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STRUCTURE - PROPERTIES RELATIONSHIP IN PHYSICALLY
MODIFED SEMI-CRYSTALLINE POLYMERS
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The creation of selective crystallographic forms in semi crystalline polymers, due to its
polymorphic character, is known to be a procedure allowing to produce polymeric materials with
desired properties [1-4]. Although, these way of polymers modification is already widely applied
even in industrial application, the deep knowledge of the modification — structure — properties
relationship presents nowadays a substantial topic of many research and investigation works. New
procedures of physical modification of polymeric structure, i.e. without changing its chemical
construction, are researched and its use in specific applications present an interesting subject of
the experimental activities worldwide.

The influence of various physical fields, like magnetic, electrical and/or strong radiation,
like gamma radiation, has shown that various structural effects, followed by an achievement of
desired properties may be attained. The well-known use of strong gamma radiation of cable
insulation and water pipe, leading to controlled cross linking of polyethylene, resulting in a
significant improvement is industrially applied since at least twenty years [5].

Specific structure modification on the nano- and macroscale may be achieved by so called
electro crystallization of crystalline polymers. As we have found [6] that crystallization of PEO in
blends with PMMA from solution, in a strong electrical field leads to the creation of round-like
sphrulitical morphology, probably due to the Lorentz effect.

Several examples of electrical and/or magnetic field influenced structure creation may be
found in the literature. In these cases the PET application of magnetic field during crystallization
process results in alignment of the crystallites along the direction of the field, and a similar effect
can be obtained for polypropylene modified with DCNDCA nucleating agent [7]. PTFE has been
found to crystallize in y form when subjected electric field during cooling [8].

The heterogeneous nucleation belongs to the most commonly suitable and application
oriented methods of physical modification of semi crystalline. In this case the crystallization of
polymers from melt is accompanied by the addition of a low content of additives, called
nucleation agents (NA) [9]. An isotactic polypropylene (iPP), due to its very low crystallization
rate of about 20 mm/min [10], belongs to the crystalline polymers with a huge potential of
structural modification.

The heterogeneous nucleation is usually realized by the addition of a low content of low
molecular weight substances, where the concentration of the NA’s may be marked by so called
saturation effect, i.e. by the highest experimentally determined NA - concentration above which
no more changes of the given effect are observed. On Figure 1 the heterogeneous nucleation
induced changes of crystallization temperature of block copolymers PE-b-iPP may be observed
with a clear saturation effect by the NA content of about 2x107 t0 2,5 x 107 wt.%.
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Fig. 1. Crystallization temperature of block copolymer PE-b-PP nucleated with various NA’s
(1- sodium benzoate, 2-talc, 3-sorbitol derivate) [11]

As nucleating agents various substances are used nowadays, most of them being adopted by
the food industry, regarding a huge application of heterogeneous nucleated food packaging
products. The most important NAs are derivatives of sorbitol, sodium benzoate, and other
substances including talc incorporated into the polymeric matrix in a low quantity. Among the
specific NAs leading to the creation of another crystallographic forms in iPP the PACS (mixture
of pimelic acid with calcium stearate) and NJ Star NU-100 may be cited.

The nucleating agents addition influenced modification of iPP may be considered in two
features, i.e. industrially interesting effect like an increase of the crystallization temperature (Tg),
and creation of specific crystalline forms, what is the case of polymers with polymorphic

structure [2].
Modification of crystallization temperature T,

As mentioned above (comp. Fig. 1) the addition of NAs leads to an increase of the T,
resulting in shortening of the total injection molding cycle up to 30%, presenting a significant
economic benefits. As we have found [4] the saturation effect of the T may be achieved by a
rather low NA content, of about 2x107 wt.%. The most relevant methods of T, determination
both belong to thermal investigations, like differential thermal analysis (DTA) and differential
scanning calorimetry (DSC). The DSC measurements curves registered by cooling of iPP with
two different NAs, and its various content, may be seen on Figure 2. Determined as maximum of
the DSC curves, a significant increase of the T, , depending on the NA’s concentration, is well
visible in both cases.

