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Abstract — The paper represents investigation on the synthesis of carbon nanotubes by chemical vapor deposition. The products of
thermal decomposition of polyethylene waste were used as source of carbon. The influence of the decomposition temperature of
polyethylene on the carbon nanotubes synthesis was provided. Cenospheres, preliminarily impregnated with aqueous solutions of
nickel and cobalt nitrates, were applied as catalysts for carbon nanotubes synthesis. It was determined that in the framework of
research, the best results for CNTs production were achieved at polyethylene decomposition temperature of 450 °C with catalyst
based on cenospheres impregnated with nickel and cobalt nitrate solutions.
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1. Introduction

Synthetic polymers and products of their application are widely used in everyday life, technics, construction sector,
automotive industry and so on. About 50% of the synthetic polymers are used for disposable applications: packaging,
agricultural film and disposable consumer goods; 20-25% - for elements of the long-term infrastructure: pipes, insulating
coatings and construction materials; 25-30% - for long-term applications with intermediate service life: electronic goods,
furniture, vehicles, etc. [1]. Among the various classes of polymer waste, the leading positions are occupied by
polypropylene and polyethylene waste [2]. According to Conversio Market & Strategy GmbH [3], a high level of polymer
waste recycling in Europe could be observed in Sweden, Norway, Germany, Ireland, the Czech Republic and Spain,
whilst in the rest of EU countries, the level of processing is within 20%. Regarding developing countries, the level of
processing rarely reaches 10%.

Combining the problem of recycling polymer waste and nanotechnology development has led to the improvement
of areas related to waste recycling for the synthesis of nanomaterials, including carbon nanotubes. Carbon nanotubes
have the prospect of application for obtaining various types of composite materials [4], flexible heating elements [5] and
various other practical applications. Many factors impact on the synthesis of carbon nanomaterials from polymer waste,
in particular, polyethylene: polymer type, polymer decomposition temperature, deposition time, presence of catalysts,
the atmosphere in which the synthesis is carried out, etc. In [6], the authors carried out a comprehensive study of the low-
density polyethylene decomposition process in the temperature range of 300-800 °C. The authors presented that main
decomposition products are: ethylene, propylene, isobutylene, 1-hexene and heptane. Application of various types of
catalysts demonstrated that, in the absence of catalysts, the main decomposition product is ethylene, with neutral Al,Os
and SiO», the main decomposition products are ethylene and 1-hexene and, finally, in case of zeolite, the content of 1-
hexene exceeds the ethylene and other decomposition products.

In the article [7], the authors used three types of polyethylene as a carbon source to synthesize carbon nanomaterials
using the CVD method with catalyst made of iron nanopowder in the temperature range of 550-1050 °C in Hz, N2, and
Ar. Consequently, the authors discovered that high-density polyethylene allows to generate the maximum yield of carbon
nanomaterial. Furthermore, it was shown that at 1050 °C comparatively higher amount of multi-walled carbon nanotubes
(MWCNT) with an insignificant content of carbon nanospheres could be obtained. In [8], the authors used various types
of polymer waste to synthesize carbon nanotubes: high-density polyethylene, polypropylene, etc. The decomposition
temperature of polyethylene was 700 °C; the synthesis time was 30 minutes.
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2. Experimental part

In present work household garbage (plastic bags) was used as an initial material. In the beginning the polyethylene
waste was pre-crushed and subjected to cleaning. Cleaning was carried out by washing the crushed sample with hot water
and surface-active substances. After washing, the samples were dried under normal conditions. At the end of the drying
process, the crushed samples were melted without chemical degradation in a porcelain dish by heating at temperatures
up to 130 °C in order to obtain compact samples of polyethylene which could be conveniently loaded in the reactor.

