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ABSTRACT

Purpose: Identification of structural-geometrical parameters, technological properties and 
elemental composition of spherical powders in a wide fraction range with respect to the 
VT20 alloy has been carried out. This is important for evaluating the optimum filling of a given 
volume by mixture of powders of different fractions during 3D printing.

Design/methodology/approach: During the investigation of spherical Ti-alloy powders, 
a comprehensive approach was performed using Scanning Electron Microscopy (SEM), 
Energy-Dispersive X-ray Spectroscopy (EDS), Dynamic Light Scattering (DLS) and Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS). The surface morphology of the powders was 
studied on a Tuescan Vega 3 Scanning Electron Microscope. Using the Quantax energy 
dispersive spectrometer, element distribution maps were obtained and histograms of 
element distribution in the investigated powders were constructed. ICP-MS analysis was 
performed to clarify the elemental composition. DLS analysis using Malvern's Zetasizer 
Nano-ZS equipment allowed us to determine the functional parameters (hydrodynamic 
radius – Rh, zeta potential – z and specific conductivity) of particles of titanium alloy powder 
that indirectly indicate a tendency to form conglomerates.

Findings: According to the microscopic examinations, the VT20 alloy powder consists 
of globular-shaped particles with the lamellar traces on their surfaces. The uniformity of 
the chemical element distribution within each fraction of the investigated powders was 
confirmed by EDS, and the full conformity of the powder fractions with the elemental 
composition of the VT20 alloy was confirmed by ICP-MS. The DLS method allowed to 
establish that the formation of conglomerates would not occur within the studied fractions 
of the VT20 alloy powder.

Research limitations/implications: The use of high sensitive investigation methods 
gives understanding of the mechanisms of fine structure formation and possibility to control 
the processes of powder coagulation in the stage of electrostatic interactions.

Practical implications: The obtained results can be used for the formation of fine 
spherical particles of the powder, but at the same time, these technologies can be extended 
for the particles of non-spherical shape.
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Originality/value: The DLS method allowed to establish that the formation of conglomerates 
would not occur within the studied fractions of the VT20 alloy powder. This, in turn, will 
improve powder melting during 3D printing. The measured zeta potential values allowed us 
to reveal mechanisms of fine structure formation and to control the processes of powder 
coagulation in the stage of electrostatic interactions.
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MATERIALS

 

1. Introduction 
 

High-tech industries like mechanical engineering, 

aircraft building and aerospace manufacturing industry 

require the manufacturing of products with high 

operational reliability with minimal energy and resource 

costs to reduce the cost of final products. It is possible to 

achieve the desired effect by applying additive 

technologies that allow to form products of complex 

configuration that do not require finishing machining 

operation [1]. 

The principal materials for the manufacturing with 

applying the additive technologies (3D printing) are metal 

powders. Among them, titanium alloy powders are 

considered to be the most promising because they 

simultaneously have high rates of specific strength, 

corrosion and heat resistance. Spherical particles are 

currently used for 3D printing. This is due to the fact that 

they can more compactly fill a certain volume and provide 

the necessary fluidity of the powder composition in the 

material supply systems [2-5]. 

It is known that the manufacture of such powders  

is a complex, expensive and environmentally hazardous 

process. Its particles should be perfectly spherical, 

homogeneous in elemental composition with a defect-free 

surface and no tendency to form conglomerates. Therefore, 

it is important to study the compatibility of structural-

geometric parameters of different fractions of the VT20 

titanium alloy powder with the specified requirements [6]. 

 

 

2. Experimental procedures 
 

In this work, scanning electron microscopy (SEM), 

energy-dispersive X-ray spectroscopy (EDS), dynamic 

light scattering (DLS), and inductively coupled plasma 

mass spectrometry (ICP-MS) of spherical powders of 

VT20 titanium alloy were performed using modern 

research methods and advanced equipment. 

SEM analysis of titanium alloys was performed  

on a TESCAN VEGA 3 scanning electron microscope in 

high vacuum with the magnification from 3 to 1 million 

times [7]. 

The hydrodynamic radius (Rh), zeta potential (�), and 

conductivity of the titanium powder particles were obtained 

with dynamic light scattering (DLS) technique using 

Zetasizer Nano-ZS (Malvern). Of these parameters, the 

most interesting for us is the parameter �. It specifies the 

degree and nature of the interaction between the particles 

of the system, and the increasing of its absolute value 

means that the force of repulsion of the particles from each 

other increases. An investigated system could be 

considered as unstable if its � magnitude lies in a range  

of +25 to -25 mV. A system is considered as stable for  

� values greater than +25 mV or smaller than -25 mV [8]. 

