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Abstract. The purpose of the study is to study the possibility of obtaining 

nanocarbons in a catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2% 

Mo/HSZ and to check the texture characteristics of the catalyst and 

nanocarbon. The research method is a catalyst containing 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ prepared by precipitation of 

nitrates of the corresponding metals. The method of examination is 

electron microscopy. The morphological composition of the samples was 

performed by scanning electron microscopy (SEM) on a device "JEOL 

JSM-6390 LA" equipped with an energy dispersion X-ray microanalysis 

unit (EDX). We place the sample on double-sided carbon conductive tape 

glued to a copper-chrome table. Then we vacuum it in the instrument 

chamber. Microphotography recording was performed at 5-25 kV working 

distances and 8-10 mm under accelerating voltage. EDX spectra were 

recorded at 20 kV, with a working distance of 10 mm. The microstructure 

of the samples was examined by scanning electron microscopy. The JEOL 

2100F used an accelerating voltage of 200 kV. The samples were 

dispersed, processed in ultrasound with methanol, and rubbed on a copper 

wall. The catalysts were preheated and passivated at 400 ℃ for 4 h at a 

30 ml/min flow of nitrogen. Recycled catalysts are also 2% by volume in 

an oxygen-argon mixture. The O2/Ar reaction was inactivated at room 

temperature after cessation. The average size of the metal particles and the 

diameter of the carbon nanotubes were determined in the Image-ProPlus 

program. We calculated the average size of 500 particles for each catalyst, 

and 100 carbon nanotubes were processed to measure the average diameter 

of the carbon nanotubes. After synthesis and functionalization of carriers in 

the catalyst 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ, the nanocarbons 

were condensed, and their outer diameter remained unchanged and 

amounted to 10-30 nm. Carbon nanotubes range in diameter from 5 to 

15 nm, depending on the size of the metal particles, and in length from a 

few microns. The main conclusions are that the highly dispersed metal 

particles located at the ends of the nanotubes are an important factor in the 

growth of nanotubes. Larger iron particles are characterized by changes in 

the diameter of carbon nanotubes during growth. At the beginning of 

growth, the diameter of such a nanotube is 30...50 nm; however, it 

decreases to 5...15 nm. 
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1 Introduction 

Carbon materials are very diverse and are widely used in a variety of industries. Successful 

development of aerospace, automotive and aircraft, mechanical engineering, and medicine 

is impossible without carbon materials or materials derived from them. Carbon nanotubes 

have unique mechanical properties, offering various applications [1-2]. Carbon nanotubes 

are a sensitive element of composite reinforcing or functional filler, catalyst and catalyst 

carrier, hydrogen sorbent, accumulator material for tunnel scanning probes, atomic power 

and magnetic force microscopy, and gas analyzer nanosensors.  

In addition to conventional sources, carbon can also be obtained from petroleum gases 

and other industrial wastes. The amount of combustion released into the Earth's atmosphere 

due to oil and gas combustion alone is 0.5 million tons per year [3]. The combustion of 

petroleum gas leads to thermal pollution of the environment [3-5]. In addition to direct 

combustion, there are several options for using petroleum gas. Among these options can be 

distinguished by the direct use of petroleum gas and its processing [6]. 

There are two main directions for using petroleum gas: 1) as a fuel and 2) as a raw 

material for petrochemistry [7-9]. 

In addition, it is possible to organize the production of motor fuel in the fields, the 

development of the gas-chemical industry and the production of new products from oil and 

gas raw materials [10-13]. When a gaseous hydrocarbon mixture is catalytically 

decomposed, carbon nanomaterials and hydrogen are formed. Hydrogen, in turn, is used 

effectively in the petrochemical and pharmaceutical industries. Hydrogen is an 

environmentally friendly energy carrier. When hydrogen is compared to other energy 

sources, its advantages are noticeable. For example, hydrogen is highly efficient and 

environmentally friendly (harmless to humans and nature). Hydrogen has great potential for 

future use, especially fueling vehicles and fuel cells. [14]. 

Developing promising materials for hydrogen storage is one of the most important tasks 

in improving the hydrogen economy [15-17]. One such effective and attractive way to store 

hydrogen is to store it in metal hydrides. Hydrides have a high density compared to liquid 

hydrogen, have a wide range of operating pressures and temperatures, and do not require 

temperature to store hydrogen. To further improve the storage properties of hydrides, other 

materials may be added to them, such as transition metals [18], oxides [19], carbon 

nanotubes [20-21], and other additives. 

