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Abstract: The object of the study was carbon particles obtained by the method of self-propagating high-temperature synthesis. 

The purpose of the work is the development of compositions and technologies for obtaining competitive composite materials modified with 

low-dimensional carbon modifiers based on vegetable raw materials. 
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1. Introduction 

According to the literature data, the formation of 

nanodispersed particles by the method of self-propagating high-

temperature synthesis makes it possible to obtain low-sized particles 

with properties that differ from those of bulk carbon materials. The 

resulting nanosized particles have a high adsorption activity, large 

specific surface area. The studies performed have shown that, 

depending on the technology for the formation of these particles in 

the reactor, it is possible to control the morphology and lateral sizes 

of the particles, which in the future will make it possible to 

purposefully change the activity of these particles. 

The activity of nanosized particles obtained by self-

propagating high-temperature synthesis is due to the imperfection of 

the formed nanocrystals. 

So, for example, if we consider a zero-dimensional, point 

defect located in a crystal at a distance of no more than 5–7 atomic 

layers, then an area with mechanical stresses appears on the surface 

due to violations of atomic mutual configurations. In connection 

with this, a region with a changed potential appears on the crystal 

surface. The appearance of these surface defects leads to the 

appearance of surface active centers (SACs). The interaction of 

PACs with the molecules of the substance adjacent to them are 

electromagnetic in nature. The presence of an electric charge is not 

a prerequisite for the appearance of surface active centers.. 

At present, one of the promising classes of modifiers for 

polymeric materials is carbon nanomaterials (CNMs). This 

classification includes the following substances: detonation 

nanodiamond, graphene, graphene oxide, graphene nanoplates, 

single-walled carbon nanotubes, multi-walled carbon nanotubes, 

fullerenes [1] - [4] of unique properties. In particular, detonation 

nanodiamonds have thermal conductivity and hardness close to 

single-crystal diamond. Single-walled carbon nanotubes and multi-

walled carbon nanotubes have high physical and mechanical 

characteristics. The values of the modulus of elasticity for these 

substances can reach 1.7 - 3.8 TPa, depending on the type of 

material, and the values of thermal conductivity along the axis of 

the tube are estimated 

~ 3000 W/m K. Graphene has similar physical and mechanical 

characteristics: thermal conductivity - 5000 W/m K, Young's 

modulus - 1 TPa, specific surface area - 2630 m2/g. 

Detonation diamonds were first synthesized in the USA in 1961. In 

the USSR, this class of materials was obtained at UNIITF in 1962. 

Detonation diamond particles are geometric objects with a lateral 

size of about 10 nm. The production of this class of substances can 

be carried out both by blasting technology with a negative oxygen 

balance, and by mechanical grinding of natural and synthetic 

diamonds. 

Fullerenes were discovered in 1985, but the theoretical justification 

for the existence of these particles was given back in the 70s of the 

last century. This class of materials represents molecules of 

composition Cn, where n>20, which consist of closed convex 

polyhedra with pentagonal and hexagonal faces. Fullerenes are 

synthesized by the electric arc method, which is characterized by a 

low yield of the product required for industrial use, which 

determines a rather high cost per gram of material. 

In 1991, single-walled carbon nanotubes were synthesized. This 

allotropic form of carbon is hollow rods consisting of hexagons, at 

the tops of which there are carbon atoms and up to several tens of 

nanometers in diameter. The main methods for obtaining this class 

of materials are laser dispersion of a graphite target, the effect of 

electric spark discharges on a carbon material, and the formation of 

nanotubes in vacuum using plasma-chemical methods. However, 

the above methods are inefficient. Therefore, to obtain nanotubes on 

an industrial scale, the method of chemical deposition of carbon 

tubular particles from the gas phase is used [1] – [7]. Multi-walled 

carbon nanotubes are obtained by a similar method. 

Graphene was obtained in 2004 by exfoliation and subsequent 

deposition on the surface of silicon oxide. Graphene is a flat layer 

of sp2-hybrid carbon atoms one atom thick, forming a hexagonal 

lattice. Graphene nanostructures are understood as materials 

consisting of 2 – 100 graphene layers. For the synthesis of graphene 

nanostructures, the following technological approaches are used: 

“bottom-up”, “top-down” [1-7]. 

