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Abstract. The aim of this work is to study the effect of new modified ingredients on the complex of 
properties of composite elastomeric materials. It was found that the introduction of modified ingredients 
into the composition of elastomeric compositions enhances interfacial interaction at the «rubber- filler» 
interface and the formation of additional bonds between rubber macromolecules and functional groups, 
as a result of which an improvement in the complex of properties of the compositions is observed. 
The introduction of modified carbon into the composition of elastomeric compositions enhances 
interfacial interaction at the «rubber- filler» interface and the formation of additional bonds between 
rubber macromolecules and functional groups of the oligomer, as a result of which an improvement in 
the complex of properties of the compositions is observed. The technology of purification of mineral 
fillers from metal oxides has been developed. A sufficiently high degree of purification by this method 
is due to the fact that in the process of temperature exposure at 950 K, iron ions from the paramagnetic 
state (d- form Fe2O3) pass into ferromagnetic (r- form Fe3O4). Feasibility and prospects of using modified 
fillers, both mineral and organic, in the formulations of rubber compounds for the production of various 
types of rubber products.
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Аннотация. Целью данной работы является изучение влияния новых модифицированных 
ингредиентов на комплекс свой ств композитных эластомерных материалов. Установлено, 
что введение модифицированных ингредиентов в состав эластомерных композиций 
усиливает межфазное взаимодействие на границе «каучук- наполнитель» и образование 
дополнительных связей между макромолекулами каучука и функциональными группами, 
в результате чего улучшается комплекс свой ств композиций. Введение модифицированного 
углерода в состав эластомерных композиций усиливает межфазное взаимодействие на границе 
«каучук- наполнитель» и образование дополнительных связей между макромолекулами 
каучука и функциональными группами олигомера, в результате чего улучшается комплекс 
свой ств составов. Разработана технология очистки минеральных наполнителей от оксидов 
металлов. Достаточно высокая степень очистки этим методом обусловлена тем, что 
в процессе температурного воздействия 950 К ионы железа из парамагнитного состояния 
(d- форма Fe2O3) переходят в ферромагнетик (r- форма Fe3O4). Возможна и перспектива 
использования модифицированных наполнителей, как минеральных, так и органических, 
в рецептурах резиновых смесей для производства различных видов резинотехнических  
изделий.
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Introduction

Thanks to fundamental research by a number of foreign and domestic scientists in the field of 
chemistry and technology of composite materials, significant progress has been achieved in creating 
them, based on flexible- rigid- chain polymers, with a wide range of properties. Meanwhile, research 
in the field of creating the physicochemical foundations of the technology for producing elastomeric 
composite materials, using ingredients that are different in nature and structure, are far from 
substantiated [1,2]. This requires a fundamentally new approach to creating high- quality ingredients, 
taking into account the specifics of their structure and properties. All this makes it possible to move 
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from empirical to scientifically grounded selection of ingredients for the production of elastomeric 
composite materials for various purposes.

Vulcanizing agents are chemically active compounds that take part in the formation of the spatial 
structure of vulcanizates. In the process of the formation of the spatial structure with an increase in 
the degree of crosslinking, there is a decrease in the number average (Mn) of polymer chain segments 
and, accordingly, an increase in the number of crosslinks per unit volume of the vulcanizate (ν). With 
a change in the degree of cross- linking, a gradual change in the properties of vulcanizates occurs. The 
equilibrium modulus with an increase in the density of the vulcanization network and in accordance 
with the molecular- kinetic theory of elasticity increases in direct proportion to the number of cross- 
links or inversely proportional to the average molecular weight of the chain segments between the 
nodes of the spatial network of the vulcanizate. The change in hardness and strength characteristics 
of vulcanizates depends on many factors. So, during vulcanization of rubbers with sulfur, depending 
on the content of attached sulfur, and hence on the density of the vulcanization network, first, up to a 
content of bound sulfur of about 5 wt. including there is an increase in tensile strength of vulcanizates. 
This vulcanizate has the properties of soft rubber. With a further increase in the content of bound 
sulfur to 10 mass.h. the strength of vulcanizates decreases, the material becomes tough, leathery. If the 
content of bound sulfur is further increased, then the strength of the vulcanizate increases again, and 
it turns into hard ebonite. This is due to the fact that when a certain degree of crosslinking is reached, 
the distance between some nodes becomes too small as a result of uneven crosslinking, which makes it 
difficult to orientate molecular chains during stretching. This leads to local overvoltages, therefore, to 
rupture of circuits in these places. A further increase in bond strength with the transition from highly 
elastic to elastic deformation and strength in this case will be due to purely chemical bonds [3–6].

