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1 Introduction
Titanium alloy is an alloy consisting of tita-

nium as a base and other added elements. Tita-
nium has two types of homogeneous and hetero-
geneous crystals: α-Ti with a close-packed hex-
agonal structure at temperatures below 882°C 

and β-Ti with a body-centered cubic structure 
at temperatures above 882°C. Rapid solidifica-
tion makes it possible to increase the solubility 
of metals in the liquid state, change the den-
sity of the material, make different parts of the 
material more compact, change the proportions 
of various elements in the metal and thereby 

Study of the microstructure and mechanical 
properties of a TiCu-based alloy produced  

by vacuum casting with rapid cooling
Xianzhang Feng1, Haihang Wang1, Xinfang Zhang2,  

Junwei Cheng2,Tao Hou3

1School of Aeronautical Engineering, Zhengzhou University of Aeronautics, 
Zhengzhou, Henan, P.R. China, 450046 

2School of Materials Science and Engineering, Zhengzhou University of Aeronautics, 
Zhengzhou, Henan, P.R. China, 450046 

3Hebi City Special Equipment Inspection Institute, Henan, P.R. China, 458030

Received January 25, 2024

The microstructure of the TiCu alloy obtained by solidification by vacuum casting into a cop-
per mold was studied for observation and imaging of tissues. Research was carried out using 
optical microscopy, scanning electron microscopy and transmission electron microscopy. Studies 
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microcracks caused by excessive local stress during deformation. Research results show that it 
can effectively improve the microstructure and mechanical properties of alloys based on TiCu.
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Дослідження мікроструктури та механічних властивостей сплаву на основі 
TiCu, отриманого методом вакуумного лиття при швидкому охолодженні.  
Xianzhang Feng, Haihang Wang, Xinfang Zhang, Junwei Cheng,Tao Hou

Досліджено мікроструктуру сплаву TiCu отриманого методом затвердіння шляхом 
вакуумного лиття в мідну форму для спостереження та отримання зображень тканин. 
Дослідження проведені за допомогою оптичної мікроскопії, скануючої електронної мікроскопії 
та електронної мікроскопії, що просвічує. Дослідження показали, що при швидкому 
охолодженні в сплавах на основі TiCu відбувається утворення мартенситних структур, які 
впроваджуються в γ-TiCu та TiCu. Вони ефективно протидіють локальній зсувній напрузі, 
що призводить до обертальної дифузії, збільшення смуг зсуву. Це перешкоджає поширенню 
мікротріщин, спричинених надмірною локальною напругою під час деформації. Результати 
досліджень показують, що це може ефективно покращити мікроструктуру та механічні 
властивості. сплавів з урахуванням TiCu.
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change the properties of the material to meet 
the requirements of a specific purpose.[1-3]

Due to the higher solidification speed com-
pared to conventional casting, the resulting so-
lidification crystals are smaller and the grain 
distribution is more uniform, which to some 
extent reduces the mixing of impurities and 
improves the quality of the material, thereby 
giving it high strength. The titanium alloy ob-
tained after processing has excellent mechani-
cal properties, so titanium alloys are used in 
many fields.[4-9]

Using rapid solidification/powder metallurgy 
technology, McDonnell Douglas in the United 
States has successfully developed a high den-
sity, high-purity titanium alloy with strength 
equivalent to that of titanium alloys currently 
used at room temperature at 760 °C[10-12].

This article mainly focuses on the obser-
vation of the microstructure of Ti50Cu50 alloy 
under rapid solidification and the study of its 
mechanical properties. The use of copper mold 
suction casting method to obtain Ti50Cu50 alloy 
specimens and bars, and the study of their mi-
crostructure and mechanical properties, have 
a good reference value for future research of 
amorphous nanomaterials [13-19].

2. Experimental materials  
and methods

2.1 Experimental equipment
In order to investigate whether the as cast 

samples were subjected to energy dispersive 
X-ray after compression testing, a Philips 
CM200 transmission electron microscope was 
used for analysis. The TEM samples were 
prepared by conventional methods of slicing 
and grinding. At a heating rate of 20  K/m, a 
Lindeis DTA 1600 differential thermal ana-
lyzer was used in this experiment to deter-
mine the phase composition and phase tran-
sition rate during the heating process.

2.2 Material preparation
Vacuum suction casting is used to manu-

facture large samples. The setting of the cop-
per mold vacuum suction casting equipment 
is shown in Figure 1. The casting is placed on 
a copper crucible with a small fully connected 
water-cooled copper mold. It is empty inside 
and filled with high concentration argon gas 
multiple times. The casting is melted by an 
arc in an argon atmosphere of 0.08 MPa and 
maintains a certain degree of overheating. The 
suction valve is opened and connected to the 

low-voltage cabinet, while turning off the arc 
power supply, and suck the melted ingot into 
the water-cooled copper mold to obtain the re-
quired sample.

3. Results and discussion

3.1 Material microstructure analysis
The Ti50Cu50 specimen rod belongs to a 

special component in the Ti-Cu binary alloy 
system. The composite Ti-Cu (48-52 at% Cu) 
uniformly melts at 1248 K, and is slightly en-
riched in Ti (50.7 at %). The temperature drops 
to room temperature and remains stable. But 
the ratio of components has been reduced to 
near Ti50Cu50. Due to the chemical similarity 
between titanium and zirconium, the martens-
itic transformation of the Ti50Cu50 alloy in the 
cast state is of engineering importance.