The results of the experiment were processed by 

“Dispersion Technology Software”. The autocorrelation 

functions were registered from the scattered light recorded 

at 173�. As a dispersant the deionized water was used [9].  

The hydrodynamic radius (Rh) was determined from the 

Stokes-Einstein equation (1) for a known solvent viscosity 

(�) and temperature (T). The diffusion coefficient (D) was 

obtained directly from the experiment. 
 

6
h

kT
R

Dπη
=  (1) 

 

where k is the Boltzmann constant, � is the viscosity of the 

suspension fluid. 

It should be noted that the diffusion coefficient D 

increases with increasing of temperature T according to the 
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temperature dependence of the dispersant viscosity. 

Besides, diffusion processes are affected by the change of 

the particle radius Rh [10,11]. Therefore, the temperature of 

the sample should be constant (and known) in order to 

obtain accurate values of D and Rh. 

EDS analysis was performed on an energy-dispersive 

X-ray spectrometer Quantax manufactured by Brucker with 

a detector which is a silicon crystal that is cooled by a 

Peltier element. Signal amplification, recording, and 

spectrum analysis systems are implemented by computer. 

The elemental composition of the surface was determined 

on the selected part of the powder by the analytic method 

of elemental analysis of the solid substance, which is based 

on the analysis of the energy of emission of its X-ray 

spectrum [12,13]. 

To specify the elemental composition, ICP-MS analysis 

which has a high sensitivity and ability to determine the 

concentration of elements in the range up to 10
-10 

% has  

 

been performed. The method uses inductively coupled 

plasma as an ion source and mass spectrometer to identify 

and detect them. ICP-MS also allows the isotope analysis 

of the selected ion [14]. 

To specify the structural-geometric parameters of the 

VT20 alloy powders, their bulk density and fluidity were 

determined. The essence of the method is to measure the 

leakage time and, accordingly, the mass of a certain 

amount of powder, which in a freely filled state completely 

fills the capacity of the known volume [15,16]. 

 

3. Results and discussion 
 

It is important to explore the surface morphology of 

spherical particles of the VT20 alloy powder of different 

fractions in order to solve the problems posed. It is 

necessary to establish the structural-geometric parameters 

of their surface. 

  

  
 

Fig. 1. Surface morphology of spherical particles of the VT20 alloy powder of various fractions: (a) less than 40 �m;  

(b) 40-80 �m; (c) 80-100 �m; (d) 100-140 �m 

a) b) 

c) 
d) 

3. Results and discussion
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According to the results of SEM analysis, the 

investigated powder consists of globular-shaped particles 

with the lamellar surface morphology. It is typical of 

spheroidization technology (Fig. 1). 

Figure 2 illustrates the distribution of VT20 alloy 

powder elements. 

The data obtained show that the total distribution of the 

alloying elements V, Ti, Al (Fig. 2a) on the surface  

 

of the powder particles is uniform. Carbon is not detected 

(Fig. 2b). This indirectly indicates the high quality of the 

alloy. As expected, the Ti reflex range (Fig. 2c) is the 

widest. While the nature of the Al distribution is uneven 

with the areas of liquations (Fig. 2d). Visually, the 

distribution maps of Zr, V (Fig. 2e, 2f) correspond to their 

concentrations in the alloy [17]. 

 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 

Fig. 2. A distribution map of elemental composition of VT20 alloy powder of 80-100 �m fraction: (�) Ti, Al and V; (b) C; 

(c) Ti; (d) Al; (e) Zr; (f) V 

 

 
The spectrums of EDS analysis of the fraction  

80-100 �m of the VT20 alloy powder are shown in  

Figure 3. 

The percentage range of the elements in the composite 

mass, visualized in the adequate voltage range, counted in 

seconds per electron-volt: keV (kilo-electron-volt) is 

accelerating voltage range used for EDS analysis; cps/eV 

are counts per second per electron-volt (Fig. 3). 

The results of the EDS analysis are shown in Table 1. 

The received data determines the amount of each element 

in weight percent on the selected powder area and the 

relative error of each measurement (�). 
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Fig. 3. EDS spectrums of elemental composition of the fraction 80-100 �m of the VT20 alloy powder 

 

 

Table 1. 