With an increase in the density of the vulcanization network, the relative and residual elongations 
decrease to very small values typical for brittle materials. In this case, the elasticity changes according 
to a complex relationship: the maximum elastic properties are manifested at such a density of the 
vulcanization net, at which the maximum strength is observed for soft rubbers. In addition, the swelling 
in solvents decreases in proportion to the increase in the degree of crosslinking [7,8].

To obtain rubbers with a given set of properties, it is necessary to provide a certain degree of cross- 
linking of elastomers by introducing a certain amount of vulcanizing substances into the composition. 
In this case, the number of formed cross- links will depend on the nature of the rubber, the nature 
and content of the vulcanizing substance, the conditions of vulcanization. Some accelerators are also 
curing agents. For example, thiurams and polysulfide accelerators at the vulcanization temperature can 
cure some rubbers without the use of elemental sulfur. The activity of most accelerators increases with 
the introduction of metal oxides, stearic acid, etc. Vulcanization accelerators for one type of rubber 
can completely lose the properties of accelerators and play a different role in compositions based on 
another rubber [8, 9].

The aim of the work is to study the effect of new modified ingredients on the complex of properties 
of composite elastomeric materials.

Objects and research methods

The standard rubber compound was isoprene, styrene butadiene nitrile butadiene, chloroprene 
rubbers. The investigated fillers were Angren kaolin, bentonite of Uzbekistan, phosphogypsum, 
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wollastonite, natural burnt clay, modified carbon. Physicochemical characteristics of carbon- 
containing secondary raw materials were determined by: GOST 25699.1–93-sampling method; 
GOST 25699.2–93-specific conditional surface; GOST 25699.3–93rd iodine number; GOST 
25699.4–93-specific adsorption surface; GOST 25699.5–93-oil adsorption; The total oxygen content 
and the content of its functional groups –  lactone and quinone by pyrolysis in a stream of nitrogen, 
carboxyl and hydroxyl –  by the method of selective neutrolization with Na2CO3 and NaOH solutions. 
To isolate soluble products from carbon- containing secondary raw materials, the test sample in a filter 
paper bag was placed in a Soxhlet apparatus and extracted for 72 hours with gasoline, acetone, benzene, 
and toluene. IR spectra were recorded in the form of films on KBr-20 plates in the range of 400–2000 
sm-1. PMR spectra were recorded on a high- resolution NMR spectrometer on a superconducting 
magnet with an operating frequency for protons of 294 MHz in CCl4 or C6D6 with (CH3)4Si solutions 
as an internal standard. EPR spectra were recorded on an EPR-3 instrument at 295K. The molecular 
weight of the extraction products of carbon- containing secondary raw materials was determined on 
an EP-68 in chloroorm. The production of rubber mixtures was carried out on laboratory mixing 
rollers RC-WW 150/330 (Rubicon, Germany). The determination of the Mooney viscosity of rubber 
mixtures was carried out on a Mooney MV 2000 viscometer (Alpha Technologies, England). The 
stress relaxation test was carried out on the same samples as the Mooney viscosity, immediately after 
completing the viscosity measurement by stopping the rotor very quickly and measuring the drop in the 
final Mooney viscosity over time. The kinetics of vulcanization of rubber compounds was determined 
using an ODR2000 orheometer (Alpha Technologies, UK). Technical indicators were determined by 
the corresponding GOST.

