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Abstract
Tungsten alloy with addition of rhenium and tantalum was prepared by laser sintering. 
Microstructure and properties of the samples were tested by optical microscope, X-ray 
diffractometer and microhardness tester. Dense tungsten alloy block materials were prepared 
by adjusting laser beam power and laser spot scanning speed. The oxidation of powder can 
be avoided by desorption and deoxygenation pretreatment and inert gas protection. Static 
recrystallization occurred in the laser sintering process. In the core of the sample, equiaxed 
grains significantly larger than the powder particles were formed. In the edge of the sample, 
where the temperature was lower than the core due to heat dissipation, small and immature 
equiaxed grains whose size was close to the particle size of the powder were formed. The 
addition of tantalum and rhenium formed a solid solution in tungsten. Because of the effect of 
solid solution atoms to the lattice, with the increase of the addition of tantalum and rhenium, 
the density of samples decreased, while the microhardness increased accordingly.
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mented carbide, alloy of precision die and wear-re-
sistant parts, super-thin and super-large tungsten 
sheet, etc. [8,9]. Tungsten, as a traditional lighting 
material, has a weakness that its seismic perfor-
mance is poor, so it can not meet the needs of use 
in harsh vibration environment. Therefore, other 
elements are usually added to tungsten to improve 
its toughness. Tungsten, tantalum and rhenium are 
all high melting point metals. Among all metals, 
tungsten has the highest melting point (3410 °C), 
followed by rhenium (3180 °C and tantalum (2995 
°C). Ta and Re have moderate hardness, ductility 
and good mechanical properties [10]. In this paper, 

Introduction
Tungsten and its alloys are widely used in aero-

space, nuclear power, ships, automobiles, elec-
tronics, electrical, chemical and many other fields 

[1-4]. Tungsten belongs to rare metals, and the 
content of tungsten on the earth is only 0.001%. 
Therefore, how to use tungsten with high quality 
has become the focus of new technology research-
es [5-7]. At present, the research direction of devel-
oping high-grade tungsten products with high tech-
nology content and high added value includes deep 
cemented carbide manufacturing, high precision 
and high performance functionally gradient ce-
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tungsten-based alloys are prepared by adding a 
small amount of rhenium and tantalum into tung-
sten matrix, which can improve the ductility of ma-
terials without significantly reducing their melting 
point, thus forming alloys with high melting point 
and good ductility. Because of the high melting 
point of tungsten-based alloys, it is impossible to 
produce tungsten-based alloys by traditional cast-
ing methods. At present, the production process of 
tungsten products has roughly gone through three 
processes: Vertical melting, thermal deformation 
and mechanical cutting to produce final products. 
Vertical melting sintering includes mixing, hon-
eying, pressure forming, catalytic degreasing or 
solvent degreasing, sintering and so on. Gener-
ally speaking, the current production process of 
tungsten products mainly has the following prob-
lems: Long process, post-treatment of pollutants, 
difficult recycling of cutting materials, and difficult 
preparation of products with complex shape. In 
this context, tungsten-based alloy bulk materials 
were prepared by laser sintering, which provided 
theoretical and experimental support for 3D print-
ing technology of tungsten products. The so-called 
laser sintering is the use of ultra-high energy den-
sity laser beam (104-105W/cm2) as a heat source to 
irradiate the material surface, so that the material 
melts, diffuses and solidifies rapidly, thus forming a 
material with special properties [11-15]. Compared 
with vertical melting sintering, laser technology 
has the following advantages: Short cycle, pollu-
tion-free, and can prepare complex products. How-
ever, one of the key problems in the preparation of 
metal materials by laser sintering is the oxidation 
of powders and the density of sintered materials. 
This paper will focus on these technical difficulties.

