, and its 

microstructure was refined by adjusting the beam parameters. 

Qu et al

[7]

 investigated Ti-47Al-2.5V-1Cr alloy thin-walled 

part with oriented columnar grains, and the samples were 

prepared by LMD technique, and the microstructure and 

tensile properties at room temperature were analyzed. Zhang 

et al

[8]

 ’s testings show that the substrate has significant effect 

on the microstructure of the deposited layer, and ultrafine 

lamellar microstructure is obtained by controlled post-heat 

treatment, but the microstructure difference and grain 

orientation of each part of the thin-walled part have not been 

analyzed and explained.  

In this paper, Ti-48Al-2Cr-2Nb alloy powder was studied. 

The microstructure and properties of deposited sample were 

analyzed, which provides the experimental foundation for 

aerospace printing high temperature blades. 

1  Experiment 

The experiment used powder material was Ti-48Al-2Cr-2Nb 
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alloy (particle size 53~150 um), and chemical composition 

(wt%) of Ti-48Al-2Cr-2Nb alloy powder was Al 32.5, Cr 2.64, 

Nb 4.62, O 0.06, N 0.005, and balance Ti. The alloy powder 

was dried at 150 °C for 1.5 h. An adopted substrate was TC4 

titanium alloy, the size of which is 100 mm×100 mm×20 mm. 

A grinder and acetone were used to remove impurities such as 

oxide film and oil on the substrate surface. 

LDM8060 laser equipment produced by RAYCHAM was 

used in the experiment. The laser type was LDF4000-100 

semiconductor laser (rated output power 4 kW, transmission 

fiber core diameter 1000 µm). The technological parameters in 

the experiment process are as follows: laser power 1400 W, 

scanning speed 9 mm/s, powder feeding speed 5.67 g/min, 

laser spot diameter 3 mm, defocus amount 0 mm, powder 

feeding gas (Ar) flow rate 8 L/min, substrate preheating 

temperature 350 °C, its protective gas of sealed working 

chamber was 99.99% Ar, and the water and oxygen content in 

sealed working chamber ≤50 µg/g. 

The deposited sample was cut into 10 mm× 5 mm× 60 mm 

blocks for microstructure observation. Then they were ground 

with sandpaper (800#, 1000#, 1500#, 2000# in order of size), 

and polished with ET-500 environment-friendly diamond 

spray polishing agent (particle size: 2.5, 1.5, 0.5 µm, 

respectively. The corrosion solution was Kroll solution (HF: 

HNO

3

:H

2

O=2:3:10, volume ratio), and the corrosion time was 

about 15 s. After corrosion, the sample was washed with 

alcohol and dried by air dryer. The microstructure of the 

deposited layer was analyzed by ZX-10 Zeiss microscope 

(OM) and Hitachi S-3400N and SU8010N field emission 

scanning electron microscope (SEM). The phase composition 

of the deposited layer was analyzed by X-7000 X-ray 

diffraction analyzer. Microstructure morphology was observed 

by JEM-2100 transmission electron microscope. The phase 

distribution and grain orientation in the microstructure were 

analyzed by EBSD with Gemini SEM300 field emission 

scanning electron microscope. The dimension of the tensile 

specimen is shown in Fig.1. The processed tensile part was 

 

 

 

 

 

 

 

 

 

Fig.1  Drawing of tensile specimen size 

 

put into a SLFL-100KN tensile machine for room temperature 

tensile testing at a loading rate of 0.3 mm/min. The fracture 

morphology of tensile specimen was observed by scanning 

electron microscope (SEM). The distribution of Vickers 

hardness (load 1.96 N, duration 10 s) was measured by 

Vickers hardness tester. 

2  Results and Discussion 

2.1  Appearance of the deposited sample 

The defect-free deposited sample with size of 40 mm×5 mm 

×60 mm was fabricated. The specific printing process is that 

each layer is 0.4 mm thick and 150 layers are printed. During 

the printing process, for every 10 layers printed, there is a 

waiting time of 10 s. In order to prevent the deposited sample 

from collapsing due to excessive energy input, the process is 

repeated until the printing is finished. No surface cracks was 

found on the surface of the formed deposited sample through 

penetration testing analysis, as shown in Fig.2. 