 

2.1. Preconditions and means for resolving the problem 
 

In the course of the studies, the morphology of carbon 

nanoparticles obtained using the technology of self-propagating 

high-temperature synthesis from various raw materials was 

evaluated. It has been established that the technology of obtaining 

and the prehistory of the sample has a significant impact on the 

morphology of the formed carbon nanoparticles. 

In most cases, nanodispersed carbon particles obtained by the 

SHS method, due to their high activity, form agglomerates that 

are quite stable. These formations are in the micron range of 

dimensions, which is confirmed by the data of scanning electron 

microscopy. Thus, these objects can be studied by optical 

microscopy. Figures 1 - 3 show agglomerates of carbon particles 

produced by the SHS method from various materials with 

different content of combustible matter. 

 

 

 

 

  
а)    b) 
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c)    d) 

 

a – ultrafine diamond-containing graphite, b – graphene 

nanoplates, c – nanodispersed carbon particles obtained from starch, 

d – multilayer carbon nanotubes 

 

Figure 1 - Morphology of nanodispersed carbon particles 

obtained by the method of self-propagating high-temperature 

synthesis 

 

Carbon nanodispersed particles were obtained by the 

method of self-propagating high-temperature synthesis (SHS) . This 

technology for obtaining nanocarbon particles is exothermic due to 

the occurrence of chemical processes such as combustion. The 

combustion process is autowave, flowing through a mixture of 

reagents with the formation of solid carbon end products of various 

dispersion. An exothermic reaction occurs in the process of 

supertemperature self-propagating synthesis, and this process is 

localized in a narrow range. The heating temperature of the initial 

material for the implementation of structural transformations in the 

initial mixture can reach 2000–3000 °C, depending on the initial 

raw material and combustible materials that make up the mixture 

for SHS synthesis. As a result, the high-temperature front of SHS 

synthesis passes from layer to layer of the initial charge. This is an 

advantage of the technology of self-propagating high-temperature 

synthesis, which consists in using the heat of chemical reactions 

released in the heating zone of a substance, instead of volumetric 

heating of the entire material from an external source. This 

technological feature of the SHS method makes it possible to 

successfully compete with the widespread energy-consuming 

technologies for obtaining nanosized carbon particles. 

The studied nanodispersed carbon particles were obtained 

on the basis of the principle of nanoparticle formation known as 

"bottom-up". As a result of applying this approach, the structure of 

the organic material changes with the formation of various carbon 

structures: graphite, diamond, fullerene, graphene, graphane, 

nanotubes, etc. The existing alternative technology for creating 

carbon nanoparticles is the "top-down" technology, the advantage 

of which is the low cost of the process, relative technological 

simplicity, and the ability to obtain large volumes of synthesized 

material. 

The application of the principles of formation of carbon 

nanodispersed structures "bottom-up" makes it possible to obtain 

carbon structures of various dispersity. Usually, dispersion is 

understood as the reciprocal of the average geometric dimensions of 

the object under study. According to one of the classifications of the 

geometric dimensions of objects, they can be divided into 

molecular, highly dispersed and coarsely dispersed. Based on this 

classification, it can be seen that these systems will differ 

significantly in their physical, mechanical, and chemical 

characteristics. Thus, the study of the dispersity distribution of 

formed nanodispersed carbon particles by the SHS synthesis 

method will make it possible to predict the properties of both the 

obtained nanocarbon particles themselves and composite materials 

using this type of substances as a modifier. 

As objects of research, the dispersion composition of the 

following carbon particles was studied: carbon agglomerates 

obtained by the method of self-propagating high-temperature 

synthesis from cellulose with a percentage of the starting material to 

a combustible substance of 30:70% wt.; carbon agglomerates 

obtained by the method of self-propagating high-temperature 

synthesis from starch with a percentage of the starting material to a 

combustible substance of 30:70% wt. The research results are 

presented in figures 1 - 3. 