The measured full half width limit (FHWM) 
of X-ray diffraction peaks is quite broad, ap-
proximately 2θ = 4o in Figure 2 (a). The optical 
micrograph in Figure 2(b) shows clear linear 
contrast and a network typical of a martensitic 
microstructure.

Therefore, the broad diffraction lines in 
Figure 2(a) can be considered to be due to the 
internal deformation caused by the local mar-
tensitic transformation of the TiCu phase dur-
ing the solidification process.

3.2 DTA Results 
In Figure 2, due to the limited resolution of 

the X-ray diffraction pattern, some phases can-
not be detected due to their low content. There-
fore, DTA was chosen to detect the phase com-

Fig 1. Copper mold vacuum casting equipment
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position and phase transitions during the heat-
ing process of the cast Ti50Cu50 alloy (Fig. 3). 

According to the Ti-Cu binary phase dia-
gram, the main peak corresponds to γ-TiCu 
melt, which is consistent with the XRD results. 
At the lower temperature, the corresponding 
mother phase (B2) transforms into β-Ti(Cu). 
The smaller peak corresponds to the endother-
mic process of transition of the copper Ti (Cu) 
solid solution into the β-Ti (Cu) solid solution. 
Through phase separation, B2 may transform 
into a liquid metal β-Ti solid solution; it trans-
forms into B19 martensite during rapid cooling.    
Figure 3 shows that upon rapid solidification, 
the Ti50Cu50 rod with a diameter of 2 mm con-
sists of the micrometer-scale B19 martensitic 
phase γ-TiCu.

3.3 Mechanical behavior analysis
The stress-strain curve of Ti-Cu alloy cast 

rods under compression at room temperature 
is shown in Figure 4. In the inset, the SEM sec-
ondary electron microscopy image of the frac-
tured sample surface is shown.

Fig. 4 shows the secondary electron micros-
copy (SEM) image of the fractured sample sur-
face after compression at room temperature. 
The yield stress σy and yield strain ey of as cast 
bulk Ti50Cu50 alloy was measured as 421  MPa 
and 1.91%, respectively. Ultimate compressive 
stress max and plastic strain ep were 1705 MPa, 
and 18.04%, respectively. During compression, 
the sample first yields and then fractures af-
ter undergoing significant plastic deformation. 
It can be seen that the sample exhibits a high 
performance of 18.04%.

The secondary electron microscopy image 
obtained from the surface of the sample un-
der the condition of 15% plastic deformation is 
shown in Figure 5.

Fig 2.  Metallographic structure of Ti-Cu alloy cast rod

Fig 3.  DTA curve of TiCu alloy cast rod

Fig 4. Stress-strain curve and electron micro
scopic photograph of the surface of a fractured 
specimen
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The local sample area marked as circle 1 in 
Figure 5 (a) is parallel to the maximum shear 
stress surface (τmax), which is approximately 
45° in the direction of pressure; while another 
local sample area labeled as circle 2 in 5 (a) is 
parallel to the direction of pressure. The de-
tailed secondary electron microscopy image ob-
tained from Zone 1 in Figure 5 (a) shows that a 
large number of shear bands exhibit plastic flow 
in Zone 1. On the other hand, the detailed SEM 
micrographs obtained from Zone 1 demonstrate 
typical brittle fracture surfaces and the growth 
of microcracks, which can often be seen from 
the metallographic examination. The propaga-
tion of microcracks is blocked by a cast state 
network of martensite without obvious plastic 
flow. Therefore, it can be considered that the 
propagation of shear bands in Ti50Cu50 alloy 
may be blocked by the martensitic zone in the 
as cast microstructure, and the shear position 
can be hindered by the growth of microcracks. 
The SEM image in Figure 5 (b) clearly indicates 
that the formation of serrated microcracks is 
achieved through continuous rotation of shear 
stress throughout the entire sample. Therefore, 
it can be considered that narrow-spacing shear 
bands with different angles propagating to the 
compression direction can prevent the propaga-
tion of microcracks.

The plasticity of the Ti50Cu50 alloy can be 
controlled by the γ-TiCu phase. The strengthen-
ing of martensitic zone during the internal so-
lidification process of TiCu matrix is observed. 
This martensitic zone plays an important role 
in changing the direction of local shear stress, 
and thus forms shear bands with different an-
gles towards the direction of compressive load. 
It is believed that due to changes in local stress, 
jagged microcracks are formed, which serve as 

a barrier that prevents their propagation in the 
sample. This means that when the sample is 
subjected to rotational shear stress, the forma-
tion of microcracks parallel to the compressive 
force can promote the macroscopic plasticity of 
the material.

4. Conclusion
This article is devoted to Ti50Cu50 as a re-

search object; and TiCu alloy cast rod speci-
mens were obtained by rapid solidification and 
copper mold vacuum suction casting method. 
Research has shown that in the Ti50Cu50 alloy 
produced as cast rods, martensite was formed 
during rapid cooling, which was embedded as 
the γ-phase in the TiCu matrix. Local shear 
stress leads to rotational diffusion, interaction 
and strengthening of shear bands, resulting in 
good mechanical properties.
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