Experimental Procedure
The tungsten powder (average particle size ap-

proximately 3 μm), tantalum powder (average par-
ticle size approximately 15 μm) and tantalum pow-
der (average particle size approximately 15 μm) 
were used as ingredients according to the mass 
ratio in Table 1. The prepared raw materials were 

placed in a ball mill with a volume of 2 L. The ball 
mill was lined with stainless steel, and anhydrous 
ethanol was used as a process control agent. The 
amount of the material was 25% of the total mass 
of the powder. After ball milling for 10 h, the mixed 
powder was cleaned 3 times using anhydrous 
ethanol, put into a centrifuge for separation and 
then put into a vacuum drying box for drying and 
desorption. The drying box was set to 120 °C and 
the drying time was 6 h. The dried mixed powder 
was stored in a drying bottle for backup. The mixed 
powder was put into a laser powder delivery de-
vice and sintered using coaxial powder method un-
der argon protection. The laser head has a square 
spot of 4 × 4 mm2, and the laser scanning speed is 
5 mm/s. The sintering power of the laser was set 
at 1.6~1.8 kW. The laser sintered sample was pro-
cessed into a square specimen of uniform shape for 
subsequent characterization test. The morphology 
of the powder was characterized by Noval 400 scan-
ning electron microscope (SEM), under 20 kV, with 
a working distance of 20 mm and a tilt angle of 70°. 
Metallographic observation was performed on the 
sample. The ratio of metallogenic corrosion fluids 
was: distilled water 40g, potassium ferricyanide 8g, 
sodium hydroxide 8g, and corrosion time was 30s. 
The XRD analysis was conducted using a Rigaku D/
MAX-2500V diffractometer with Cu Kα radiation λ = 
1.5406 Å operated at 40 kV. The hardness test was 
conducted with an HRD-150 tester with the load of 
200g and holding time 10s.

Table 1: Ratio of tungsten, rhenium and tantalum in the 
powder.

Samples\Mass (%) W Re Ta
1 96 3 1
2 93 6 1
3 90 9 1 Figure 1: Scanning electron microscopic photograph.
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the straight grain boundary was close to equiaxed 
grains. Most of the crystal boundaries were smooth 
and clear, indicating that the alloy formed by laser 
sintering had good crystallinity and tightness. In 
Figure 2a, Figure 2b and Figure 2c, different tex-
tures of grains can be found. For example, in Figure 
2a and Figure 2c, black spots can be found inside 
the grains. In Figure 2b, there was a significant dif-
ference in color depth due to the different orienta-
tion distribution of the grains. This was mainly due 
to the different degree of corrosion of different ori-
entation grains during the corrosion process. This 
shows that the orientation distribution of grains 
was random and the microstructure formed was 
homogeneous. From Figure 2b it can be seen that 
there were cracks in the grain boundaries. There 
are two possible reasons for this kind of cracks: 
One is that there was a rapid thermal contraction 
during the laser sintering process that caused the 
grain boundary in the area to be pulled apart, and 
the other is that the grain boundary bond strength 
decreased due to the appearance of oxide impuri-
ties. This problem needs to be improved in subse-
quent experiments. In Figure 2d, in the edge area 

Results and Discussion
Morphological characterization of powders

The powder of specimen 1 after ball milling 
was observed by SEM. The morphology and size 
of the powder were shown in Figure 1. It can be 
seen from the figure that tungsten powder parti-
cles, which accounted for the absolute majority of 
mass and volume, had an isoaxial shape and a uni-
form particle size distribution. The vast majority of 
particle sizes were concentrated at 2~4 μm and the 
maximum particle size was about 5 μm. The initial 
particle size of rhenium and tantalum particles was 
about 15 ~20 μm, and the shape was also irregu-
lar. However, after ball milling, the large size grains 
were not seen, indicating that the ball milling had a 
significant crushing effect on the powder and tan-
talum powder.