 

  
a) 

 
b) 

a – SEM image of the test substance, including after the analysis; b 

- percentage distribution of carbon particles by size in the test 

sample 

 

Figure 2 - The results of the dispersion analysis of carbon particles 

obtained by the method of self-propagating high-temperature 

synthesis from cellulose with a percentage of the starting material to 

the combustible substance of 30:70% wt. 

 

  
a) 

 
b) 

 
a – SEM image of the test substance, including after the analysis; b 

- percentage distribution of carbon particles by size in the test 

sample 

 

Figure 3 - The results of the dispersion analysis of carbon particles 

obtained by the method of self-propagating high-temperature 

synthesis from starch with a percentage of the starting material to 

the combustible substance of 30:70% wt. 
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To carry out dispersion analysis of nanodispersed carbon 

particles obtained by SHS synthesis, we used the method of 

scanning electron microscopy, which makes it possible to obtain 

images of particles with a resolution in the nanometer region. For 

image processing, a specialized program "AutoScan" produced by 

CJSC "Spectroscopic Systems" was used. According to the size of 

carbon nanoparticles, they were divided into 5 classes: class 1 - 

from 300 nm to 400 nm, class 2 - from 200 nm to 300 nm, class 3 - 

from 100 nm to 200 nm, class 4 - from 50 nm to 100 nm, Class 5 - 

less than 50 nm. 

In the course of the conducted studies, it was found that as 

a result of the use of self-propagating high-temperature synthesis 

for the processing of organic raw materials, particles of the 

nanometer range with different dispersion distributions are formed. 

The dispersity of the studied samples depends on the organic raw 

materials used. 

It is shown that, depending on the methodology for the 

formation of carbon particles, various structures are formed with 

characteristic properties inherent only to them. Thus, the formation 

of diamond-like structures, fullerenes, fullerites, carbon nanotubes, 

rods, disks, graphenes, etc. is possible. These materials differ 

significantly in properties from each other. The disadvantage of the 

considered technologies is, in most cases, the high cost of the 

obtained particles, as well as the low yield of carbon nanocluster 

structures. In some cases, environmentally harmful technologies are 

used. In this connection, the use of the technology of self-

propagating high-temperature synthesis will make it possible to 

obtain carbon nanoparticles of various nomenclature in large 

quantities. The use of the SHS method will make it possible to 

obtain nanosized cluster structures not only of carbon, but also of 

materials consisting of other chemical elements of the periodic 

system of D.I. Mendeleev. The main advantage of the SHS method 

is its sufficient simplicity and environmental safety. Using the 

method of self-propagating high-temperature synthesis, it is 

possible to obtain low-sized particles with properties different from 

those of bulk carbon materials. The resulting nanosized particles 

have a high adsorption activity, large specific surface area. The 

studies performed have shown that, depending on the technology 

for the formation of these particles in the reactor, it is possible to 

control the morphology and lateral sizes of the particles, which in 

the future will make it possible to purposefully change the activity 

of these particles. The activity of nanosized particles obtained by 

self-propagating high-temperature synthesis is due to the 

imperfection of the formed nanocrystals. So, for example, if we 

consider a zero-dimensional, point defect located in a crystal at a 

distance of no more than 5-7 atomic layers, then a section with 

mechanical stresses appears on the surface due to violations of 

atomic mutual configurations. In connection with this, a region with 

a changed potential appears on the surface of the crystal. The 

appearance of these surface defects leads to the appearance of 

surface active centers (SACs). The interaction of PACs with 

molecules and substances adjacent to them are electromagnetic in 

nature. It is shown that in the process of self-propagating high-

temperature synthesis, the formation of combined particles of the 

DND-CNT, CNT-CND (carbon nanodiscs) type occurs; in some 

cases, the formation of structures such as graphene and graphene 

nanoplates, lonsdaleite is possible. 

In the course of the conducted studies, it was found that as 

a result of the use of self-propagating high-temperature synthesis 

for the processing of organic raw materials, particles of the 

nanometer range with different dispersion distributions are formed. 

The dispersity of the studied samples depends on the organic raw 

materials used. 
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