Various crystallographic structures may be observed in polymers characterized by
polymorphic structure, depending on its crystallization rate by cooling. In this case the wide angle
X-ray diffraction (WAXS),small angle X-ray diffraction (SAXS), DSC, optical microscopy and

APGIP-9 Ukraine, Lviv, May 14-18, 2018



other non-direct measurement methods are usually applied to detect the existence (or coexistence)
of various crystallographic phases.
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Figure 2. DSC cooling curves for iPP with DMDBS (a) and PACS (b) with various NAs content.

Creation of specific crystalline forms

Three crystalline forms, namely monoclinic a, hexagonal B and triclinic y may be found in
iPP, [12]; only the former two, due to its structural stability, have found industrial applications.
The a and B phases in iPP differ by major properties like elastic modulus, transparency,
elongation and impact resistance (see Table 1). As it may be seen the monoclinic a structure is
characterized by high E value and significant transparency, on the contrary higher deformability
accompanied by higher impact resistance, lower rigidity and limited transparency are
characteristic for the hexagonal 3 structure of polypropylene.

Table 1
Characteristic values of o and B form of an isotactic polypropylene
Property o monoclinic iPP [ hexagonal iPP
E modulus High Low
Impact resistance Low High
Elongation Low High
Transparency High Low
Melting point 167°C 156°C

This is why the specific creation of both crystalline phases is very important by various iPP
applications. The growing interest in use of this polymer in packing application, due to its
relatively low price, simple processing and high ability to reprocessing, demand the combination
of two important properties like high impact resistance with high transparency, an effect which
may partly be realized by so called multinucleation [4].

The wide angle X-ray diffraction (WAXS) [2] and differential scanning calorimetry (DSC)
[13, 14] are the methods mostly used to detect the existence of both crystalline forms. In the case
of WAXS a single maximum (300), corresponding to the Braggs angle 26 =16°, confirms the
existence of the hexagonal crystalline form. By the DSC measurements an endothermic peak by
156°C reveals the melting of B — phase, and the 167°C melting temperature corresponds to the
transformation of the crystallographic a phase into the molten state.

APGIP-9 Ukraine, Lviv, May 14-18, 2018
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The DSC melting curves (Figure 3) were recorded for iPP with various contain of a and f3

phases. As it follows from the form of the curves and maxima position of melting temperature, the
DSC experiments may indicate the existence and/or coexistence of both crystalline phases, but
don’t deliver any quantitative information like relative concentration of both phases.
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Fig. 3 DSC melting curves of ov/BiPP Fig. 4 WAXS diffractogram for o/fiPP

In Figure 4 the WAXS diffractogram, representing the coexistence of both, o and [

crystalline forms of iPP is presented. As mentioned above, the maximum (300) by 20 = 16° is
representative for the 3 phase, the maxima (110), (040) and (130) correspond to the diffraction on
planes signifying the monoclinic elementary unit [15]. By means of the well-known Turner
formula [15] based on the diffractogram, the relative concentration of hexagonal phase may be
evaluated, as a ratio between the height of the (300) maximum to the sum of all maxima. This
value may be compared with defined properties giving the application interesting correlation
between structure of a semi crystalline polymers and its properties.
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PJSC "UKRTATNAFTA" - STAGES OF DEVELOPMENT
AND TRANSITION TO THE GAS AND DIESEL FUELS EXTRACT
IN ACCORDANCE WITH EURO 5 REQUIREMENT

Sergei Koshelyuk, Yuri Golych
PJSC "Ukrtatnafta”, Poltava region, Kremenchuk, Svistovskaya str/ 3,
golich@ukrtatnafta.com

The transnational financial and industrial oil company Ukrtatnafta was established in 1994
in accordance with the decrees of the Presidents of Ukraine and the Republic of Tatarstan. PJSC
"Ukrtatnafta" is the leader of the oil refining industry of Ukraine and the largest producer of high-
quality petroleum products. Design capacity - 18.6 million tons of raw materials per year. The
Company's capacities are designed to work with all types of oil and gas condensate.

