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Abstract

The microstructural and phase evolution of the powders at different times of milling and after treatment in the
flow of the thermal plasma were studied. The X-Ray Diffraction and Scanning Electron Microscopy studies
showed that increasing milling time up to 12 h improves chemical homogeneity of the powders and promotes
the formation of B2/B-phase solid solution, while at shorter milling times the powders consist of a highly
inhomogeneous layered structure with HPC- and BCC-crystal structures. The plasma spheroidization of
irregular powders after MA resulted in highly-spherical powders of the orthorhombic alloy with a homogeneous
chemical composition consisting of dendritic B2-phase. The fabricated spherical powders can be utilized in
Additive Manufacturing processes to fabricate intermetallic components.
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1. INTRODUCTION

Titanium orthorhombic alloys based on Ti2AINb-phase are considered to be excellent candidates for replacing
nickel-based superalloys due to their physical and mechanical properties, e.g. high yield strength, creep
resistance and a working temperature up to 650 °C [1,2]. Orthorhombic titanium alloys demonstrate enhanced
ductility compared to other titanium aluminides alloys. Ti2AINb-based alloys are of particular interest for
Additive Manufacturing (AM) due to the high cost of production by conventional techniques.

At the same time, the availability of titanium intermetallic powders appropriate for their application in AM are
very limited. A general requirement for powders used in AM is a spherical particle shape, chemical
homogeneity, and a uniform particle size. Mostly the powder for AM are produced by atomization techniques
[3], but in case of titanium intermetallic alloys this method faces a lot of difficulties to achieve high-quality
powders for AM. One of the alternative ways to produce homogeneous spherical powders is to use a
combination of mechanical alloying (MA) and plasma spheroidization (PS) processes. Powders obtained my
MA have an irregular particle shape. PS process can be used to give the powders spherical shape. High
temperature treatment in a plasma jet leads to rapid melting and solidification of the particles. By controlling
parameters such as feed rate, the flow rate of plasma gas and plasma power flux, it is possible to obtain
particles of a given composition of alloys with spherical form [4].

Ti-22AI-25Nb (at%) alloy is considered as a prototypical alloy among Ti2AINb-based alloys [5]. However, this
alloy has some drawbacks in terms of creep and oxidation resistance. One approach is to add B-phase
stabilizing elements that are dissolved in the O-phase. For example, adding Mo is known to improve the
oxidation and creep resistance. Mo and Si if added combined improve the high temperature oxidation
resistance of TizAl alloys compared to that of alloying alone. Zr addition improves the creep strength and the
oxidation resistance [6].

In this paper, Ti-22Al-25Nb-0.3Mo-1Zr-0.3Si-0.2Hf-0.4Ta (at%) alloy powders were fabricated from elemental
powders by MA for different milling times followed by PS to obtain spherical powder particles. The phase

1658



JE. w o
ME 1AL

2019 May 22™ - 24 2019, Brno, Czech Republic, EU

evolution and the alloy formation dependencies on the milling time during MA and after PS were studied. It
was established that increasing the milling time improves the homogeneity of the powders and promotes the
formation of B2/B-phase and the PS process results in the spherical powders with homogenic distribution of
elements, consisting of dendritic B2-phase.

2. MATERIALS AND METHODS

The blended elemental powders of Ti, Al, Nb, Mo, Zr, Si, Hf, and Ta (with 99.9 % purity) were mixed to obtain
the composition of with Ti-22AI-25Nb-0.3Mo-12r-0.3Si-0.2Hf-0.4Ta (at%) and then mechanically alloyed using
a planetary mill Fritsch Pulverisette 4 in the argon atmosphere for 4, 8, 12 h. The milling of the powders was
stopped every 45 min for 15 min to prevent overheating of the powders. Steel balls of 10 mm diameter were
used as the milling media with the ball-to-powder ratio of 20:1. The main disk rotation speed was 200 rpm
(clockwise direction) and the bowl rotation speed was 400 rpm (counterclockwise direction). After mechanical
alloying the obtained powders were sieved using a 125 pym sieve and then spheroidized in the Tekna TEK-15
plant with the inductively coupled plasma at 15 kW plasma torch power. The Ar-He gas was used as the
plasma forming gas. The powder feeding rate was set to 15 g/min. TESCAN Mira 3 LMU scanning electron
microscope (SEM) with secondary electrons (SE) and backscattered electrons (BSE) was utilized for the
microstructural characterization of the powders. Energy-dispersive X-ray spectroscopy (EDS) option was used
for local chemical analysis of the samples. The phase composition was analyzed with a Bruker D8 Advance
X-ray diffraction (XRD) meter using Cu-Ka (A = 0.15418 nm) irradiation.

