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Abstract. We have used the surface morphology of tungsten composite has been investigated under 

helium ions irradiation (2.5 MeV 3He+ ions or 5.0×1020 ions/cm2 at room temperature at Frank Laboratory 

for Neutron Physics Joint Institute for Nuclear Research (JINR) in Dubna, Russia). AFM results showed 

that the incident radiation resulted in elongated protrusions and happened surface degradation after ion 

irradiation. The results showed for the multilayers compounds before and after irradiation there are no 

indications of difference in crystallographic symmetry. The virgin samples contained the as the only 

electrically active defects. After irradiation the defects were introduced. 
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1.        Introduction 

 

Today, all concepts of energy and energy extension have strategic importance. 

Increasing energy demand and limited energy resources have the whole world to seek 

clean and safe energy (Yıldırım et al., 2016; Beril Tugrul et al., 2016; Buyuk et al., 

2013). In today's world where energy is used as a criterion of development, the correct 

use of energy resources is always the main item for all developed or non-developed 

world states (Buyuk et al., 2014; Tashmetov et al., 2019). World energy consumption is 

increasing mainly through the series of activities that people want to do to ensure their 

well-being (Mirzayev, 2020; Mirzayev et al., 2018). Considering in this context, with 

the increase in population, industrialization and technological development, energy 

demand is increasing day by day (Hashimov et al., 2019). Today, energy sources that 

are not highly renewable are used in the world. When we look at the persentage of the 

world's primary energy consumption resources, it is seen that oil, coal and natural gas 

are the first places behind it (Buyuk & Beril Tugrul, 2014; Mirzayev et al., 2020; 

Ozyurt et al., 2015; Mirzayev et al., 2018). When we evaluate the fossil fuels in terms 

of the sustainability of environmental and habitable world conditions within the 

framework of the future, the increase in greenhouse gases and carbon emissions, 

especially in the last century, cannot be ignored (Mirzayev et al., 2019; Demir et al., 

2019; Mirzayev et al., 2019). In this context, global climate changes constitute a 

separate issue that should be emphasized (Mirzayev, 2020). These global problems raise 

nuclear power plants as power generation plants other than fossil fuel power plants, 

which are base power plants and provide availability conditions in this context 

(Mirzayev et al., 2019, Zaim et al., 2016). Today, new technological applications are 
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needed for fission-based nuclear power reactors and advanced nuclear power plants, 

which are commercialized power plants (Mirzayev et al., 2020). With the increasing 

population in the 21st century as well as the developing industry and technology and in 

this context, it brings nuclear power plants as power generation plants other than fossil 

fuel power plants, which fulfill the availability conditions. For this reason, new 

technological applications are needed for fission-based nuclear power reactors and 

advanced nuclear power plants, which are commercialized power plants today (Beril 

Tugrul et al., 2015; Mirzayev et al., 2019). More than 440 nuclear power reactors with a 

capacity of approximately 350 GWe have been operated in 31 different countries since 

the first commercial nuclear power reactors have been in operation since 1950 (Demir et 

al., 2019). In addition to these facilities, there are 245 research reactors in 55 countries 

in total, which make up approximately 11% of the electricity produced reliably 

worldwide without releasing carbon and 60 reactors are currently under construction 

(IAEA, 2018). In the USA, there are 99 nuclear reactors in operation which meets 20% 

of its electricity generation from nuclear facilities in 2017 and 2 Nuclear reactors are 

still under construction (Demir et al., 2019; Agayev et al., 2020; Aliyev et al., 2020; 

Demir et al., 2019). In Russia, which provides approximately 18% of the electricity 

generation from nuclear power plants, 35 nuclear reactors are in operation and 7 nuclear 

reactors are under construction. On the other hand, in France, which is one of the 

leading countries of Europe in terms of nuclear technology, 58 Nuclear power reactors 

are in operation and constitute 71.6% of the electricity production in the country 

(NUCLEAR Power Reactors in the world, IAEA, 2018). After the Fukushima nuclear 

accident, it closed 7 nuclear reactors and has 7 nuclear operations in Germany, and 13% 

of the electrical energy produced consists of nuclear power plants (IAEA, 2018). 

 

2.      Method of calculation 

 

Tungsten composites were fabricated in the Particulate Material Laboratories of 

Istanbul Technical University using the mechanical alloying (MA) technique. The green 

bodies were sintered at 2550 °C for 2 h in a Linn
™ 

HT-1800 high-temperature 

controlled atmosphere furnace with a heating and cooling rate of 5 °C/min under 

vacuum followed by inert Ar and reducing H2 gas conditions. All the samples, which 

were irradiated during this investigation had a thickness in the range of 250±10 μm. The 

samples under statistical conditions (atmospheric pressure) irradiation was performed 

with 2.5 MeV 
3
He

+
 ions (5.0×10

20
 ions/cm

2
) at room temperature at Frank Laboratory 

for Neutron Physics Joint Institute for Nuclear Research (JINR) in Dubna, Russia. 

The temperature of the samples during irradiation did not exceed 50 °C (Buyuk, 2019; 

Ozyurt et al., 2018; Buyuk et al., 2012; Durmaz et al., 2014; Buyuk et al., 2015). The 

surface morphology (SEM) of samples were carried out at the room temperature using 

Scanning Electron Microscope (SEM) / HE-SE2 detector (ZEISS, ΣIGMA VP). SEM 

was also used to investigate particle size and microstructural of samples, which was 

performed under vacuum condition at 10
-7

 Pa generated by turbo-molecular pumps. The 

AFM analaysis of irradiated samples was investigated by using an atomic force 

microscope (Oxford Instruments, Jupiter XR, Asylum Research). 
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3.       Results and discussion 

 

Tungsten matrix composite materials were evaluated under four main titles as 

vanadium carbide (VC), titanium carbide (TiC) added tungsten carbide materials in 

different proportions by mass. Tungsten matrix composite materials specially produced 

in Istanbul Technical University Chemistry-Metallurgy Faculty, Metallurgical and 

Materials Engineering Department are given below. W- 6wt% VC- 2wt% TiC- 1wt% C. 

