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Abstract

This paper presents data on the lateral pressure of rapeseed straw briquetting depending on its moisture content
and the pressure of pressing with a hydraulic press.
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factors.

Introduction

One of the alternative energy resources is biomass, the use of which can significantly help in solving the
problem of the shortage of primary energy carriers in Ukraine [1]. Until recently, a significant part of the
stem plant waste of agricultural production, sawmilling and woodworking industries for many reasons did
not find further technological application [2]. However, in conditions of constant growth in energy prices and
increased demand for environmentally friendly renewable energy sources, the utilization of plant waste by
producing various types of solid fuel from them makes it possible to save on traditional energy resources,
which is a general trend of the industry's transition to the use of alternative, renewable energy sources,
increasing the energy efficiency of production in general [3]. In many countries, plant waste is used for
energy production, since the thermal efficiency of the fuel obtained from such biomass is quite comparable
to that of traditional fuels. One ton of coal can be replaced by 4.2 m® of such waste.

Research results

The provisions of the Law of Ukraine "On Alternative Energy Sources” [4] define the legal, economic,
environmental and organizational principles of using alternative energy sources and promoting their
expansion in the fuel and energy complex, in particular, they note that biomass energy (including waste of
plant origin) is one of the types of alternative energy sources.

The compressibility and shear strength of municipal solid waste (MSW) were studied in laboratory
conditions [5]. Compaction and dry and non-dry triaxial compression tests were carried out on recovered
waste samples of large sizes and with different specific gravities of saturated samples and samples tested at
natural moisture content.

An analytical study of the mathematical model of the hydraulic drive for unloading municipal solid waste
from a garbage truck was carried out in work [6].

A study of the influence of the relative humidity of MSW on the process of their pressing is described in a
scientific article [7]. It was determined that the optimal moisture content during MSW pressing is 10...12%.
A higher moisture content in the briquette led to an increase in the duration of the pressing process, a lower
density of the briquette in the inner layer, a lower strength of the briquette, the possibility of delamination
and swelling. The advantages of low moisture content are: the absence of adhesion of MSW particles to the
walls of the matrix and a more uniform density distribution over the thickness of the briquette, for which
hydraulically driven press equipment is used [8-20].

The authors of the work [21] determined the dependence of MSW density on moisture content, combined
effort and seasonal effects during compaction in laboratory and field conditions, and also analyzed the
mechanisms of waste compaction. The duration of MSW hydration of 16...24 h led to more uniform
compaction curves than for waste compacted without hydration.



The materials of the article [22] consider the possibility of MSW utilization at existing municipal CHPs
with a generating capacity of 12 MW, which can operate on energy fuel (a mixture of MSW dehydrated to
20% relative humidity and hard coal with a mass fraction of 16%) with an estimated lower calorific value of
10.99 MJ/kg.

In the scientific paper [23], it was determined that the moisture content and the compaction pressure of
the combustible components of MSW were two key parameters for obtaining high-quality fuel briquettes that
have a calorific value of at least 20 MJ/kg, equivalent to the calorific value of brown coal, and can be burned
together with coal at power plants. The studies were conducted at room temperature without the use of a
binder at a pressure of 69...138 MPa and a relative humidity of MSW of 6...20%, and allowed us to establish
that the moisture content should not exceed 15% to obtain high-quality briquettes from a mixture of paper
and other combustible materials in MSW.

A plant for briquetting woodworking industry waste, which allows to increase their specific heat capacity
when used as solid fuel, is proposed in the article [24]. An increase in the degree of pressing is achieved due
to the use of a vibration hydraulic drive in the plant. The relationship between the sawdust pressing pressure
and its relative deformation during the briquetting process has been established, which was used to develop a
mathematical model that allows us to adequately describe the process of vibration briquetting of sawdust and
allows us to determine the required effective duration of this process.

The results of the study [25] showed that a promising method of recycling wood waste is to press it into
fuel briquettes using a natural binder of sulfate soap, a waste product formed during the digestion of lysine
from wood pulp in pulp and paper production. This allows minimizing the environmental hazard from
environmental pollution by wood waste and pulp and paper production waste, as well as obtaining high-
quality biofuel. The use of a binder allowed reducing engine power by 40%, as well as increasing the density
of the resulting fuel briquettes by 10%. The pressure due to which the formation occurred without adding a
binder was more than 1 GPa, with the addition of a binder — from 500 to 990 MPa.