Results and discussion

Based on the analysis of the data of numerous studies and experimental results, it has been 
established that the above- mentioned raw materials cannot be used directly in the production of rubber 
products without preliminary processing and appropriate chemical modifications. They contain up 
to 5 % iron oxide and up to 30 % water, which negatively affect the technological and physical and 
mechanical properties of elastomeric compositions and products made from them. And the main 
requirement for these materials is that their content is not more than 0.3 %. After electromagnetic 
separation and drying at 373–426K, the content of metal oxides decreases only to 2.2 %, and the 
amount of bound water decreases to 15 % [8–12].

To increase the magnetic susceptibility of weakly magnetic metal oxides (mainly Fe2O3) and 
remove bound water in the composition of the investigated fillers, the method of heat treatment was 
used. The processing of mineral fillers was carried out for different times and temperatures, then 
cleaning was carried out on an electromagnetic separator. From the data in Table 1 it can be seen 
that in order to achieve a higher degree of purification of mineral fillers, it should be subjected to 
preliminary electromagnetic separation, followed by heat treatment at T = 1000–1273 K for 60 minutes 
and electromagnetic cleaning. A sufficiently high degree of purification by this method is due to the 
fact that in the process of temperature exposure at 950 K, iron ions from the paramagnetic state (d- form 
Fe2O3) pass into ferromagnetic (r- form Fe3O4) [13, 14].

Derivographic studies have also shown that for deep dehydration of kaolin, it is sufficient to heat 
the mineral at temperatures T = 773–823 K. In the case of bentonite, the removal of adsorbed water 
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proceeds even at 363–463 K and depends on the type of cation. Removal of water and the formation of 
anhydrous clays occur at temperatures of 933–983 K [15].

Industrial waste phosphogypsum (PG) differs in chemical composition from traditional mineral 
fillers and contains mainly CaSO4, SiO2, H2O, P2O5 and other oxides of alkali and alkaline earth metals 
[16,17]. According to the data of X-ray structural analysis, crystallization water is included in the 
composition of the crystal lattice of the PG, which is lost when it is heated above 423 K, the maximum 
removal of water from the FG occurs during heat treatment at a temperature of 473 K. Under these 
conditions, a structural transformation takes place simultaneously, as indicated by disappearance of 
lines d = 5.96; 4.25 Ǻ and the appearance of the d = 3.49 Ǻ line in the diffractogram. The latter refers 
to the formed anhydride. An increase in temperature to 773 K and above leads to a more intense 
appearance of lines characteristic of anhydride. In the temperature range 1073–1273 K, the PG 
completely transforms into the anhydride (anhydrous) state. Based on this, we have chosen the range 
of calcination temperature PG 1073–1273 K. Studies have shown (Table 2) that during heat treatment 
of such natural minerals as Angren kaolin, phosphogypsum, bentonite, wollastonite, natural clay at 
1000–1273K also has place of structural changes, increasing oil absorption and specific geometric 
surface. Using the EPR method, an increase in the concentration of free radicals was established, 
indicating the formation of paramagnetic centers in the samples under study. A significant difference 
was also found between the modified fillers in the dispersibility and distribution of particles of the 

Table 1. Influence of time and temperature of treatments on the degree of purification of mineral fillers from 
metal oxides

Content of metal oxides,%

Before  
electromagnetic  

cleaning

After electro  
magnetic cleaning

Heat treatment time, min
Sample temperature. 

С 20 40 60 80

5,7 2,22

773
973
1173
1373

2,20
2,07
1,98
1,25

2,18
1,91
1,02
0,98

1,99
1,56
0,21
0,19

1,90
1,50
0,20
0,19

Table 2. Specific geometric surface and oil absorption of mineral fillers, depending on the conditions of heat 
treatment, at 1273 K, for 60 minutes

The name of indicators
Indicators*

Before heat treatment After heat treatment
B АК WL NBC PG MB MAK MW MPH МPG

Sуд, м2/г 29,1 21,2 2,1 18,3 2,2 35,4 24,2 2,9 22,2 2,9
Oil absorption ml/100g:

linseed
petrolatum

DBP

32,0
38,2
36,4

21,0
28,0
25,2

7,48
10,2
11,9

21,3
20,3
18,1

16,4
24,6
26,2

34,1
44,2
43,0

27,0
34,0
31,5

9,46
12,3
14,3

24,5
27,1
24,3

17,9
26,4
27,6

* Original B – bentonite, AK – Angren kaolin, WL – wollastonite, NBC – naturally burnt clay, PG – phosphogypsum, MB – 
Modified bentonite, MAK – Angren kaolin, MW – wollastonite, MPH – phosphogypsum.
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modified fillers in the elastomeric matrix, as compared to the unmodified ones. The best dispersibility 
and, accordingly, the highest degree of uniformity in the distribution of filler particles is characteristic 
of rubber mixtures filled with modified fillers [18–20].