Vanadium carbide (VC), titanium carbide (TiC) and carbon (C) added materials added 

to the tungsten main matrix with different percentages are produced using mechanical 

alloying technique at different alloying times such as 6, 12, 24 hours (Akkas et al., 

2015; Ertuğrul et al., 2018; Ertuğrul, 2017). The purity and initial dimensions of 

tungsten and additional additives used in experimental studies are shown in Table 1. 

 
Table 1. Properties of materials used in experiments 

 

Material Purity % Grain size (µm) 

Tungsten (W) 

Vanadium carbide (VC) 

Titanium carbide(TiC) 

Carbon (C) 

99.9 

99.9 

99.9 

99.9 

17 

16 

15 

21 

 

The studied materials were produced by using mechanical alloying technique in 

the SpexTM 8000D grinder using 1200 rpm tungsten carbide balls (6.35 mm diameter) 

and pressed under the pressure of 500 MPa with APEXTM 3010/4 hydraulic press. 

These pressed materials were sintered in LinnTM HT-1800 high temperature furnace 

for 1 hour at 1750 ºC (Demir et al., 2017; Beril Tugrul et al., 2015; Demir et al., 2014; 

Baytaş et al., 2013). Table 2 shows the codes, weight percentages, mechanical alloying 

times and properties of composite materials obtained by adding VC and VC-TiC to the 

tungsten matrix. 

 
Table 2. Codes and properties of W-C-VC-TiC composite materials 

 

Material 

code 
W (weight%) 

VC 

(we.%) 

TiC 

(we.%) 

C 

(we.%) 

Density 

(g/cm3) 

Duration 

of M.A 

(hour) 

Diameter of 

samples (cm) 

6V 

12V 

24V 

6VT 

12VT 

24VT 

93 

93 

93 

91 

91 

91 

6 

6 

6 

6 

6 

6 

- 

- 

- 

2 

2 

2 

1 

1 

1 

1 

1 

1 

16.80 

16.50 

16.46 

16.21 

15.56 

15.44 

6 

12 

24 

6 

12 

24 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

 

Images of these studied materials were obtained and examined by scanning 

electron microscope (SEM). In this context, basic physical properties such as dispersion 

and homogeneity of powders were evaluated. Fig. 1 shows the images obtained by 

scanning electron microscopy (SEM) of W- 6wt% VC- 1wt% C and W- 6wt% VC- 

2wt% TiC- 1wt% C composite materials produced by 6- hour mechanical alloying. 
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Fluctuation dynamics on the surface of samples were determined. The 

distributions on the surface of samples for irradiation doses are shown in Fig. 1. The 

results revealed that the distributions of sample were homogeneous on the surface. On 

the other hand, the distribution of elements on the surface was more homogenous 

compared to carbon alloys. In addition, it has also been reported to be technically 

difficult to completely remove these elements during the synthesis of samples. HE-SE2 

detector was used to determine the chemical structure of the irradiated materials. As can 

be seen in Figure 1, although there is some homogeneity in the distribution of the 

elements, it is not the case for each element. Furthermore, although the sample has a 

high degree of purity, the emergence of the oxygen element in the analyses after ion 

irradiation concludes from the result of the chemical reactions forming the molecular 

oxygen. It should be noted that the SEM images of the samples were not taken during 

the ion irradiation. All measurements were performed at room temperature after 

irradiation. In the Figure 2 shows the 2D surface morphology images of tungsten alloys 

compounds initial and high energy helium ions irradiated dose at room temperature: A-

initial part and B-irradiated part sample. 

 

A-initial part 

 

B-irradiated part sample 

 

Fig. 1. SEM images of tungsten alloys compounds A-initial and B-after high 

 energy helium ion irradiation 
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AFM images of tungsten alloys compounds samples are shown in Fig. 2. It should 

be noted that the AFM images of the alloy’s samples were not taken during the ion 

irradiation. All measurements were performed at room temperature after irradiation. 

Degradation on the surface of the ion-irradiated tungsten alloys compounds was 

observed as can be seen from Fig. 2. The occurrence of amorphization of tungsten 

alloys compounds was seen in ion irradiation dose. The size of white clouds was 

measured and was found to be 20 µm while the particle size of tungsten compounds was 

5 µm. 

 

 
A 

 
B 

 

Fig. 1. AFM images of tungsten alloys compounds A-initial and B-after high energy 

 helium ion irradiation 
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4.      Conclusion 

 

In the present work, W-C-VC-TiC composite materials samples were irradiated 

~2-3 MeV with high energy ions beams of 5.0×10
20

 ions/cm
2
 at the room temperature 

and density of ions beams was 0.03 μА.  Specific surface area of the tungsten sample at 

a room temperature range for the non-irradiated sample the dimension of grains of 

different sizes in local locations is visible. Obviously, the initial sample contains 

swelling of different sizes and after irradiation increased of grains sizes. During helium 

irradiation, the large grains were “adsorbed” by small and medium grains. This process 

for multilayers samples is named “effects of grains transition”. As a result, different size 

irradiation swelling was a formation of a larger affected cascade. 
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