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Abstract

An overview of the ways of improving the operational properties of furnace and boiler fuels has been
presented; their positive and negative features have been analyzed. It has been established that the
most effective way to improve the operational properties of furnace and boiler fuels is their
compounding with additives as well as various components since it is easy to implement under
conditions of direct application of process fuel. It has been suggested that a very successful alternative
to the additives and components used in industry can be fractions (components) obtained by thermal
destruction in the temperature range of 300-380°C of secondary polymer raw materials, represented
by polyethylene, polypropylene, and polystyrene.

Keywords: Technological fuel;, Secondary raw materials; Polyolefins; Thermal destruction; Quality indicators;
Operational properties.

1. Introduction

The main types of process fuels are furnace and boiler fuels, which today are in wide de-
mand in the implementation of many technological production processes. These fuels are used
to generate heat energy in various power plants and industrial furnaces. Considering the cur-
rent environmental and economic trends prevailing in the EU countries, it should be noted that
improving the operational properties of technological fuel is a priority task, which is especially
urgent for major producers occupying a leading position in the energy market.

2. Research objective

Among the operational properties of the process fuel to be improved, the following can be
distinguished: ensuring the completeness of fuel combustion, minimizing harmful emissions,
increasing the heat of combustion, reducing energy costs associated with heating and pumping
fuel through pipelines. All this can be achieved both in the production of process fuel and in
its direct application (see Fig. 1).

In accordance with the information given above, the purpose of this work is a detailed
analysis of each method shown in Fig. 1. as well as the choice of the most optimal of them,
allowing to achieve a significant effect with minimal material costs.

The layout of the process flow diagram, the materials of the main technological devices,
the list of necessary measures to protect the environment and, of course, the operational
properties of the products obtained, expressed in terms of certain quality indicators, largely
depend on the quality of the processed raw materials. However, it should be noted that the world
oil refining industry is forced to develop in an era of acute shortage of quality raw materials [],
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And this, in turn, necessitates expanding the raw material base and improving the existing
process for the production of technological fuel.

Adding
components and
additives

T

Expansion of the Improving the operational Improvement of the

raw material base - . o i
properties of process fuel production process

Y

The use of quality
raw materials

Figure 1. Block diagram showing the ways to improve the operational properties of process fuel

The main reason for the search for an alternative source of raw materials for the imple-
mentation of the technological process of fuel production is both to ensure the uninterrupted
operation of the installations and to reduce the cost of the products. At the same time, in the
last decade, there has been an active involvement in the technological process of secondary
energy resources, which are mainly represented by various industrial and household waste [2-31,
The most demanded of them are waste oil products, oil sludge, and used car tires.

Thus, there is a known technology for processing waste lubricating oils by means of low-
temperature pyrolysis at a temperature of 450-550°C, which makes it possible to obtain a
pyrolysis gas, a liquid product with properties reminiscent of diesel oil (up to 85% of the initial
raw material) and a pyrolyzed residue, which is a product similar to technical carbon. At the
same time, the liquid product can be used as a boiler or heating oil [4-61, Similar technology is
used to process oil sludge and used car tires, but with certain features of the process.

Oil sludge is pyrolyzed at an average temperature of 300-450°C, less often up to 500°C to
form a liquid product that has similar qualities and properties with low-grade petroleum dis-
tillates of oil refineries and can be used as a process fuel for power plants. By-products are
pyrolysis gas and solid carbonaceous residue [7-101,

As for the used car tires, their pyrolysis includes heating the raw material to temperatures>
400°C without access to oxygen to obtain a liquid fraction, gas, and semi-coke. The liquid
fraction obtained as a result of pyrolysis can be used directly as a process fuel, fuel compo-
nents, or for the production of chemicals. Gases usually consist of hydrocarbons C1-C4 and
hydrogen, so they can serve as fuel for the pyrolysis process. Solid semi-coke, as a rule,
consists of particles of a metal cord and carbonaceous residue [11-12],

It should be noted that the technology of pyrolysis of waste lubricating oils, oil sludge, and
used car tires has not found its industrial distribution due to high production costs associated
with the specific composition of raw materials. So, waste oils have a fairly high cost compared
to other secondary raw materials, and for the most part, they undergo regeneration and reuse
for their intended purpose.

Oil sludge contains a significant amount of water, acidic components, and mechanical im-
purities (40-80% of the raw material), which ultimately complicates its processing and signif-
icantly increases the cost of this process.

Recycling of used car tires is hampered by the presence of a metal cord in them, which is
quite problematic to extract. In addition, it becomes necessary to conduct the process in the
absence of air using rotating retort furnaces, and the resulting liquid product (pyrolysis liquid)
contains in its composition a significant amount of unsaturated hydrocarbons, which cause
resinification and a characteristic strong smell of the obtained liquid product. In this case, the
solid product - semi-coke is characterized by the increased ash content due to the presence
of metal cord particles in it.
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As to such a method as improving the production process, it is the most energy-intensive
since it is mainly associated with the re-equipment of the existing production (changing the
design of the apparatus, the use of new structural materials, the design of purification systems
and the neutralization of harmful emissions). Therefore, at the moment, it can be viewed as
a somewhat distant prospect.