Results of EDS analysis 

Elements Wt., % �, % 

Ti 85.9 1.0 

Al 7.7 0.4 

Zr 3.2 0.3 

V 2.8 0.3 

Si 0.4 0.1 

Fe 0.3 0.1 

 
ICP-MS analysis was performed to refine the elemental 

composition up to one hundredth of a percent. Since this 

mass spectrometer can only process samples in dissolved 

form, it was necessary to dissolve the test powders in the 

appropriate reagents. This has been done using CEM 

Microwave Digestion System MARS 6, and the “Digestion 

of Titanium Dioxide” program to process the results [18]. 

The preliminary preparation of the samples for the 

investigation was in accordance with the procedure 

specified in the program, namely, 0.5 g of powder with  

10 ml of HNO3 and 2 ml of HF was placed into the 

digestion vessel for hydrolysis [19]. The test mode is 

shown in Table 2. 

Hydrofluoric acid (HF) was neutralized using the “HF 

Neutralization” program. The resulting solutions were 

investigated on a ICP-MS spectrometer. The results of the 

study are given in Table. 3. 

 

 

Table 2. 

ICP-MS analysis mode 

Temp, 

ºC 

Ramp, 

mm:ss 

Hold, 

mm:ss 

Pressure, 

psi 

Power, 

W 
Reagents 

210 15:00 15:00 800 
900-

1050 

HNO3 

HF 

 

 

Table 3. 

Results of ICP-MS analysis 

Element Weight, g mg/100ml mg/100mg Wt., % 

Al 0.107 5.998 55.935 5.593 

Fe 0.107 0.1567 1.465 0.146 

Si 0.107 0.2505 2.342 0.234 

Ti 0.107 94.925 887.152 88.715 

V 0.107 2.708 25.311 2.531 

Zr 0.107 2.976 27.815 2.781 

 

 

It should be noted that, comparing to EDS analysis, 

ICP-MS analysis allowed to determine the elemental 

composition of the investigated powders with high 
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accuracy (error did not exceed 0.01%). In this way, the full 

conformity of the investigated powder with the elemental 

composition of the VT20 alloy was confirmed [21]. 

For DLS research, samples were first prepared 2 mg  

of prepared powders were suspended in 1ml of deionized 

water. From the resulting solution 100 �l of the supernatant 

was taken and again dissolved in 1 ml of deionized water. 

The final prepared solution was investigated by the DLS 

installation. The same solution was used to determine  

the zeta potential and electrophoretic mobility of Ti 

particles [20]. The values of hydrodynamic radius (Rh),  

zeta potential (�), and specific conductivity are shown  

in Table 4. The Rh values presented are averages of  

10 measurements. 

 

 

Table 4. 

The size of the spherical particles of powders of VT20 

titanium alloy, determined by the DLS method 

The parameters of 

the investigated 

powders 

The size of the fraction of spherical 

powders, �m 

0-40 40-80 80-100 100-140 

Rh, nm 16.5 32.5 46 63 

�, mV -29.5 -30.3 -32.9 -26.8 

Conductivity, 

mS/cm 
0.0451 0.092 0.0612 0.0504 

 

 

Since the absolute values of � are than 25 mV, this 

means that the investigated system is stable and the fine 

powder particles will not form conglomerates [8]. 

The results of determining the bulk density of powders 

of VT20 titanium alloy of fractions 0-40, 40-80, 80-100, 

and 100-140 �m are presented in Table 5. Before the test, 

we weighed an empty measuring container, and then filled 

the container with powder. The tests were performed 

separately for each test sample [15-16]. 

 

 

Table 5. 

Results of determination of the fluidity and bulk density of 

the powders 

Powder 

properties 

The fractions of spherical powders, �m 

0-40 40-80 80-100 100-140 

Fluidity (	), s 47.2 46.5 45.7 45.2 

Bulk density 

2

g
(
),

cm
 

2.609 2.59 2.57 2.411 

Based on the obtained data it was concluded that both 

the fluidity and bulk density decrease with increasing of the 

fraction size values. 

 

 

4. Conclusions 
 

1. The results of microscopic examinations revealed the 

lamellar traces on surfaces of spherical particles of the 

VT20 alloy powder. This is typical of a slight 

temperature difference during the spheroidization 

process. 

2. EDS analysis confirmed the uniformity of the chemical 

element distribution within each fraction of the 

investigated powders. 

3. ICP-MS confirmed the full conformity of the powder 

fractions with the elemental composition of the VT20 

alloy. 

4. The DLS method allowed to establish that the 

formation of conglomerates would not occur within the 

studied fractions of the VT20 alloy powder. This, in 

turn, will improve powder melting during 3D printing. 

The measured zeta potential values allowed us to reveal 

mechanisms of fine structure formation and to control 

the processes of powder coagulation in the stage of 

electrostatic interactions. 
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