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Pulsed electron beams for surface finish of  
laser or electron beam sintered metal articles 
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The paper presents research results on pulsed electron beam surface finish of porous metal 

articles obtained by selective powder sintering. On the example of VT6 alloy, it is shown that surface 
finish with a pulsed electron beam in a vacuum of 3.5·10–2 Ра (Ar) at an electron energy of 15 keV, 
pulse duration of 200 µs, and pulse energy density of 45 J/cm2 provides a considerable decrease in 
surface roughness and porosity. The proposed method of surface finish is an alternative to 
conventional techniques of surface treatment of articles for use in mechanical engineering, 
implantology, industry, science, education, designing, and other fields. 

Довършителна повърхността обработка чрез импулсни електронни лъчи на  
синтеровани с лазерен или електронен лъч метални предмети (А. Тересов, Н. Ковал, Ю. 
Иванов, Е. Петрикова). Статията представя резултатите от научните изследвания на 
обработка на повърхността чрез импулсен електронен лъч, на порести метални изделия, 
получени чрез селективно прахово синтероване. Довършителната повърхностна обработка е 
показана за сплав VT6, тя е извършена във вакуум – 3.5·10-2Pa (Ar), с енергия на електроните 
15 keV, продължителност на импулса – 200 µs и плътност на енергията на импулса 45 J/cm2, 
като по този начин се осигурява значително намаляване на грапавостта и порьозността на 
повърхността. Предложеният метод за повърхностна модификация се явява алтернатива на 
конвенционалните техники за такава обработка на предмети, използвани в 
машиностроенето, имплантологията, индустрията, научката, образованиято, 
проектантството и други.  

 

Introduction 
Now, many technologies are available which can 

be called additive and they are all based on successive 
addition of material, rather than on its successive 
removal as conventional, to create an article. 

Additive technologies allow gradual layer-by-layer 
manufacturing, often termed growing, of any article 
based on its 3D computer model. Unlike conventional 
technologies in which blanks or billets are deformed 
or machined to cut off superfluous material, additive 
manufacturing uses amorphous materials to create 
new objects. Depending on the additive technology, 
objects can be grown from the bottom upward or from 
the top down and can thus differ in properties. 

The first additive systems used mostly polymers. 
The now available 3D printers, as the essential of 
additive manufacturing, are able to operate with 
engineering plastics, composite powders, metals, 
ceramics, and sand. By now, additive technologies are 
widely used in mechanical engineering, industry, 
science, education, designing, medicine, foundry, and 
many other fields. 

Modern 3D printers for growing articles from 
metal powders use laser or electron beam sintering. 
These methods consist in constructing an article in a 
thin (50 – 100 µm) metal powder layer in which 
particles are sintered under the action of laser or 
electron beam irradiation. As a result, a porous layer 
with a high roughness (Ra = 30 µm, Rz = 150 µm) is 
formed at the article–powder boundary due to 
attachment and sticking of individual particles, and for 
further use of the article it is required to remove or 
modify this rough layer. 

The roughness and porosity of such layers are 
normally decreased through surface treatment [1], 
including mechanical treatment (grinding and 
polishing with abrasive wheels and belts, in drums and 
vibration machines, UV polishing, abrasive and 
hydro-abrasive jet machining, etc.), chemical and 
electrochemical etching. 

The methods of mechanical treatment allow a 
considerable decrease in surface roughness, depending 
on the abrasive grit size, and are relatively cheap. 
However, they have a series of shortcomings such as 
penetration of abrasive particles into material surface 
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layers, complexity of treating bulk objects with a 
developed surface profile, loss of material during 
treatment, especially for convex surface parts, and 
complexity of controlling the process. 

The methods of chemical and electrochemical 
etching of metal surfaces use selective etchants and dc 
or pulse current for each specific material, making it 
possible to control the etching rate and hence the 
etched layer thickness. The shortcomings of these 
methods are the necessity of utilizing aggressive 
reaction products, expensive etchants, and selectivity 
of use (requiring a selection of etchant components for 
each metal material). 