The addition of components and additives to the process fuel to improve its operational
properties, in comparison with all the approaches described above, is the most cost-effective and,
due to its simplicity, can be implemented in places where the process fuel is directly used [13-14]1,
The introduction of additives into the process fuel helps to stabilize the fuel combustion pro-
cess, reduce the number of deposits in combustion chambers, reduce wear-out and corrosion
of technological equipment, and improve viscosity-temperature and other operational charac-
teristics.

So, to neutralize harmful combustion products, improve combustion efficiency and save
process fuel in [15-191 it was proposed to use nanoparticles of metals, oxides, carbides, ni-
trides, or carbon nanotubes. The neutralization of harmful combustion products is carried out
due to the chemical binding of SO2 and SOs3, with the formation of neutral compounds that do
not cause corrosion of equipment. Also, a certain inhibition of the oxidation process of SO: to
SOs or the reduction of SO2 to SOs can be observed directly in the fuel combustion zone.

An increase in the efficiency of combustion of process fuel is achieved due to the peptizing
effect of the additive, which contributes to a more uniform distribution of easily and hardly
combustible parts in a drop of process fuel, and an increase in the completeness of the reaction
of substances in the combustion reaction, which leads to complete combustion of fuel and a
decrease in soot formation. In terms of efficiency, metals, as combustion catalysts, are ar-
ranged in the following order: Mn > Sn > Cu > Co > Zn > Mo > Mg > Fe > Ca [20],

Known multifunctional additive, developed by ERC, it is able to improve the environmental
properties of process fuel [2],

In work [22] it was proposed to use Diproxamine-157, which, in addition to the destruction
of emulsions of process fuel with water, is also capable of being adsorbed on the surface of
nascent crystals of paraffinic hydrocarbons and prevents their growth and association, thereby
reducing the viscosity and pour point of the fuel. This, in turn, helps to reduce energy costs
for fuel heating and to pump through pipelines.

An industrial polymer additive 19% ethylene-vinyl acetate copolymer can be used as an
additive to process fuel, which at a concentration of 300 ppm lowers the fuel pour point by 9°C [23],

Of special interest is the formation of the properties of technological fuel by compounding
it with various components. Compounding usually occurs according to the principle of adding
components with low viscosity to the residues (atmospheric / vacuum processing or thermal
cracking) from the distillation of high-viscosity crude oil in proportions necessary to meet the
requirements of regulatory and technical documentation for fuel [24],

It should be noted that all the additives described above have a number of significant
drawbacks that limit their industrial use, which includes:

- a high cost;

- a complexity of obtaining;

- a low efficiency;

- the necessity to use special systems for dosed injection and dispersion in the volume of fuel
(especially for solid additives);

- the usage of components that are widely used in other processes for the production of pe-
troleum products.

All these drawbacks cause the fact that the question of finding effective and relatively in-
expensive components that make it possible to obtain high-quality technological fuel is still open.

3. Results and discussions

Considering all of the above, it can be assumed that an alternative to existing industrial
additives and components are products obtained by thermal destruction of secondary polymer
raw materials, for example, polyolefins: high and low-pressure polyethylene, polypropylene,
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and polystyrene. Using secondary raw materials, on the one hand, will significantly reduce the
cost of the products obtained; on the other, it improves the global environmental situation.

A positive feature of polyolefins makes it possible to carry out their technological pro-
cessing, and it is also their ability to undergo thermal degradation at relatively low tempera-
tures of 300-380°C with the formation of products with a lower molecular weight than the
feedstock (monomers and different lengths of fragments of the hydrocarbon chain).

The mechanism of thermal destruction was considered in the works [25-271 and consists of
the following stages: initiation, chain decay, chain transfer, and chain termination.

The initiation consists of breaking the C-C bond and the formation of free radicals
|
|

~CH3-CH3-CH34:»CH;-(TH;-(TH_:w t’_t'. ~CH,-CH,-H,C" + "CH,-CH,-CH,~ (1)
|

Chain decorlnposition ends with the formation of a monomer at the free radical ends of the
chains
|

|

~CH,-CH,-CH,;-CHACH,-CH," — o ~CH,-CH,-CH,-H,C* + CH,=CH, (2)
|
|

The chain transfér stage can be characterized by the abstraction of a hydrogen atom of
another chain by a free radical or the abstraction of a hydrogen atom from its own chain. This
forms a new free radical, a saturated and unsaturated group

~CHy-H,C "+ ~CH,-CHo-CHCH,+CH, ~ —
o (3)
— 'CH;~ + ~CH,-CHy+~CH,-CH,-CH=CH,

The final stage is a chain termination with the resulting recombination of two free radicals;
it ends with the formation of a new polymer chain. In this case, the products of thermal
degradation of polyethylene and polypropylene are mainly represented by chain fragments of
various lengths and a small amount of monomer [25-261,

And this, in turn, is a positive moment when using thermal destruction to obtain a product
that will not consist of a monomer (gas), but of these fragments of a polyethylene or polypro-
pylene chain, and which by its properties can be used as a component of a technological fuel.