To investigate the decomposition process, a three-zone furnace with a quartz reactor was used. The inner diameter
of the pipe is 6 cm, length is 120.7 cm. A study on the effect of temperature on the decomposition process of polyethylene
was provided. The process of decomposition of polyethylene wastes in the temperature range from 200 to 450 °C was
investigated as well. It was established experimentally that at 200 °C there is no thermal destruction of polyethylene
waste and only slight sintering of the patterns could be observed. At a temperature of 300-350 °C a slight destruction of
the sample occurs, however, this temperature is not enough for complete destruction of polyethylene waste. Thus, it was
experimentally determined that at the temperature of 400-450 °C, complete thermal destruction of the original
polyethylene samples proceeds. Thermal decomposition of polyethylene waste occurs with release of white smoke with
a specific smell. As a result, thermal decomposition of polyethylene without oxygen access resulted products, which
subsequently were subjected to cold extraction for further IR analysis.

Synthesis of carbon nanotubes was performed by thermal destruction of polyethylene waste. Synthesis process was
carried out in a three-zone furnace. In the first zone, a quartz cuvette with polyethylene samples with a mass of 4 g was
installed, where the temperature was set at 400-450 °C. Cenospheres (P'io0500) Were used as a catalyst basis for the
synthesis of CNTs. Optical microscopy images of cenospheres are presented in Figure 1.

Fig. 1: Micrographs of cenospheres at different magnifications.

The cenospheres, which were used as the basis for the catalyst, are hollow spherical structures. Their sizes vary in
the range from 100 to 500 microns. The composition of cenospheres: SiO; — 58-68 %, Al,O3 — 32-38 %, Fe;,0; — 1.4-2
%, CaO — 1.9 %, MgO — 1 %, K,O+NazO - no more than 1.5 %. Cenospheres melting point is 1350-1500 °C. The wall
thickness of the microsphere diameter is 5-10 %.

In order to prepare the catalyst 10 g of cenospheres were impregnated with an aqueous solution of nickel nitrate,
cobalt nitrate or their mixture with a concentration of 100 g/l. Next, the catalyst samples were dried at 70 °C for 2-3 hours
until complete removal of moisture. Quartz cuvettes with a catalyst weight of 1-2 g were installed in the third furnace
zone. The temperature in the second and third zones of the furnace were set at 700 and 800 °C, respectively. Nitrogen
with a flow rate of 540 cm3/min was applied as a transport gas. Synthesis time was 30 min. During the synthesis, nickel
and cobalt nitrates had decomposed to form nickel and cobalt respectively.

3. Result and discussion

Figure 2 shows the SEM images of the sample obtained on the nickel/cobalt cenospheres at a decomposition
temperature of polyethylene of 400 °C.
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Fig. 2: A sample of carbon material on Ni/Co catalyst at 400 °C.

As could be seen from the SEM images carbon nanomaterial of amorphous structure was produced on the
cenospheres surface. Thus, temperature of 400 °C is not enough for the synthesis of nanotubes.

Figure 3 shows the SEM images of the sample obtained on the cobalt cenospheres at a decomposition temperature
of polyethylene of 450 °C.
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Fig. 3: A sample of carbon material on the Co catalyst at a temperature of 450 °C.

As can be seen from the results of SEM analysis, due of the synthesis, cenospheres were coated with carbon
nanomaterial, which mainly consists of an amorphous phase. Besides that, a small number of carbon nanotubes with a
diameter of 60-70 nm could be observed.

Figure 4 represents SEM images of the sample obtained on nickel/cobalt cenospheres at polyethylene decomposition
temperature of 450 °C.
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Fig. 4: A sample of carbon material on Ni/Co catalyst at 450 °C.
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It could be noticed from SEM images, that as a result, the surface of cenospheres is coated with carbon nanotubes
with diameters from 40 to 100 nm. Besides that, there are small inclusions of amorphous phase and one-dimensional
nanostructures in the form of fibers with a diameter of ~ 300 nm.

4. Conclusion

The study of the effect of polymer waste decomposition on the synthesis of carbon nanotubes showed that the
process of decomposition of polyethylene waste begins with a temperature of 400 °C, but the optimum temperature for
synthesis of carbon nanotubes is 450 °C. During the synthesis process, Ni/Co catalysts based on cenospheres
demonstrated the best catalytic activity. In that case, the content of amorphous phase impurities is minimal; the diameter
of carbon nanotubes varies from 40 to 100 nm.
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