2.2  Microstructure of deposited sample 

The deposited sample was prepared by using the optimum 

process parameters. The optical microstructure of the deposited 

sample is shown in Fig.3. As can be seen from Fig.3, the 

macro-structure of the deposited sample is composed of single 

channel multi-layer, and the obvious layer-band structure 

appears between layers. In addition, coarser columnar crystals 

can penetrate multiple deposited layers. This is because the 

lower surface is partially remelted when the upper layer is 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  Appearance morphologies and non-destructive testing results of deposited sample: (a) X-Z face, (b) Y-Z face, and (c) non-destructive 

testing face 

a 

10 mm 

b 

c 

10 

8
 

2
 

8
 

1.5 

34 



                            Liu Zhanqi et al. / Rare Metal Materials and Engineering, 2020, 49(6): 1925-1930                          1927 

 

deposited, and the opposite heat dissipation rate of the 

deposition direction is the fastest in the subsequent cooling 

process, so that the molten pool metal nucleates and grows as 

epitaxial crystals, resulting in coarse columnar crystals growing 

along the deposited direction and traversing several deposited 

layers

[9,10]

.  

In order to further analyze the microstructure, the three areas 

of A, B and C in Fig.3a, 3b and 3c are enlarged respectively, and 

the enlarged microstructure corresponds to Fig. 3d, 3e and 3f, 

respectively. From the Fig.3, we can see that its microstructure 

is composed of lamellar clusters. 

A small number of microcracks can be observed in the 

microstructure of Fig.3d, and the cracks are mainly 

concentrated at the top of the deposited sample. However, no 

microcracks are found in Fig.3e and 3f. In Fig.3d, the main 

cause of micro-crack formation is that there is no heat input at 

the end of the deposited sample, resulting in too fast cooling 

rate and excessive thermal stress, which eventually leads to the 

formation of microcracks at the top of the deposited sample. 

In addition, the microstructure was further enlarged by SEM 

and TEM analysis as shown in Fig.4. And the structure is 

clearer than that of the optical microstructure. From the results 

of the X-ray diffraction analysis of Fig.5 and the EBSD phase 

analysis of Fig.6, it is determined that the lamellar structure in 

Fig.4a (SEM) and 4b (TEM) morphology is composed of 

γ-TiAl+α

2

-Ti

3

Al phases. As can be seen from Fig.5, the X-ray 

diffraction peak on the (401) plane near the substrate is higher 

than that on the intermediate layer and the top layer. The results 

show that the content of α

2

 phase near the substrate is more than 

that in other regions. In the vicinity of the substrate, because of 

the dilution effect of TC4 base metal on γ-TiAl alloy, the 

content of Ti element in the deposited sample relatively 

increases, which leads to the relative decrease of Al element 

content. Therefore, it is inferred that the increase of α

2

 phase 

near the substrate is caused by the dilution effect of TC4 

substrate.  

As shown in Fig.6a, the phase content of γ-TiAl and α

2

-Ti

3

Al 

is 96.7% and 3.3%, respectively. Fig.6b is a reverse pole 

diagram representing the relationship between color and crystal 

orientation in the EBSD picture

[11,12]

. The orientation of the pink 

block γ phase in Fig.6c is substantially the same as that of the 

lamellar γ phase. As can be seen from Fig.6c and 6d, in lamellar 

microstructure, lamellar α

2

 phases generally precipitate along 

lamellar γ subgrain boundaries, both of which maintain 

Blackburn coherence

[13,14]

. 

2.3  Hardness of deposited sample 

A schematic diagram of the Vickers hardness testing points 

and results of the deposited sample are shown in Fig.7 and 

Fig.8, respectively. As can be seen from Fig.8a, the testing 

method is to take the first deposited layer as the testing zero 

point, test one point every 0.5 mm from bottom to top, test 

three hardness values at each point, and take the average value. 