Commissioning of the first phase of the Refinery commenced in 1966, and on July 19, first
lots of finished products were produced. During that period, the following units were
commissioned: AVT-12/5, L-35-11/300, Bitumen Plant 16/6 and Gas Plant. From 1970 to 1978,
facilities of the second and third phases were commissioned, as well as the Lube Plant. The
Refinery’s total capacity reached 18.6 million tons of crude oil per annum, and the product slate
manufactured by Kremenchug Refinery constituted more than 60 types. Within the period from
1997 to 2005, a complex of environment protection facilities was constructed, which made it
possible for the Refinery to operate a closed-loop water supply system without dumping waste
water into natural reservoirs. In 2006, the first phase of modernization of the Refinery was
launched to ensure that product quality and safety comply with the Ukrainian regulations.

Today, the Refinery’s process portfolio enables production of Euro-5 gasoline and diesel
fuel. The Refinery's process flow diagram includes the full process cycle starting with crude oil
pretreatment and fractionation, treatment of fractions and their chemical conversion using
technologies and catalytic systems by leading world licensors, and ending with finished products.

PJSC “Ukrtatnafta” has a comprehensive quality management system implemented and
functioning successfully, which guarantees safety of production and quality of finished products.

Management efficiency largely depends on a possibility to integrate information about each
technological, production and business process, which allows managing and controlling both
single processes and the company as a whole. Prompt and timely retrieval of reliable and
complete information facilitates accurate tactical and strategic decisions. The Refinery’s
informational system is a complex of several systems, which are interconnected and supplement
each other.

The achieved product quality largely depends not only on technological processes, but also
on feedstock quality. Processing of crude oils with relatively low sulfur content guarantees
production of products of Euro-5 environmental class.

It took 10 years for the Refinery to switch from Euro-2 to Euro-5 quality.

As in 2007, the Refinery’s process portfolio prevented the Refinery from production of
motor gasoline and diesel fuel that would satisfy the requirements of the new national standards
for premium fuels (DSTU 4839:2007 and DSTU 4840:2007), equivalent to Euro-4 requirements.
Sulfur content of fuels and benzene and aromatics content of gasoline were excessive. So, the
challenge was to obtain products of required quality employing proper technologies.

Technological improvements started in 2008 with replacement of catalytic systems of
Catalytic Reformers with UOP A Honeywell Company catalysts, which enabled to increase the
octane number of reformate and reduce its sulfur content.

APGIP-9 Ukraine, Lviv, May 14-18, 2018
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In 2009, Section 300-1 of LK-6u Unit was revamped for VGO hydrotreatment, which
enabled a substantial reduction of sulfur in FCC feed and, consequently, in FCC gasoline — the
main sulfur contributor to the gasoline pool.

In 2010, Section 200 of LK-6u Unit was revamped for FCC gasoline hydrotreatment using
AXENS technology. As the result, sulfur content of FCC gasoline decreased to 60 ppm. In
addition, implementation of a scheme for benzene concentrate recovery from reformed gasoline
enabled a dramatic reduction of reformate benzene content. The result of those improvements
was production of Euro-4 gasoline.

Installation in 2011 of additional diesel fuel hydrodewaxing reactors at LCh-24-7/68 Unit
and a switch to Shell Global Solutions/Criterion catalysts enabled production of Euro-4 diesel fuel
and substantial improvement of its low-temperature properties.

Installation in 2011 of induced hydrogen circulation scheme at Hydrotreatment Section of
LCh-35-11/600 Unit and replacement of hydrotreatment catalyst made it possible to boost
reformate octane and reduce hydrogenate sulfur content for extending the service life of the
platinum catalyst.

The same year, a pumping station for fuel blending with additives injection package was
commissioned. That enabled to improve performance of finished fuels, ensure accurate control of
additive and fuel component injection rates, reduce harmful environmental emissions.

Guaranteed production of fuels with sulfur content not exceeding 10 ppm would be
impossible without their treatment with high-purity hydrogen. With the purpose of supplying
hydrogenation processes with hydrogen, a PSA Plant and a hydrogen desulfurization process were
implemented at the Dry Gases Desulfurization Unit in 2014. The result was production of
EURO-5 diesel fuel.

With the purpose of improvement of the raffinate and benzene quality, a scheme for additio-
nal hydrogenation of unsaturated hydrocarbons of benzene concentrate was implemented in 2014.

Thus, undesirable sulfur compounds and benzene are technologically removed from fuels
and converted into high-quality products — commercial sulfur and benzene — feedstock for
chemical synthesis.

