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Abstract. Changes in the structure and the tungsten surface erosion by hydrogen plasma irradiation 

are studied in the article. It is shown that the change in the surface topography as a result of the 

development of the non-homogeneous surface etching is observed after surface irradiation. 

Metallographic analysis showed that the degree of relief is low in comparison with tungsten sample 

irradiated at T=700°C by tungsten samples irradiation at T=1000°C and 1500°C. However, these 

samples have small cracks, while the temperature increases the size and number of cracks also 

increases. It is determined, that the surface roughness varies depending on the irradiation 

temperature after hydrogen plasma exposure. The greatest increase in the roughness occurs in 

samples irradiated at T=1500°C, which is associated with the formation of small cracks in the 

surface layer. It is shown that a degree of surface erosion is increased with increase of the target 

temperature and the ion energy. Appreciable tungsten erosion due to irradiation of the plasma flow, 

plasma simulating stationary mode occurs only at relatively high temperatures of the target. 

Introduction 

One of the key challenges in building a fusion reactor based on the tokamak is facing the choice of 

materials to the plasma, which must withstand stationary plasma-thermal effects, and intense pulsed 

[1]. The most suitable materials for lining divertor International Thermonuclear Experimental 

Reactor ITER is considered carbon-graphite materials, and tungsten [2, 3]. Processes materials 

surface damage when exposed to a plasma stream are determined primarily thermophysical 

properties of the material, namely, the coefficient of thermal melting and boiling points. However, 

there are significant differences caused by the impact of a broad front, twists on the uneven flow 

projections and irradiated parts and assemblies, as well as the effect of the introduction of plasma 

ions in the material. All this leads to erosion, the formation of specific surface structures and a 

modified surface layer [4]. At the same time, the nature of the erosion of materials is essentially 

dependent on the operating temperature range and parameters of the plasma beam. Therefore, the 

aim of this work was to study the features of the erosion of the tungsten surface, depending on the 

target temperature and the energy of the plasma beam by hydrogen plasma irradiation. 

Materials and methods of research 

In accordance with the tasks, tungsten of HF mark was chosen as a research object, taking into 

account the interest to use these marks in fusion systems. Samples in the form of a cylinder with a 

diameter of 10 mm and a height of 5 mm were cut by electroerosion machine. Samples are ground 

and polished before irradiation. 

The samples were irradiated with hydrogen plasma. The target temperature and the energy of the 

plasma beam were varied (Table 1). 
 

Table 1. Values of tungsten irradiation parameters y hydrogen plasma 
Material Working gas Ion energy, keV P, Торр Ttarget, ºС T, min 

W hydrogen 1.5 10
-2

  700 180 

W hydrogen 2 10
-2

  700 180 

W hydrogen 1.5 10
-2

  1000 180 

W hydrogen 2 10
-2

  1000  180 

W hydrogen 1.5 10
-2

  1500 180 

W hydrogen 2 10-2  1500 180 
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Irradiation of samples by hydrogen plasma was carried out on a plasma-beam discharge 

simulating plasma-surface interaction Tokamak KTM. Installation of the beam-plasma discharge 

has been developed to support the establishment and operation of the Kazakhstan material Tokamak 

for small-scale testing of materials samples and equipment KTM [5-7]. Schematic image of the 

installation is shown in Figure 1. The plasma unit is a generator of stationary plasma in which the 

plasma is used for beam-plasma discharge. Beam-plasma discharge is a source that creates a plasma 

stream. It is carried out in a discharge zone by means of passing the electron beam there through. 

Electronic injector has indirectly heated tungsten cathode and molybdenum water-cooled anode. 

The focus of the plasma beam is carried with the help of electromagnetic system representing 

coil system. Differential pumping system including turbo molecular and backing pump, provides 

the necessary gas pressure in different compartments of the installation. The plasma parameters 

were measured by electric Langmuir probe placed in the interaction zone. Environmental 

monitoring in the oral interaction chamber was carried out using the CIS-100 quadruple mass 

spectrometer.  

 

Зона 

взаимодействия 

Разрядная зона 

Подача 

рабочего газа 

Электромагнитные катушки 

Зонд Ленгмюра 

катод 
К масс-спектрометру 

Плазмоприемник 

мишень 

К
 т

е
п

л
о

о
б

м
е

н
н

и
к

у
 

Поток плазмы 

100 мм 

анод 

диафрагмы 

anode 

working gas 

Langmuir probe 

 

cathode 
electromagnetic coils 

mass-spectrometer 

target 

plasma receiver 

 

 
aperture 

plasma flow 

h
ea

t 
e
x
ch

an
g

er
 

 
mm 

 
Figure 1. Schematic image of the plasma unit 

 

Irradiation of tungsten samples by hydrogen plasma was performed with 1.5-2 keV energy ions 

for 180 minutes. During irradiation chamber pressure was 2×10-3 Torr. High purity hydrogen was 

used as a working gas of. 

Tungsten surface erosion was evaluated by studying surface topography and surface 

microstructure, and weighing the samples before and after irradiation. Study of the microstructure 

of tungsten samples before and after irradiation was carried out using an optical microscope 

OLIMPUS BX41M and scanning electron microscope JSM-6390. Chemical etching solution 

comprising 50% hydrofluoric acid and 50% nitric acid was used to reveal the tungsten 

microstructure. Topography and surface roughness were studied by the three-dimensional non-

contact profilometer «Micro Measure 3D Station». 

Results and discussion 

Figure 2 shows the topography of the tungsten samples surface obtained using an optical 

profilometer. Significant changes in the terrain are not observed from the figure. 