Metallographic characterization of block
Figure 2 shows the microstructure of the mi-

crostructure of the tungsten alloy prepared. The 
grain boundaries of all three samples were relative-
ly straight, and the shape of the grain formed by 
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Figure 2: (a, b and c) are metallographic micrographs of the core of sample 1, 2 and 3, respectively.
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of the specimen, due to insufficient sintering, some 
small isaxial grains appear, and the average grain 
size is only about 5~10 μm. This shows that this 
part could not grow up after the crystalline core 
on the surface of the sample because of the fast 
loss of heat. From Figure 2a, it can be seen that the 
average grain size was about 21 μm, the average 
grain size in Figure 2b was about 39 μm, and the 
average grain size in Figure 2c was about 52 μm. In 
a summary, the addition of tantalum inhibited the 
growth of grains, and the grain size decreased with 
the increase of tantalum addition.

XRD analysis of blocks
The chemical abstracts service (CAS) of tungsten 

is 7440-33-7, and α-W is a body-centered cubic 
structure. Each cell contains 2 metal atoms. Cell pa-
rameters: a = b = b = 316.52 pm, α = β = γ = 90°. The 
atomic number of rhenium is 73, adjacent to tung-
sten, belongs to the sixth cycle VB group element in 
the elemental cycle system, CAS is 7440-25-7, and 
the crystal structure is the same body-centered 
cubic structure. Each cell contains 2 metal atoms. 
Cell parameters: a = b = b = 330.13 pm, α = β = γ = 
90°. According to the XRD test principle, the crystal 
can be used as an X-ray grating, and the coherent 
scattering generated by the lattice will interfere 
with the light, thereby increasing or weakening the 
intensity of the scattered X-rays. According to the 
Bragg equation (2dsinθ = nλ, where d is the crystal 
plane spacing, θ is the angle between the incident 
Ray, λ is the wavelength, and n is the reflection se-
ries), for X-ray diffraction, when the optical path 

difference is equal to an integer multiple of the 
wavelength, the scattered rays of the crystal sur-
face will be strengthened. At this time, the diffrac-
tion peak of the corresponding crystal surface will 
be generated in the XRD patterns.

Since the crystal types and cell parameters of 
tungsten and tantalum are very close, the charac-
teristic peaks generated in the XRD test are also 
very close. However, due to the small amount of 
tantalum in this experiment, the peak strength is 
obviously low. Figure 3 shows the XRD patterns of 
powder and laser sintered blocks for samples 1, 2 
and 3, respectively. As shown in the Figure 3, in all 
curves the three strong peaks of tungsten can be 
clearly observed. At the same time in the powder 
curves of the three specimens, except the char-
acteristic peaks of tungsten, other peaks are too 
weak to be observed. However, for the block sam-
ples, the characteristic peaks of Re3W and ReW ap-
peared. In addition, it can be clearly seen that with 
the increase of addition of Re, the intensity of these 
peaks was enhanced significantly. This shows that 
Re have not a good solid solution in tungsten. To 
make Re enter the lattice of tungsten to form a dis-
placement solid solution, solid solution treatment 
must be conducted.

Density and hardness testing of block
In order to investigate the physical properties of 

the samples, the density of each sample was test-
ed by drainage method. As shown in Figure 4, the 
densities of samples 1, 2 and 3 are 18.86, 19.05 and 
19.13 g/cm3, respectively. Because the atomic mass 

W ReW Re3W 

Figure 3: XRD patterns of powder and bulk of samples. Figure 4: Density of the samples.



• Page 5 of 6 •Jiang. Int J Metall Met Phys 2020, 5:060 ISSN: 2631-5076 |

Citation: Jiang S (2020) Microstructure and Properties of Tungsten Rhenium Alloy Prepared by Laser Sintering. Int J Metall Met Phys 
5:060

2) Static recrystallization occurred during laser 
sintering, and equiaxed grains were formed in 
the core of the sample, which were larger than 
those of the powder particles. The grain size of 
the three samples decreased with the increase 
of rhenium content.

3) The addition of rhenium forms an intermetallic 
compounds. With the increase of the amount 
of rhenium, both the amount of intermetallic 
compounds and the density of the samples in-
creased accordingly.
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Figure 5: Microhardness of the samples.
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