Elastomers were studied by the method of static adsorption from dilute solutions in order to reveal 
the peculiarities of the interaction of macromolecules of various rubbers with particles of modified 
mineral fillers. It was found that modified mineral fillers have a higher adsorption activity to rubber 
macromolecules as compared to unmodified ones. Apparently, this effect is due to an increase in their 
specific surface area and concentration of active centers. It was found that modified phosphogypsum, 
just like chalk, exhibits low adsorption capacity; therefore, it can be concluded that these materials 
have the same specific surface area. It is noticed that depending on the type of elastomer, the value of 
the maximum adsorption value of fillers changes significantly.

As a result of the experimental studies, the following sequence of the arrangement of the studied 
mineral fillers in terms of adsorption activity to rubber macromolecules was established:

MB>MAK>NBC>MW>MPH

The results of the physicochemical analysis of carbon- containing secondary raw materials 
(production waste) indicate (Table 3) the difference in its chemical composition from the well- known 
grades of low- structural technical carbons T 900, T 701, T 705, P 803, namely, with increased oxygen 
and hydrogen content. The study of the products of extraction of carbon- containing secondary 
raw materials indicate the presence of up to 12 % of organic compounds, sized on the surface of 
carbon particles. The elemental composition was established: carbon-92.11 %, hydrogen-5.70 % and 
oxygen-2.19 %. The gross formula of the extract is С54Н40О. The number average molecular weight 
according to gel chromatography data is ≈700. IR spectroscopic studies show that the extraction 
products are combinations of condensed aromatic and paraffinonaphthenic hydrocarbons, as well 
as oxygen- containing carbonyl compounds. This, in particular, is indicated by the appearance of 
characteristic absorption bands in the region of 3050 cm-1 (stretching vibrations of C-H bonds of 
the aromatic ring), 2860, 2930 and 2975 cm-1 (stretching vibrations of C-H bonds of methylene and 
methyl groups). Absorption bands are also found at 1710 cm-1 (carbonyl group C = 0) in the carbon 
chain, and in asphaltene resins at 1730 cm-1. The absorption bands in the region of 1500–1600 cm-1 
correspond to stretching vibrations of C = C –  bonds, which are products of thermal cyclization and 
oligomerization of acetylene. Obtaining PMR spectra, in turn, indicate the presence of protons at 
d = 6.70 ppm, d = 6.85 ppm, d = 7.10 ppm, characteristic of aromatic structures and its substituted 
derivatives.

The extracted product gives a narrow single EPR signal with a PMC concentration of 1 × 1014 spin 
/ g., g is a factor close to the g factor of a free electron. It should be noted that the results of the mass 
spectrometric study also confirmed the proposed composition of the extract products. Studies have 
shown that the carbon- containing secondary raw material is modified carbon, the surface of which is 
microencapsulated with oligomeric oxygen- containing compounds. The thickness of the oligomeric 
cover, calculated from the value of the specific geometric surface, was about 50–60 E. The modified 
carbon is characterized by an increased value of the oil and iodine numbers, which is associated with 
the surface roughness (Sc = 25–30 m2 / g) and the presence of polyconjugated systems. In addition, we 
note that it is characterized by a high degree of dispersion.
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Electron microscopic studies indicate that the structure of the modified carbon particles is somewhat 
different from the particles of the original technical carbon, there are no clear boundaries of the spheroidal 
shape of particles characteristic of carbon black. However, after heat treatment at 1573 K for 1 hour (in a 
nitrogen atmosphere), its structure approaches the structure of carbon black, and the average surface 
particle diameter decreases from 30.6 to 21.5 nm. An increase in the specific geometric surface from 20.3 
to 29.3 m2 / g is observed. The latter is probably due to the process of dispersion of larger particles due to 
the volatilization of moisture and other accompanying substances during heat treatment.