Technological modes of production of fuel briquette from a number of technogenic wastes, which by their
aggregate physical state are unsuitable for direct use in technological processes and devices, are considered
in the article [1]. The application of the considered technology in practice is capable of returning industrial
waste in the form of fuel briguettes. Such briquettes can be used for all types of furnaces, in boilers of any
capacity — from heating private houses to large CHP. It is noted that the inclusion of alternative energy
sources in the energy cycle can be a significant contribution to solving the problem of the shortage of
primary energy carriers, while improving the environmental situation of the country.

In the materials of the work [26] it is substantiated that the use of used wood (WW) is an alternative
additional resource of raw materials provided that it is recycled and processed into wood products: curved
blanks, furniture panels, joinery and particleboard, as well as fuel pellets and briquettes. A methodology for
calculating the potential of WW and its balance by categories has been developed. The potential of wood
biomass — wood waste and WW in Ukraine — has been calculated, which in 2012 amounted to 6.438 million
tons, in particular WW — 2.0 million tons. Based on cluster analysis, WW was monitored by regional centers
of Ukraine. The main physical and mechanical properties of the resulting products were determined using the
developed technologies. Based on the obtained mathematical models, the patterns of the influence of the use
of WW on the physical and mechanical indicators of the resulting products were established. Regime
parameters for the implementation of the obtained research results in production have been proposed.

The authors of the scientific article [27] presented the results of the study of the process of pressing
biomass to obtain fuel pellets, briquettes, in particular, the influence of the pressure and temperature of
pressing on the density of the resulting product was determined. The results of the conducted studies showed
that increasing the pressing temperature above (90-100) °C and the pressure above (120-140) MPa is
impractical, since it has little effect on increasing the density of biofuel and leads to an increase in energy
consumption for its production. The results obtained can be used to determine the optimal structural and
technological parameters of the process of pressing dispersed materials. The results of the development and
systematization of the technological foundations of the production of solid biofuel from plant waste and
composites based on them are summarized in the monograph [28]. A method for estimating the elastic
coefficients of a two-component composite biofuel based on plant waste is presented. The influence of the
design parameters of the die of the matrix on the quality indicators of the produced biofuel and the energy
characteristics of the press equipment is determined. Technological solutions for the production of improved
quality pellets from fallen leaves, composite fuel based on plant waste and brown coal, plant waste and
municipal waste PETF have been proposed and experimentally investigated.



The authors of the article [29] obtained regression dependences of the compression pressure of wood
waste on the compaction coefficient both in the form of sixth-order polynomials and using a power function.
It was found that the power function provides better approximation reliability with a smaller number of
regression coefficients. The conditions for the formation of briquettes of sufficient strength for transportation
and combustion in power plants have been determined. The effect of the density of sawdust material on the
compression pressure has been investigated.

As shown by the studies conducted in [30], the density of briquettes is mainly influenced by the pressing
pressure created in the working chamber of the press or the molding head, which should create a force equal
to or greater than the force of pushing the briquette out of the molding head. The latter mainly depends on
the shape and length of the working channel, the friction forces determined by the lateral pressure of the
briquettes on the walls of the working channels of the press. With a change in the axial pressure in the
pressing chamber, the lateral pressure will also change, the magnitude and dynamics of which are
significantly influenced by the physical and mechanical properties of the material.

The article [2] is devoted to the determination of the lateral pressure of stalk-like materials on the walls of
the chamber for pressing with a hydraulic press. The methodology for conducting experimental studies is
described and the results are presented, the dependences of the lateral pressure coefficient for various types
of sticky materials, in particular rapeseed straw, are established. Table 1 shows the values of the lateral
pressure of rapeseed straw briquetting for different values of its moisture content and pressing pressure with
a hydraulic press, obtained for particle sizes up to 10 mm [2].

Table 1 — The value of the lateral pressure of rapeseed straw briquetting for different values of its moisture
content and pressing pressure with a hydraulic press [2]

Hydraulic press pressing Lateral pressure, MPa, for different values of rapeseed straw moisture content, %
pressure, MPa 9 12 16 20
10 5.18 4.66 3.67 3.47
30 14.55 13.17 11.96 11.64

Using the data in Table 1, using the rotatable central composite design of the second-order experiment by
the Box-Wilson method [31] and the developed computer program "PlanExp", which is protected by a
certificate of copyright registration for the work [32] and described in detail in works [33, 34], it is possible
to obtain a pairwise regression dependence of the lateral pressure of rapeseed straw briquetting on its
humidity and the pressure of pressing with a hydraulic press.

Conclusion

Data are provided on the lateral pressure of rapeseed straw briquetting depending on its moisture content
and the pressure of pressing with a hydraulic press.
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