Creating catalysts with high catalytic activity for producing carbon nanomaterials and 

hydrogen from carbon compounds is one of the issues that does not lose its relevance today. 

Therefore, the aim was to create catalysts with high catalytic activity and to study the 

catalytic activity of this catalyst. 

2 Methods 

A catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ was prepared by 

precipitation of nitrates of the corresponding metals [33-35]. The calculated amount of salts 

of Co(NO3)2·6H2O, Ni(NO3)2·6H2O, Fe(NO3)3·9H2O,  Cu(NO3)2·6H2O was dissolved in 

200 ml of distilled water and then precipitated with ammonia at pH = 9. The precipitate 

obtained remained under its own liquid for 30 minutes at room temperature. The precipitate 

was washed with copious amounts of water to a neutral pH. In a separate beaker, a certain 

amount of (NH4)2MoO4 is dissolved in 20 ml of distilled water; the solution is added to the 

pre-obtained precipitate, mixed, dried in a muffle furnace at 350℃ for 30 minutes and then 

at 500℃ for one hour. 

Electron microscopy (SEM) scanning the morphological composition of the samples 

was performed on a device "JEOL JSM-6390 LA" equipped with a part of energy 
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dispersive X-ray (EDX) microanalysis. We place the sample on double-sided carbon 

conductive tape glued to a copper-chrome table. Then we vacuum it in the instrument 

chamber. Microphotography recording was performed at 5-25 kV working distances and 8-

10 mm under accelerating voltage. EDX spectra were recorded at 20 kV at a working 

distance of 10 mm. The microstructure of the samples was examined by scanning electron 

microscopy. The JEOL 2100F used an accelerating voltage of 200 kV. The samples were 

dispersed, processed by ultrasound in methanol, and smeared on a copper wall. The 

catalysts were preheated and passivated at 400℃ for 4 h at 30 ml/min of nitrogen flow. The 

processed catalysts were also passivated at room temperature after the reaction in the 

oxygen-argon 2 vol.% O2/Ar mixture had stopped. We performed the average size of the 

metal particles and the diameter of the carbon nanotubes in the Image-ProPlus program. We 

calculated the average size of 500 particles for each catalyst, and 100 carbon nanotubes 

were processed to measure the average diameter of the carbon nanotubes. 

The synthesized catalysts were tested in a flow quartz reactor in the decomposition 

reactions of hydrocarbons. The process of obtaining nanocarbon from methane can be 

represented by the following scheme (Fig. 1): 

 

 
Fig. 1. Schematic diagram of the formation of nanocarbons and hydrogen from methane. 

 

The laboratory device for obtaining nanocarbon is shown in Fig. 2. 

 

 

Fig. 2. Laboratory device for nanocarbon extraction 
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3 Results and discussion 

Figure 3 shows the kinetic curve of carbon nanotubes growth in a catalyst of 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ from butadiene-1,3 diluted with hydrogen at a 

molar ratio of C4H6:H2=1:20 at a temperature of 700 ℃. 

 

 

Fig. 3. Kinetic curve of carbon nanotubes growth in a catalyst of 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ from butadiene-1.3 diluted with hydrogen at a molar ratio 

of C4H6:H2=1:20 at a temperature of 700℃. 

 

As seen from Fig. 3, the mass of the sample increased by about 22 times. Electron 

microscopic studies have shown that carbon nanotubes grow directly on the catalyst. After 

synthesis and functionalization of the carriers in the catalyst of 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ, the nanocarbons were condensed, their outer 

diameter remained unchanged and was 10-30 nm (Fig. 4). 

 

  

Fig. 4. SEM image of nanocarbons. 
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Fig. 5. Electron microscopic photograph of carbon nanotubes in a catalyst of 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ from butadiene-1,3 diluted with hydrogen at a molar ratio 

of C4H6:H2=1:20 at a temperature of 700℃. 