Phasing down the Lube Plant because of the lack of demand for lube oils, made it possible
to revive the units once involved in lube production. Thus, revamp of G-36-37/1 Unit for residue
deasphalting to yield an additional amount of FCC feed enabled to increase production of FCC
gasoline and improve crude oil conversion rate.

In order to increase crude oil processing capacity, G-24 Unit was revamped for jet fuel and
deasphalted oil hydrotreatment. In addition, this translated into a substantial reduction of energy
consumption by the jet fuel hydrotreatment process.

Switching to Azeri Light crude oil processing with less than 0.2 wt.% sulfur content entailed
reduction of sulfur content of all refined products and of severity of hydrotreatment processes,
which facilitated guaranteed production of Euro-5 motor gasoline.

Accomplishment of those objectives would be impossible without collaboration with the
leading world licensors of refining technologies, such as Shell, BASF, Axens, UOP, etc.

So, as of 2018, the Refinery’s process flow scheme, with crude oil processing volume up to
5 million tons per year, makes it possible to produce motor gasoline and diesel fuel compliant
with the highest quality requirements of Euro-5 European Standards.

Currently, the following works are underway: revamp of Sections 200 and 400 of LK-6u
Unit for isomerization process by AXENS’ technology, revamp of Section 300 of LK-6u Unit for
diesel fuel hydrotreatment process employing catalysts by Shell Global Solutions/Criterion, as
well as a feasibility study is in place for revamping the Sulfur Recovery Unit with the purpose of
reduction of harmful emissions into atmosphere.
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POLYMER MODIFIED BITUMEN

Helena Janik®, Maciej Sienkiewicz?, Kaja Borzedowska®
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Introduction

Bitumen is a complex hydrocarbon material which is used for road construction and
production of bitumen adhesives, waterproofing coatings and roof bitumen membranes. Bitumen
is a good material for these application, but not perfect [1-3]. Especially, in road construction the
increasing number of vehicles on the roads, have enforced the need to develop methods improving
the basic physico-mechanical and rheological properties of the bitumen binders such as: the
strength and fatigue life (resistance to cracking and permanent deformation - rutting), the
temperature sensitivity in a wide range of viscoelasticity (difference between softening point and
brittle point should be as great as possible) and the service life of asphalt pavements (wear
resistance and fatigue). This forced the bitumen producers to look for a new material and
technological solutions that would improve the properties of bitumen, so that they meet the needs
of the market, both in technical and economic terms. In this paper we present the benefits of using
polymers as an asphalt modifiers, especially the low molecular weight reactive compounds, which
are capable of forming polymer network with bitumen "in situ" in the process of its modification.

Bitumen modified by elastomer and thermoplastic

Currently the best-known and widely used methods of improving the quality and
performance properties of the bitumen is their modification with the polymers. Among the
polymeric modifiers currently used on an industrial scale, the most widespread are the "passive"
modifiers, such as copolymer of styrene-butadiene-styrene (SBS), styrene-isoprene-styrene (SIS),
ethylene—vinyl acetate rubber (EVA), polyethylene (PE), and atactic polypropylene (APP). Those
kind of modifiers are only physicaly mixed with bitumen and due to this some improvement of
bitumen properties is the result of only the physical interactions with bitumen. [2-3]

For economic reasons, producers of bitumen for their modification also use the polymer
wastes from the recycling processes of plastic products. In this field the crumb rubber (CR),
which are obtained from waste tyres, proved to be the most effective modifier. Unfortunately, the
modification of bitumen with CR increases the viscosity of bitumen. Beside this the rubberized
bitumen is not stable during a storage at high temperature, which significantly limits the scope of
its use in roads construction [1-2]. In the table 1 are presented the most popular polymers which
are used to modify bitumen at the industrial scale and their influence on the properties of modified
bitumen.