Comparing the results of X-ray studies of the initial and heat- treated modified carbon, it was 
found that they are characterized by the presence of an insignificant impurity of crystalline phases. 
These phases, apparently, refer to hydrocarbons contained in its composition (up to 12 %). The main 
phase of modified carbon is a phase with a typical turbostratic structure (packing of structural element- 
graphite- like), which is proved by the characteristic asymmetric profile of diffraction fringes. The 
diffractograms of modified carbon, in contrast to the diffractogram of carbon black, are characterized 
by a rather low ordering of the turbostratic layers of layers, as evidenced by the value of Ј002 / Ј002. It 
should be noted that the interplanar spacings (d002) for carbon black are significantly lower. The degree 
of ordering of the modified carbon (parameter Ј002 / Ј002) increases with high- temperature (973–1573 
K) treatment. The sizes of the areas of coherent distance of amorphous phases are determined, the 
height is 12–0.5 Å, the size of the layers varies within 15–20 Å. The conducted studies suggest that 
the structure of modified carbon seems to be an intermediate stage in the formation of soot structures. 
It can be assumed that the use of a carbon filler finished with an oligomer coating, consisting of a 
conjugation system, makes it possible to formulate a fundamentally new approach for creating filled 
elastomeric compositions with improved properties.

It was found that the introduction of modified carbon into the composition of elastomeric 
compositions increases the carbon content of the rubber gel, the density of the mesh, the stress –  
deformation of rubbers, and the degree of swelling of the sample decreases. This is due to the presence 
of oligomer components, especially on the surface of carbon particles. In order to clarify the nature 
of the influence of oligomer fractions on the process of structure formation of rubbers, the modified 
carbon was subjected to selective extraction and carbon black P 803 was modified with the obtained 
oligomer. The introduction of modified carbon black P 803 into rubber compounds leads to an increase 
in the content of carbon rubber gel (CRG) and an increase in stress (E300) with an increase in the 
density of the mesh and a decrease in the swelling of elastomeric compositions. Presumably, this is due 

Table 3. Elemental composition of MC and some grades of carbon black

The name of indicators
Content,%

MC* Т 900 Т 701 Т 705 П 803
Carbon 88–90 96–99 96–98 96–98 97–99

Hydrogen 3–4 0,3–0,5 0,4–0,6 0,6–0,8 0,4–0,6
Oxygen 6–7 0,1–0,2 0,3–0,5 0,3–0,5 0,1–0,2
Sulfur – 0,1 0,3 0,3 0,2

Ash content 0,8–0,9 0,1–0,2 0,4–0,6 0,4–0,5 0,4–0,5

* MC – modified carbon.
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to: firstly, with an increase in the adsorption interaction of modified carbon black P 803 with rubbers, 
and secondly, the formation of additional bonds between rubber macromolecules and functional groups 
of the oligomer, confirmed by IRS, DTA, and TGA data.

Thus, we can assume that the introduction of modified carbon into the composition of elastomeric 
compositions enhances interfacial interaction at the rubber- filler interface and the formation of 
additional bonds between rubber macromolecules and functional groups of the oligomer, as a result of 
which an improvement in the complex of properties of the compositions is observed.

Physicochemical properties of fillers significantly affect the basic technological and physical and 
mechanical properties of elastomeric compositions. When studying the process of mixing rubbers of 
various nature with modified fillers (MB, MV, MAK, NBC, MU and MFG), the distinctive behavior 
of these fillers in non- crystallizing rubbers SKMS-30RP and SKN-18 was established. It is noted that 
in the process of mixing SKMS-30RP rubber with 100 wt.h. MAC, 60 parts by weight MB, 80 parts 
by weight GLEE and 60 wt.h. MV appears on the plastogram a second maximum, depending on the 
mixing time: φ = 14–16, 16–18, 13–14 and 14–15 minutes, respectively. In the case of 50 wt.h. MU 
SKN-18 maximum is observed at f = 6–9 minutes, which is associated with the end of the process of 
dispersion of fillers and the formation of a homogeneous mixture. The appearance of this effect is due 
to the manifestation of special interactions at the rubber- filler interface (Fig. 1).

