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Abstract. The phase composition and structure of powders of titanium sponge exposed to 
processes of chemical and thermal processing is investigated. 

As a result of X-ray analysis, it is found that after hydrogenation titanium powder consists of 
TiH2±х phase, while with the increase in the degree of phase dehydrogenation the percentage of 
TiH2±х decreases, and under perfect the dehydrogenation the structure consists mainly of α-Ti. 
Particle size analysis revealed that the partially dehydrated powders have the least degree of 
polydispersity. 

It is established that by means of regulation of technological regimes of hydrogenation-
dehydrogenation the two-phase structure with different ratios of α-phase to TiH2±х can be 
synthesized. 

It is shown that the presence of titanium hydride contributes to stabilization of the structure of 
formed powders. 

Keywords: structure, titanium, phase hydride, granulometric characteristics, properties, powder. 

Introduction 
The need to save financial resources and reduce production costs requires producers and processors 

of titanium and its alloys, improving existing technologies shaping products and introduction of new highly 
efficient solutions. Recently, high-tech industries such as engineering, aviation and aerospace industry 
there is a significant intensification of research to develop new technological approaches as expensive as 
getting parts using additive technologies (3D printing technologies) [1; 2]. This approach is based on the 
formation of the layered objects when initially each new layer of detail of the future is a powder fraction 
consisting of the same or different in shape and particle size structural material [3; 4]. 

Modern laser 3D-printers can work with different materials. Most of the technology is used as a 
consumable metal powders. Among the most promising are titanium alloy powders that are characterized 
by a unique combination of high structural strength, low density and high corrosion resistance. However, 
the complexity of manufacturing operations necessary for the formation of spherical particles leads to a 
significant increase in the cost of products [4]. In this regard, the development of alternative technological 
approaches metallic powders suitable additive technology is an extremely urgent task. 

Substantiation of the problem 
One of the promising methods for metal powder technology with optimal performance is the use of 

chemical and heat treatment in a hydrogen atmosphere. Established that hydrogenation-dehydrogenation 
titanium alloy powders receiving promotes changing the shape of its particles [5]. Even small hydrogen 
content (0.3-3.0 wt. %) Experienced higher density products after sintering by grinding and rounding the 
particles of powder fraction [6]. However, currently getting dispersed powder of spherical particles has a 
number of technical difficulties [7], accompanied by the complication of the process of production, which 
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in turn leads to an increase in their value. In this regard, economically and technologically viable objective 
is to optimize the parameters getting cheaper powders from titanium, which will use them as an alternative 
raw material for additive technology in aircraft and engine. 

This work is devoted to one of these parameters, such as size distribution of the powder and the 
impact of previous chemical and thermal processing. 

Technique of research 
Powders obtained by mechanical grinding of titanium sponge in a planetary mill, resulting have an 

irregular (non-spherical) shape and the surface of the developed structure. 
The preferred method of identification phase using X-ray phase analysis (XRD). Powder diffraction 

filmed on a DRON-3M diffractometer using copper radiation anode (Cu Кα-radiation). 
Diffraction unscrambled using software packages PowderCell [8] and FullProf [9] on the basis of 

crystallographic data from the database ICSD [10]. 
Powder morphology was studied using optical and electron microscopy. In the case of optical 

microscopy studies were conducted using an optical microscope MBS-9 equipped with camera glasses 
eTREK-520. This sample testing thoroughly mixed glass, scattered band of a certain length and divided 
into about 7 or 8 equal parts. Pair of cast and odd-mixed and re-cut in this way. Next, a small amount of 
powder was transferred to a glass slide and evenly distributed. Fixing the image performed at least three 
specific fields of view. 

Electron microscopy was performed using a scanning electron microscope EVO 40XVP. This 
sample powder obtained as described above, was applied to the conductive tape. Research conducted for 
the increase in 50 and 100 times. 

Particle size analysis was performed using specialized material science complex image analysis 
ImageJ [11]. 

The degree of heterogeneity (polydispersity) powder, depending on the dominant medium sized 
particles in some fractions and standard deviation of the particle size of the powder of medium size [12], 
was defined by Gauss curve based on the histogram distribution of particles in a certain faction [13]. 

Results and discussion 
The process of obtaining titanium powder is titanium sponge crushing blocks and the subsequent 

scattering of chopped on fractions. Small particles sponges that comprise the study powder, characterized 
by its own porosity and can contain several grains [14]. Titanium hydride traditionally produced by heating 
the metal in vacuum furnaces, followed by exposure to a hydrogen atmosphere at 400–600 °C [15]. This 
hydrogenation process takes several hours and requires significant energy costs and significant duration 
increases the risk of process contamination hydrides derived impurities. Therefore, in the future conduct 
dehydrogenation process that not only leads to the withdrawal of material harmful impurities, but also to 
fining the microstructure of the material. 

According to [16] it is known that the sharp decrease in the concentration of hydrogen in the hydride 
is in the temperature range 500–850 °C. However, the high-temperature heat is not sufficient to completely 
remove hydrogen from the powder, since hydrogen is not completed even at 1350 °C. 

According to RFA revealed that the source powder contains only α-Ti (Fig. 1, Table 1). Found that 
in the process of hydrogenation, hydride formed TiH2±х (Fig. 1, Table 1). In [16] the results showing that 
adjusting the content of titanium hydride can correlate the mechanical properties of extruded samples are 
presented. It is known that with increasing content TiH2±х increasing hydrogen content and also reduces the 
oxygen content, which improves the mechanical properties of the powder. However, there is no data in the 
literature regarding the influence of chemical and heat treatment in hydrogen atmosphere at granulometric 
characteristics of titanium powders. 