3. RESULTS AND DISCUSSION

Figure 1 shows the BSE-SEM images of Ti-22Al-25Nb-0.3Mo-1Zr-0.3Si-0.2Hf-0.4Ta powders obtained after
MA for 4, 8, and 12 h. The powders obtained by MA have irregular particles’ shape typical for milling processes.
There are visible white areas on the particles’ surfaces corresponding to undissolved alloying elements like
Nb, Ta, Mo, Zr, Hf. As can be seen from BSE-SEM images of particles sections (Figure 2), the powders
obtained by MA are characterized by inhomogenical distribution of elements and feature layered microstructure
typical for MA powders [7]. Increasing the milling time improves the homogeneity of the powders. The EDS
measurements of the powder particles obtained after MA for 12 h showed that the average composition
corresponds to the initial elemental powder blend. However, there has been a slight pick-up of Fe (up to 1.2
wt%) during MA due to the use of steel milling balls and bowils.

Figure 1 BSE-SEM images of Ti-22AI-25Nb-0.3Mo-1Zr-0.3Si-0.2Hf-0.4Ta powders obtained by MA with the
milling time of 4 h (a), 8 h (b), and 12 h (c)
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Figure 2 BSE-SEM images of Ti-22AI-25Nb-0.3Mo-1Zr-0.3Si-0.2Hf-0.4Ta powder particles sections
obtained by MA with the milling time of 4 h (a), 8 h (b), 12 h (c), and areas for EDS measurements for
particles after 12 h milling time (d)

Table 1 The results of EDS measurements for the areas shown in Figure 2 d

A
AN

Area Element content (wt%)
Ti Al Nb Si Zr Mo Hf Ta Fe
1 43.06 11.44 37.74 2.92 2.01 0.15 1.66 0.44 0.58
2 43.52 11.35 38.10 2.26 2.00 0.14 0.48 0.95 1.20
3 42.01 12.15 39.64 2.10 2.20 0.17 0.96 0.53 0.24
Table 1 shows the XRD results of the s
powders obtained by MA at different milling . ET:
times. After milling for 4 hours the XRD . = B2-phase
| 7 A Al
shows the presence of a body-centered 15000 - | . I .
i PS

cubic (BCC) phase corresponding to Nb/B-Ti,
a hexagonal closed-packed (HCP) phase
corresponding to a-Ti, and a small amount of
face-centered cubic (FCC) phase
corresponding to Al. This suggests that 4 h of
milling time was not enough for the diffusion
of elements and the formation of the alloy.
After 8 h of milling the Al peaks disappear
and the HCP-phase peaks decrease.
Increasing the miling time leads to
broadening and lowering of the peaks along
with the decrease of the ratio of the peaks’
intensities to the background intensity. This
suggests the formation of B/B2-phase and
ordering of the solid solution (B2).
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Figure 3 The XRD results of Ti-22AI-25Nb-0.3Mo-1Zr-
0.3Si-0.2Hf-0.4Ta powders obtained by mechanical alloying
at different milling times and after plasma spheroidization
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Figure 4 shows the SEM-image of the
powder particles obtained after PS. The
powder particles treated in a plasma jet
have spherical shape and dendritic
microstructure. According to the XRD
results, the powder after PS consists
only of B2-phase which was a result of
rapid cooling during the PS process. The
true density of the powders measured by
the pycnometer test was 5.12 g/cm?
which is close to the values of titanium
orthorhombic alloys [8]. The chemical
composition of the powder particles after

Figure 5 BSE-SEM images of the
powder particles polished cross-
sections and the areas used for

EDS measurements

Figure 6 BSE-SEM image of the

particle polished cross-section for

the powder after PS and elements
distribution

Hf

Figure 4 SEM-images of Ti-22Al-25Nb-0.3Mo-1Zr-0.3Si-0.2Hf-
0.4Ta powder particles after plasma spheroidization

PS was measured using the EDS method at the particles cross-
sections as shown in Figure 5. The resultant composition was the
following (in at%): Ti- 49.8 + 0.8; Al - 24.3 £ 1.5; Nb - 22.6 + 0.6; Mo -
0.1+0.1;Hf-0.3+0.1; Ta-0.3+0.1; Zr-1.5+0.1; Si- 0.8 £ 0.1; Fe
-0.9+04.

The EDS maps for elements distribution in the powder particle after PS
are shown in Figure 6. It can be seen that the chemical homogeneity
significantly improved after PS compared to the initial powders
obtained by MA. After the PS process the alloying elements are evenly
distributed in the particle.
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CONCLUSIONS

In the present work, the powders of intermetallic orthorhombic alloy Ti-22AI-25Nb-0.3Mo-1Zr-0.3Si-0.2Hf-
0.4Ta (at%) were fabricated by mechanical alloying and plasma spheroidization processes. The high sphericity
of the powder particles and the homogeneous chemical distribution allow the powder to be used in Additive
Manufacturing processes such as Selective Laser Melting or Direct Energy Deposition. Additional screening
is required depending on the used AM technology.

Increasing of the mechanical alloying time up to 12 h promotes the formation of B2/ solid solution with a more
homogeneous chemical distribution. However, mechanical alloying leads to the Fe contamination from the
grinding media.

Plasma spheroidization of the mechanically alloyed powders results in the spherical powder particles with a
homogeneous chemical distribution. The obtained powders consist of B2 solid solution with the dendritic
microstructure.
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