It is shown that the increased rubbing and absorption in the elastomer of the studied modified 
fillers in comparison with unmodified and commercially used fillers, which are characterized by 
lower values of the amplitude of torque oscillations. This, in turn, leads to better workability and 
plasticity of rubber compounds. It was found that this circumstance is due to the physicochemical, 
structural features of the modified mineral fillers, and in the case of modified carbon, the presence 
of an intermediate oligomeric layer that plays the role of a sizing agent. In favor of this assumption, a 

Fig. 1. Plastograms of the kinetics of the change in torque in time during the displacement (DDis) of 40 wt.h. IB 
(a) and MOB (b) per 100 wt.h. rubber SKMS-Z0ARP
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decrease in the time and temperature of mixing elastomeric compositions filled with modified fillers is 
indicated in comparison with unmodified and commercially used ones.

The study of the rheological properties of filled elastomeric compositions showed that the lower 
the shear stress (Ũ), the greater the manifestation of the effect of the filler on the effective viscosity 
(EE) of the mixture. At the same time, the introduction of modified mineral fillers into the composition 
of the elastomer leads to an increase in the ZE of rubber compounds as they are filled. This is especially 
true in the case of highly dispersed bentonite and Angren kaolin.

The values of the apparent activation energy (E) of the viscous flow of elastomers filled with the 
investigated fillers were determined. A significant difference was found in the behavior of modified 
bentonite and Angren kaolin in non- crystallizing rubber SKMS-30RP, characterized by a high value of 
E viscous flow (64.3 and 56.6 kJ / mol). For comparison, we can note the system containing the original 
bentonite and Angren kaolin (42.7 and 40.8 kJ / mol). This behavior of modified bentonite and Angren 
kaolin is possibly related to structural features, as well as more efficient interaction at the rubber- filler 
interface.

It was found that with an increase in the filler content in the rubber, the recoverability of the 
rubber mixture after deformation significantly decreases. At the same time, the ability of the system to 
accumulate the energy of elastic deformation, i. e. swelling of the extrudate (Pe), largely depends on 
the specific geometric surface (Ssp) of the fillers. So, for example: when filling the rubber with 60 wt.h. 
with modified bentonite, Angren kaolin and phosphogypsum, the swelling of the extrudate (Re) from 
unfilled rubber is reduced by 545, 510 and 250 % (for SKI-3); 360, 325, and 310 % (for KR-50 nairite), 
respectively. The ability of the system to accumulate the energy of elastic deformations decreases with 
an increase in the content of the filler according to the value, its Ssp. According to the influence of the 
rheological properties of elastomeric compositions, the fillers studied by us, in accordance with the 
values of E, and Re, can be arranged in the following row:

MB > MAK > NBC > MC > MPH

Plasto- elastic properties of filled rubber compounds with modified fillers have shown that in 
terms of their technological parameters, they practically do not differ from commercially used mineral 
fillers. However, at high degrees (more than 30 parts by weight per 100 parts by weight) of rubber 
filling, it will be necessary to take into account the specific surface area of modified bentonite, Angren 
kaolin and natural burnt clay, which contributes to a more significant increase in the effective viscosity 
of rubber compounds.

It has been established that the introduction of modified carbon and natural burnt clay into the 
composition of the composition increases the confection stickiness of rubber mixtures, in comparison 
with carbon black P803 and EK. For example, when filling 50 wt.h. rubbers SKI-3, Nairite KR-50, 
SKMS-30RP and SKN-18 MU and NBC; the confection stickiness of rubber mixtures is 2.15 and 1.86 
kN / m: 1.60 and 1.12 kN / m; 2.20 and 1.81 kN / m; 1.40 and 1.21 kN / m, respectively. It is noticed that 
in the case of using phosphogypsum as a filler, in the formulations of rubber compounds, it manifests 
itself as very inert, similar to chalk.