After partial dehydrogenation (Fig. 1, Table 1) is a two-phase structure powder (a mixture of α-Ti 
and TiH2±х). In [17, 18] showed that the presence of a mixture of titanium powder 15–25 wt. % Titanium 
hydride helps particles spheroidation, which in turn improves workability and reduces sintering. As a 
result, the full source dehydrogenation phase composition of the powder is fully restored (Fig. 1d, Table 1). 
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Fig. 1. Powder diffraction pattern of titanium sponge after thermo-chemical treatment:  

a – hydrogenation; b – hydrogenation and dehydrogenation complete, c – partial hydrogenation 
 and dehydrogenation; d – not subjected to chemical and thermal processing 

Table 1 
Phase composition of samples of titanium sponge powder 

Grid settings, Å Sample Phase composition Content  
about, % a c 

Hydrogenated TiH2 100 4,431(1) - 
Wholly dehydrated α-Ti 100 2,962(6) 4,739(3) 

α-Ti 77 2,942(1) 4,6810 
Partly dehydrated 

ТіН2 23 4,391(9) - 
No hydrogenated α-Ti 100 2,941(9) 4,667(4) 

Analysis of the morphology of powders of different fractional composition (Fig. 2) showed that a 
reduction of the size fractions is uniformity of powder form and size. Thus, there is an almost complete 
absence of predisposition to conglomeration. However, the particle size of the powder is too large, so it 
used the grinding process of hydrogenation-dehydrogenation. 

The powder that has passed only hydrogenation process (Fig. 3), has a more even distribution of 
powder particle size and particle conglomerates less specific, but in spite of this particle size is too large. 

After complete hydrogenation-dehydrogenation (Fig. 4) powder morphology characterized by a 
significant spread of particle size and the formation of a large number of conglomerates. It can be assumed 
that the cause agglomeration is their high dispersion and lack of protective environment that would be 
impossible sintering processes of particles during grinding. 

Comparative analysis of Figs. 4 and 5 showed a significant impact phase of the morphology of 
titanium powders. Yes, completely dehydrated powder, consisting only α-Ti, characterized by significant 
dispersion of particles of powder size and formation of large conglomerates number of different 
configurations. The presence of titanium hydride powder is stabilizing structure that is both to uniform 
powder particle size, and to reduce their tendency to conglomeration. 
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a b 

 

c 
Fig. 2. Morphology of powders of titanium sponge different fractional composition:  

a – 0,315-0,2 mm; b – 0,25-0,1 mm; c – 0,1-0,063 mm 

  

Fig. 3. Morphology of powders of titanium sponge, after 
complete hydrogenation 

Fig. 4. Morphology of powders of titanium sponge, after 
complete hydrogenation-dehydrogenation 

Thus, we can expect that adjusting process parameters regimes hydrogenation-dehydrogenation can 
adjust the proportion between α-Ti and TiH2±х for the best technological properties of the powder (bulk 
density, fluidity) when using them in additive technology. 
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To determine the effect of chemical and thermal processing on the particle size distribution was 
carried out to determine the area of projection section base particles on the plane. Image microstructures of 
titanium sponge powder (Fig. 5) and treated with digitizing using ImageJ. Agglomerates that could not be 
divided into individual particles in the calculations were not taken into account. 

 
Fig. 5. Morphology of powders of titanium sponge, after partial hydrogenation and dehydrogenation 

  
a b 

 
c 

Fig. 6. Morphology of powders of titanium sponge after thermo-chemical treatment:  
a – hydrogenation; b – partial hydrogenation and dehydrogenation; c – hydrogenation and dehydrogenation full 
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As a result of calculations for each image (Fig. 6) a number of intervals of the size distribution and 
average diameter Feret (Dser) powder particles (Fig. 7) were received. Also specific share of the dominant 
particle size for hydrogenated, partially dehydrated and dehydrated powder were set. 

  
a b 

 
c 

Fig. 7. Histograms of distribution of powder particles of titanium sponge Feret diameter:  
a – hydrogenated; b – partially dehydrated; c – completely dehydrated 

To determine the dominant particle size powder, integral and differential curve based on the 
histogram size distribution (Fig. 8). 

As a result of construction of differential and integral curves (Fig. 8), found that the predominant 
amount of powder on the lips for different modes of chemical and heat treatment is in the range from 3.5 to 
27 microns. However, after hydrogenation, the dominant share of 60 % after partial dehydrogenation – 
78 % and full dehydrogenation – 72 %. Analysis of differential curves shows that the least degree of 
polydispersity characteristic powder obtained by hydrogenation, dehydrogenation and partial grinding  
(Fig. 8). This suggests that the process of hydrogenation-dehydrogenation titanium alloy powders can be 
regarded as a positive process, by which the possible adjustment of fractional powder is done. In particular, 
the results of comparative microstructural studies indicate that the presence of a phase of titanium hydride 
powder structure facilitates grinding powder uniformity and their size. 

Conclusions 
1. The relation between chemical-thermal treatment and phase composition of the powder is revealed. 
2. It is established that regulation of technological regimes of hydrogen treatment can affect 

granulometric characteristics of powders of titanium alloys due to purposeful change of the proportion 
between the structural components. 
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3. For the optimal, from technological point of view, fractional composition of the powder, prior 
screening of fractions of powders with the average diameter of particles larger than 25 microns is 
recommended. 

4. It is confirmed that the process of hydrogenation-dehydrogenation of titanium alloy powders can 
be regarded as a positive factor by which the adjustment of fractional powder is possible. 

  
a b 

 
c 

Fig. 8. Differential (1) and integral (2) quantitative distribution curves of titanium sponge powder  
particle diameter Feret: a – hydrogenated; b – partly dehydrated; c – completely dehydrated. 
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