As can be seen from Fig.8b, the testing method is to take the 

center as the testing zero point, have the center to both sides, 

test one point every 0.5 mm, test three hardness values at each 

point, and take the average value. Detailed measurements are 

shown in Fig.8.  

The distribution range of Vickers hardness is 3300~4500 

MPa. During the deposition of the first layer, due to the 

dilution effect of TC4 substrate on γ-TiAl alloy, the content of 

Ti element in the deposited layer relatively increases, which 

leads to the relative decrease of Al element content, so the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  Optical microstructures of deposited sample of macro structure of the top region (a, d); the middle region (b,e); the bottom region (c, f) 
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Fig.4  SEM image (a) and TEM image (b) of microstructure in the middle region of the deposited layer 

 

content of α

2

 phase in the deposited layer near the substrate is 

also higher, which is caused by the dilution effect of TC4 

substrate on γ-TiAl alloy. In addition, because the cooling rate 

is faster in the deposition state, the alloying elements cannot 

diffuse and form martensite structure in time, so the hardness 

value increases with the increase of α

2

 phase content

[15]

. The 

hardness of the deposited layer is about 3550 MPa because the 

dilution effect of the substrate on the deposited layer disappears 

when the deposited layers are more than three layers. 

2.4  Properties of deposited sample 

The related research on the crack problem of TiAl alloy 

shows that the main causes of material cracking are high 

temperature gradient and thermal stress. The solution to the 

crack problem is mainly to preheat the substrate, which can 

reduce the temperature gradient and thermal stress. Zhang et al

[9]

 

have tested mechanical properties of Ti-47Al-2Cr-2Nb-0.5W- 

0.15B materials. At room temperature, the tensile strength in 

XY and Z direction are 810 and 575 MPa, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  X-ray diffraction patterns of deposited layer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6  EBSD characterization of Ti-48Al-2Cr-2Nb alloy specimen formed by laser meting deposition: (a) EBSD phase diagram, (b, c) EBSD 

orientation map, and (d) α

2

{0001} polar diagram 
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Fig.7  Diagram of Vickers hardness indentation of deposited sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8  Microhardness distribution in cross section (X-Z plane): (a) along 

the direction of deposition (Z direction) and (b) along cross 

section X direction of top, middle and bottom 

 

Biamino et al

[16]

 have tested the mechanical properties of 

Ti-48Al-2Cr-2Nb materials. At room temperature, the tensile 

strength in Z direction is about 415 MPa. The room- 

temperature tensile strength of cast Ti-48Al-2Cr-2Nb alloy is 

413 MPa. The elongation is 2.3%. 

The measured results of mechanical properties of this 

experiment show that the tensile strength is 425 MPa and the 

elongation is 3.3%. From the results, it can be seen that the 

mechanical properties of Ti-48Al-2Cr-2Nb alloy fabricated by 

laser melting deposition are better than those of cast 

Ti-48Al-2Cr-2Nb alloy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9  Morphologies of the fracture surface 

 

The fracture morphology of tensile specimens is shown in 

Fig.9. From the figure, it can be seen that the fracture not only 

has a small cleavage step, but also has a certain plastic 

deformation, so it belongs to quasi-cleavage fracture. 

3  Conclusions 

1) Under the conditions of laser power 1400 W, scanning 

speed 9 mm/s, powder feeding speed 5.67 g/min and substrate 

preheating temperature 350 °C, 40 mm×5 mm×60 mm 

deposited sample are printed without surface cracks.  

2) The microstructure of the deposited sample is composed 

of α

2

+γ lamellar colony and a small amount of bulk γ phase. 

The content of γ and α

2

 phase is 96.7% and 3.3%, respectively.  

3) The average tensile strength in the deposited direction (Z 

direction) is 425 MPa, and the elongation is 3.3%. The tensile 

fracture morphology belongs to quasi-cleavage fracture. The 

hardness value near the substrate is about 4500 MPa, and the 

hardness value in other regions is about 3550 MPa. 
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