 

Carbon nanotubes range in diameter from 5 to 15 nm, depending on the size of the metal 

particles, and in length from a few microns. The growth of nanotubes is due to the highly 

dispersed metal particles located at their ends. Larger iron particles are characterized by 

changes in the diameter of carbon nanotubes during growth. At the beginning of growth, 

the diameter of such a nanotube is 30 ... 50 nm; however, it decreases to 5 ... 15 nm. In 

particular, it should be noted that part of the inner cavity of carbon nanotubes is filled with 

metal (Fig. 5). It is known that the diameter of carbon nanotubes is determined by the size 

of the metal particles that catalyze their growth. In this case, the diameter of the carbon 

tubes also changes due to the reduction in the size of these particles. Thus, carbon 

nanotubes of sufficiently different diameters grow on the catalyst of 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ. 

Reduction experiments were performed in a hydrogen stream to study the final state of a 

catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ after complete reduction. A 

catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ was studied by X-ray 

diffraction method after complete reduction in hydrogen for 90 minutes at a temperature of 

500, 550, 600℃ (Fig. 6). Reflexes associated with the Fe-Mo alloy were observed on the 

radiograph. It was found that the grid parameter of the metal iron increased to 2,876 Å. The 

concentration of molybdenum in solid Fe-Mo solution is 4.4 at.% or 7.5 mass.%. Using the 

half-width line, we estimated the average particle size of the Fe-Mo alloy formed after the 

reduction of a catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ in hydrogen to 

30 nm [21-25]. 
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Fig. 6. X-ray of a catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ after reduction in 

hydrogen for 90 minutes at a temperature of 500, 550, 600℃. 

 

Consequently, the oxides (MoO3 and Fe2O3) introduced into the catalyst containing 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ are returned to the metals and subsequently react 

with each other to form the Fe-Mo alloy. Enrichment with molybdenum oxide significantly 

changes the catalytic properties of the catalyst containing 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ (Fig. 7). 

 

 

Fig. 7. Pre- and post-reaction radiographs of the catalyst containing 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ. 

 

Figures 8-11 shows the first segments of the kinetic curves for the formation of carbon 

nanotubes in catalysts containing 15%Ni*5%Co*5%Fe*5%Cu/HSZ and 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ at a temperature of 700 ℃ in butadiene-1,3 

diluted with hydrogen in a molar ratio of C4H6:H2=1:20. 
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Fig. 8. Kinetic curves for forming carbon nanotubes in various molybdenum-containing catalysts 

from butadiene-1,3 diluted with hydrogen at a molar ratio of C4H6:H2=1:20 at a temperature of 700 

℃: 1 is 15%Ni*5%Co*5%Fe*5%Cu/HSZ; 2 is 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ 

 

The results show that the initial rate of formation of carbon nanotubes in the 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ catalyst is higher than that of the 

15%Ni*5%Co*5%Fe*5%Cu/HSZ-containing catalyst. However, the average size of the Fe 

particles is larger than the average size of the Fe-Mo alloy particle. Consequently, the 

addition of molybdenum reduces the rate of formation of carbon nanotubes. 

We then mechanochemically and ultrasonically activated the obtained nanocarbon. The 

results obtained are shown in the following figures. 

 

 

Fig. 9. SEM image of nanocarbons: on the left - before mechanical activation, on the right - 2 minutes 

after mechanical activation 
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Fig. 10. SEM image of nanocarbons: on the left - after mechano-chemical activation for 5 minutes in 

isopropanol medium, on the right - after ultrasonic treatment for 5 minutes in isopropanol medium 

 

 

Fig. 11. SEM image of nanogenerate obtained in 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ catalyst 

 

4 Conclusions 

1. The possibilities of obtaining nano carbons from hydrocarbons were studied in a 

catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ, and the texture 

characteristics of the catalyst used and the obtained nano carbon were studied. 

2. A catalyst containing 15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ is prepared by 

precipitation of nitrates of the corresponding metals. 

3. After the synthesis and functionalization of the carriers in the 

15%Ni*5%Co*5%Fe*5%Cu*2%Mo/HSZ catalyst, the nano carbon were condensed, and 

their outer diameter remained unchanged and was 10-30 nm. Carbon nanotubes range in 

diameter from 5 to 15 nm, depending on the size of the metal particles, and in length from a 

few microns. 

4. The growth of nanotubes is due to metal particles with high dispersion located at their 

ends. Larger iron particles are characterized by changes in the diameter of carbon 

nanotubes during growth. At the beginning of growth, the diameter of such a nanotube is 

30...50 nm; however, then it decreases to 5...15 nm. 
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