In the study presented, we used a submillisecond 
pulsed electron beam, being free from the above 
shortcomings, for surface finish of metal articles [2 - 
4]. 

Materials and research techniques 
The test specimens were plates of dimensions 15 × 

30 × 5 mm grown layer-by-layer from VT6-grade Ti 
powder with a particle size of 40 – 100 µm through 
selective electron beam sintering in vacuum on an 
Arcam A2X setup (Sweden) [5]. 

The specimen surface was irradiated on a SOLO 
setup [6] comprising a plasma cathode electron source 
based on a low-pressure pulsed arc discharge with a 
grid-stabilized plasma boundary. The system provides 
the generation of an electron beam in vacuum at a 
pressure of (2 – 5)·10–2 Pa (Ar) with a pulse duration 
of 20 – 200 µs, beam current of up to 300 A, electron 
energy of up to 25 keV, pulse repetition frequency of  
0.3–20 Hz, and energy density of up to 80 J/cm2. The 
beam imprint diameter on the treated surface is 1.5 – 3 
cm depending on the irradiation parameters. 

The use of plasma electron sources for surface 
finish of metal articles manufactured by selective 

powder sintering holds promise because of the 
possibility to generate sub- and millisecond pulses and 
to provide repetitive pulsed operation with gradual 
and independent control of beam parameters (current, 
accelerating voltage, pulse duration, and pulse 
repetition frequency) [2 - 4]. All the foregoing makes 
it possible to optimize the treatment process. 

The optimum parameters of surface finish for the 
VT6 specimens, which provide the maximum 
decrease in roughness and porosity, are the following: 
pulse energy density 45 J/cm2, pulse duration 200 µs, 
number of pulses per unit surface 10, pulse repetition 
frequency 0.3 Hz, and operating pressure in the 
chamber 3.5·10–2 Pa (Ar). 

The principle of pulsed electron beam surface 
finish of metal articles is as follows. When exposed to 
a short (200 µs) intense (up to 300 A) electron beam 
with an energy of 15 keV and pulse energy density of 
45 J/cm2, the porous surface of a metal article, 
including powder particle protrusions of up to 100 µs,  
undergoes ultrafast heating (~ 107 K/a). The heating 
involves surface melting to a depth of several tens of 
micrometers per pulse. The melting layer thickness is 
increased by increasing the number of pulses. As a 
result, due to surface tension forces of the melt, the 
power particle protrusions are smoothed and the initial 
pores are healed. Then, due to heat conductivity, the 
material surface undergoes ultrafast cooling (105 – 106 
K/s) and is recrystallized with the formation of 
homogeneous microstructure. The amount of material 
evaporated from the surface is negligible. 

The surface roughness of the specimens was 
studied using an MNP-1 optical profilometer (base 
length 0.8 mm, no less than 10 measurements per 
specimen). 

The surface structure of the specimens was 
examined on a Philips SEM-515 scanning electron 
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Fig. 1.  Surface of VT6 alloy before (a) and after electron beam treatment (b). 
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microscope (Umax = 30 kV). 

Research results 
The results of profilometry of the VT6 specimens 

irradiated in the optimum mode show that the surface 
roughness Ra decreases about 9.7 times (from Ra = 
10.7 ± 1.5 µm to Ra = 1.1 ± 0.5 µm) and Rz decreases 
about 11.9 times (from Rz = 73.8 ± 10 µm to Rz = 6.2 
± 1.5 µm). The surface porosity vanishes. 

The data of scanning electron microscopy (Fig. 1) 
confirm that pulsed electron beam treatment grossly 
changes the surface profile. In the VT6 surface layer, 
a homogeneous grain structure is formed without any 
visible particles of the initial powder. 

Conclusion 
Thus, on the example of VT6 alloy, it is shown that 

the use of a pulsed electron beam for surface finish of 
sintered metal articles provides a considerable 
decrease in the porosity and roughness of their surface 
layer, which is promising for use in industry, 
engineering, science, education, medicine, foundry 
industry and many other areas. 
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