Figure 3 shows the microstructure of a tungsten surface irradiated by hydrogen plasma at 

different temperatures. It is clear from the Figure 3 that the surface change in the surface 

topography is observed as a result of the development of the non-homogeneous surface etching by 

irradiation at T = 700°C. The resulting relief consists of randomly arranged protrusions and 

depressions of different shapes. The development of the relief on the tungsten surface by erosion 

different velocities of adjacent sections during plasma irradiation caused by the fact that differently 

oriented surface crystals are characterized by different coefficients of dispersion. The degree of 

 

Key Engineering Materials Vol. 736 47



change in topography and structure of the irradiated samples surface layer depends on the exposure 

temperature. Metallographic analysis showed that the degree of relief development is low in 

comparison with low tungsten irradiated at T = 700 ° C by tungsten sample irradiation at T = 

1000°C and 1500°C. These samples had small cracks, while the temperature increases to 1500°C 

and a size and number of cracks also increase. 

  

  
Figure 2. The surface topography of the tungsten samples before (a) and after hydrogen plasma 

irradiation at T = 700°C (b), T = 1000°C (c) and T = 1500°C (d) 
 

 
Figure 3. The microstructure of the tungsten surface irradiated by hydrogen plasma at T = 700°C 

(a), T = 1000°C (b) and T = 1500°C (c) 
 

Tungsten samples were examined, irradiated at T = 1000 ° C with ion energy of 1.5 keV and  

2 keV in order to identify the impact of the energy of the hydrogen ions on the erosion. Figure 4 

shows the SEM image of these samples surface. It is clear from the Figure 4 that increase of 

destruction degree is observed with increasing ion energy. At the same time fissure size increases 

with an increase in power up to 2 keV, the relief development is observed as a result of 

inhomogeneous surface etching. Thus, protrusions and recesses are formed on the surface, repeating 

the crystallite form. Nonuniform etching of crystallites probably is connects with their different 

orientations. 

a) b) 

c) d) 
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Figure 4. SEM image of the tungsten samples surface irradiated by hydrogen plasma at T = 1000°C, 

ion energy 1.5 (a) and 2 keV (b) 

 

Figure 5 shows SEM images of the tungsten surface irradiated with hydrogen plasma at  

T = 1500°C. The topography of the exposed tungsten surface shows its severe erosion. Tungsten 

surface etching, the grain boundaries manifestation and their orientation occur as a result of 

interaction with the hydrogen plasma. 

 

 
Figure 5. SEM image of the tungsten surface irradiated with hydrogen plasma at T = 1500°C 

Results of the samples study on an optical profilometer are shown in Figure 6. It was determined 

that the hydrogen plasma after exposure the surface roughness varies depending on the irradiation 

temperature. The greatest increase in the roughness of Ra = 0.0623 microns was observed in 

samples irradiated at T = 1500 ° C, which is associated with the formation of small cracks in the 

surface layer. As for samples irradiated at T = 700 ° C, the roughness parameter was Ra = 0.0439 

microns in which the surface is composed of randomly arranged protrusions and recesses of various 

shapes. The smallest change in surface roughness Ra = 0.0377 microns was observed in samples 

irradiated at T = 1000°C. Those results are in good agreement with the results of metallographic 

analysis. 
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Figure 6. The results of research on the optical profilometer 

 

Thus, it can be argued that irradiation of tungsten and molybdenum primary by relief-hydrogen 

plasma spraying mechanism is characterized by surface erosion and thermal etching surface. 

Tungsten erosion samples are also assessed by weighing the samples before and after irradiation. 

Figure 7 shows the dependence of the tungsten weight loss regime by irradiation of hydrogen 

plasma. The figure 7 shows that the degree of erosion increases with increasing irradiation 

temperature, which is natural. It is known that relief formation occurs primarily due to sputtering of 

the surface due to the kinetic energy of ions cascade mechanism in the case of irradiation of metals 

and alloys with inert gas ions and plasma at temperatures above the annealing elementary defects 

created by irradiation of the. 

Thus, it is determined that the tungsten erosion mechanisms are different depending on 

irradiation conditions. 

 

 
Figure 7. Dependence of weight loss tungsten on hydrogen plasma irradiation temperature 

Conclusions 

1. Thus, it was found that change in the surface topography as a result of the development of the 

non-homogeneous surface etching is observed after surface irradiation. The degree of change in 

topography and structure of the surface layer of the irradiated samples depend on the exposure 

temperature. Metallographic analysis showed that the degree of relief is low in comparison with 

tungsten sample irradiated at T = 700°C when irradiated at T = 1000°C and 1500°C. However, 
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these samples had small cracks, while the temperature increases to 1500°C size and number of 

cracks also increases. 

2. It was determined that surface roughness varies depending on the exposure temperature after 

irradiation of hydrogen plasma. The greatest increase in the roughness occurs in samples irradiated 

at T=1500°C, which is associated with the formation of small cracks in the surface layer. As for 

samples irradiated at T = 700 ° C, the roughness parameter was Ra = 0.0439 microns in which the 

surface is composed of randomly arranged protrusions and recesses of various shapes. The smallest 

change in surface roughness Ra = 0.0377 microns was observed in samples irradiated at T = 

1000°C. 

3. The results showed that degree of surface erosion increases with the increase of the target 

temperature and the ion energy. By virtue of its thermophysical properties, tungsten remarkable 

erosion due to irradiation of the plasma flow, simulating plasma stationary mode occurs only at 

relatively high temperatures of the target. Tungsten spray was found with hydrogen ions with 

energies of 1.5-2 keV at 1500ºC by exposure in stationary deuterium plasma. 
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