In the case of modified carbon, this effect increases with an increase in its content, and vulcanizates 
are characterized by higher tensile strength (Fр), compared to rubber containing P803 carbon black. So, 
for example, with a content of 40 wt.h. MU and carbon black P803 in the composition of elastomeric 
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compositions based on SKI-3, nairite KR-50, SKMS-30RP and SKN-18, Fr values are 21.5 and 17.5; 
12.6 & 9.7; 13.1 & 10.1; 15.2 and 12.9 MPa, respectively. Obviously, this is due to the presence of an 
oligomeric cover on the surface of carbon particles, which enhances the effect of the interaction of the 
rubber- filler. This is evidenced by a decrease in the conditional stress during elongation of rubbers 
containing heat- treated modified carbon. It has been established that the introduction of modified 
fillers into compositions significantly increases the resistance of rubbers to tearing in comparison with 
commercially used fillers. This is especially pronounced when the content is 60–70 wt.h. modified 
fillers per 100 wt.h. rubber SKMS-30RP, i. e. tear resistance increases from 42.6 to 74.2 kN / m.

The study of the effect of modified fillers on the dynamic properties of rubbers under repeated 
compression showed that when they are introduced into the composition of the compositions, a 
decrease in heat generation and permanent deformation is observed. They also affect the dynamic 
durability of rubbers under repeated stretching (Nras). In compositions based on rubbers, Nairite 
KR-50, SKMS-30RP and SKN-18 Nrac passes through a maximum and its greatest value is observed 
at a content of 40–60 wt.h. per 100 wt.h. rubber. It was shown that the combination of the studied 
modified fillers with carbon blacks (P324, K354, etc.) also gives a certain effect. So, with an increase 
in the content of modified carbon, when combined with a mineral filler, the elastic- strength properties 
of vulcanizates increase. This process can be controlled and purposefully improved a number of 
technological and technical parameters of elastomeric compositions. In this case, special attention 
should be paid to the degree of filling and the ratio of the modified filler and carbon black.

The study of the effect of modified fillers on the dynamic properties of rubbers under repeated 
compression showed that when they are introduced into the composition of the compositions, a 
decrease in heat generation and permanent deformation is observed. They also affect the dynamic 
durability of rubbers under repeated stretching (Nras). In compositions based on rubbers, Nairite 

Fig. 2. Dependence of the conditional stress on the elongation of rubbers (filler content 40 parts by weight per 
100 parts by weight of rubber) -а, swelling and mesh density of composites- b based on SKMS-30ARP rubber. IB 
(– –  -) and MOB (●●)
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KR-50, SKMS-30RP and SKN-18 Nrac passes through a maximum and its greatest value is observed 
at a content of 40–60 wt.h. per 100 wt.h. rubber.

Table 4 shows the operational properties of production formulations for obtaining textile and 
metal frame products using modified bentonite. As can be seen from the table, the technological and 
physical and mechanical properties of the composition are much higher than the required standard 
indicators. This shows, firstly, that modified bentonite can replace standard ingredients, and secondly, 
the dispersion of the modified bentonite creates a colloidal disperse system together with elastomers 
ensures their uniform distribution throughout the composition.

It was shown that the combination of the studied modified fillers with carbon blacks (P324, 
K354, etc.) also gives a certain effect. So, with an increase in the content of modified carbon, when 
combined with a mineral filler, the elastic- strength properties of vulcanizates increase. This process 
can be controlled and purposefully improved a number of technological and technical parameters of 
elastomeric compositions. In this case, special attention should be paid to the degree of filling and the 
ratio of the modified filler and carbon black

Conclusion

The technology of purification of mineral fillers from metal oxides has been developed. A 
sufficiently high degree of purification by this method is due to the fact that in the process of temperature 
exposure at 950 K, iron ions from the paramagnetic state (d- form Fe2O3) pass into ferromagnetic (r- 
form Fe3O4). Feasibility and prospects of the use of modified fillers, both mineral and organic, in the 
formulations of rubber compounds for the production of various types of rubber products.
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