Thermal degradation products of polystyrene consist of a monomer, a dimer, and a trim-
mer. These compounds are detached from the polymer chain with free radicals at the ends.
In some cases, the formation of fragments of the polymer chain with one saturated and one
unsaturated end of the chain occurs in connection with the transfer of a hydrogen atom.

So, the reactions of thermal destruction of polystyrene can proceed according to the fol-
lowing mechanism [25-271,

Here is decay without hydrogeln transfer

[
~CH;-CH(C4Hs)-CH,-CH(CgHs)-CH{CH(CeHs)-CH2-CH(CeHs)-CHa~ ——

[

[
—* ~(CH,-CH(C:H:)-CH,-CH(C¢Hs)-H,C" +"CH(C:H:)-CH,-CH(C¢Hs)-CH»~

Any of the free radicals are capable of splitting off an intramolecular or intermolecular hydrogen
atom, and it can cause a new decomposition in the polymer chain (free radical transfer) [25:27]

~CH,-CH(C4Hs)-CH,-CH(CgHs)-H,C™ +
+ ECH{ChHﬁ)—CHg—CH(C{]Hﬁ}J:CHg—QE]I’,C(,Hs)—CHg—CH{CﬁHs}—CHr—r (5)
—— ~CHy-CH(CgH:)-CH,-CH(CH:)-CH+ ~CH(C4Hs)-CH,-"CH(CHs) +
+ CHy=C(CH;)-CH,-CH(C¢Hs)-CH, ~

(4)
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In some cases, chain decomposition with the formation of a monomer can be observed
1
I

~CH,-CH(C3Hs)-CH,-CH(C¢Hs)-CHyqCH(CHs)-H,C' —
[

i (6)
— ~CH,-CH(C¢Hs)-CH,-CH(CHs)-H,C "+ CH(C¢H;)=CH,
Here is decay accompanied by hydrogen transfer
|
|
~CH,-CH(CH;)-CH,-CH(C:H;);CH,-CH(CHs)-CH,-CH(CHs)-CHo-—3
! -
—  ~CH,-CH(C4Hs)-CH,-CH»(CgHs) ~ + (7)

+ (‘HJZC{(‘bHs}'CHj'C:H(C:ﬁH_cl'(_‘Hg ~

The products of thermal destruction of polymer raw materials can be considered as a wide
fraction, which, when fractionated, is crushed into narrower fractions shown in Fig. 2.

It should also be noted that, depending on the parameters of thermal degradation (pres-
sure, heating rate of raw materials, and final degradation temperature), the resulting fractions
may not include fraction IV, which is similar in properties to wax and can be used in the
production of greases. That is, the more severe the conditions for the occurrence of thermal
destruction are, the lower the molecular weight of the resulting products is, as well as the final
boiling point of the wide fraction.

Wide fraction of destruction

| fraction 11 fraction 111 fraction 1V fraction
H.K.-200°C 200-300°C 300-350°C *350°C

Figure .2 Products obtained by fractionation of a wide fraction thermal destruction

Depending on the technological necessity, the temperature limits of the obtained fractions
can change, which is associated with the variation in the values of such indicators of the
technological fuel as the heat of combustion, viscosity, flash point, and pour point.

The scheme for obtaining process fuel is shown in Figure 3. It can be implemented in the
conditions of oil refining enterprises and consisting of sequential technological stages.

Preparation — Destruction [~ Fractionation |j—p=| Compounding

Figure 3. Block diagram of production of process fuel using components obtained from secondary poly-
mer raw materials

According to this scheme, at the stage of preparation, washing, drying, and rough (up to
20x1072 m) crushing of polymer raw materials occur, and it makes it possible to intensify the
next stages of the process and reduce the overall dimensions of the technological equipment.
Further, the stage of destruction of the prepared raw material takes place in a reactor-type
apparatus at atmospheric or elevated pressure. After that, the products pass the stage of
fractionation in a packed-type apparatus, where, depending on the temperature of the begin-
ning and end of boiling, the necessary fractions are isolated. The final stage of the technolog-
ical process for the production of technological fuel is the compounding of the obtained frac-
tions (components) with hydrocarbon fractions obtained from petroleum feedstock to obtain
the final product that meets the requirements of regulatory and technical documentation.
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4. Conclusions

Based on the analysis of the data given in the technical literature, we note that the most
effective way of the existing ones to improve the operational properties of furnace and boiler
fuels today is their compounding with additives and various components. This approach does
not require technological re-equipment of the existing production and is easily implemented
in the conditions of direct application of technological fuel.

It has been suggested that fractions (components) obtained by thermal destruction of sec-
ondary polyolefin raw materials can act as a very successful alternative to the additives and
components used in the industry.

By varying the technological parameters of destruction and the temperature limits of the
boil-off of fractions, it is possible to obtain technological fuels with the required value of the
heat of combustion, viscosity, flash point, and solidification point, on which the energy effi-
ciency, fire and explosion hazard of production as a whole depend. The flash point, along with
the content of water and mechanical impurities, can become a criterion in the selection and
determination of the required depth of preparation of one or another raw material for use as
a dispersion medium in the production of greases.
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