Unfortunately the modification of the bitumen with virgin polymers is still limited by high
cost of modifiers, low ageing resistance of modified bitumen and their low resistance to heat,
oxidation and ultraviolet radiation (UV). As shown in Table 1, modifiers formed from the polymer
wastes also do not meet the intended expectations. Beside this the very important problem in the
modification of bitumen with these kinds of polymers is also a low compatibility of them with
bitumen what causes the poor storage stability of polymer modified bitumen [3-4].
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Table 1

The properties of bitumen modified by different kind of polymers [2-3]

Type of polymer Examples Advantages Disadvantages
e improvement of the e problem with the
elasticity (rutting resistance, compatibility with some
SBS. SIS . improvemenj[ of the bitumen, .
temperature sensitivity, e low resistance to heat,
UV radiation, oxidation,
Elastomer e relatively high cost
e improvement of the e instable at storage,
elasticity (rutting resistance), e  high viscosity,
Crumb Rubber e low cost, e low resistance to heat
e improvement of the and oxidation,
temperature sensitivity,
e improvement of the| e lack of flexibility
Thermoplastic PP, PE resistance to high temperature e instable at storage,
e low cost

From our research work it follows that, the overcoming the basic problems of currently used
polymeric bitumen modifiers might be solved by using the low molecular weight “active”
modifiers which react in chemical way with compounds of bitumen. These kind of modifiers can
be used in modification process of bitumen in low amount (below 1 wt. %) and with their use it is
possible to form "in situ", during the modification process, the polymer network, which
significantly changes the physico-mechanical and rheological properties of the bitumen [1].

Active modifiers of bitumen

In the structure of bitumen, can be distinguished the presence of chemical groups such as
>NH, -OH, -SH and -COOH (Fig.1). For this reason bitumen is reactive to compounds that have
isocyanate groups (diisocyanates, poliisocyanates and urethane prepolymers with free isocyanate
groups) [5-8].

Naturally occurring groups Groups formed in the oxidation process

0
N /I N N o—H
| 7 \ <
N o) o) N /O \
| c
O, H

Anhydride Carboxilic acid

phenolic 2-Quinolone Pyrrolic Pyridinic

Fig. 1 Functional groups present in bitumen structure [9].

However, in our research we proved that not every type of isocyanate compounds is suitable
for bitumen modification. This conclusion was supported by the results of the research in which
we compared the influence of two kinds of diisocyanates on the properties and stability of the
bitumen modified by them. In these research we used as a modifier of bitumen the crystalline,
solid 4,4'-Methylenebis(phenyl isocyanate) (solid-MDI), and liquid 4,4-Methylenebis(phenyl

APGIP-9 Ukraine, Lviv, May 14-18, 2018
15



isocyanate) stabilized by carbodiimide (liquid-MDI). After the modification process the viscosity,
softening point, penetration and stability tests were tested for all types of modified bitumen and
the obtained results are shown in Table 2. Thermogravimetric analysis (TGA) of liquid-MDI and
solid-MDI under air atmosphere was also performed to determine the degradation temperature of
these diisocyanates (Fig. 2).

The TGA analysis of the diisocyanates showed that the more stable in the temperature of the
bitumen modification is liquid-MDI, stabilized by carbodiimide. It should be emphasized that the
initial degradation temperature of solid-MDI, corresponding to 2 wt.% of mass loss, is 130°C,
which indicates that the modification process with this modifier should be conducted at much
lower temperature than that used at industrial conditions (approx. 180°C).

100
(o]
T5%143C
80
'0\? 60
=
=
2 40
[
=
20
—liquid-MDI
{ === solid-MDI
0 —

T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Temperature [OC]

Fig. 2 Mass loss as a function of temperature for liquid-MDI and solid-MDI.

Table 2
The properties and stability of bitumen modified by solid and liquid MDI

. . Stability at tube test
Amount of | Viscosity . . - - -
Type of L 0 Penetratio | Softening | Difference | Difference in
. modifier at 180 °C .o . . .
bitumen [Wt.%] [Pas] n[0,1 mm]| point['C] | insoftening | penetration
' point [°C] [0,1 mm]
Pure bitumen 0.00 0.07 74 47.7 0.1 0
Bit Solid 0.25 0.06 64 49.2 0.6 1
1““;2‘];1 one 0.50 0.08 61 51.1 0.6 3
1.00 0.08 52 54.4 13.2 12
. .. 0.25 0.06 69 49.6 0.1 1
Bltumﬁll/)Lllqu 0.50 0.04 62 49.6 0.1 I
1.00 0.04 53 50.6 0.7 1

According to the data given in Table 2 it can be concluded that under the influence of both
types of diisocyanates, the properties of the bitumen are improved. In addition, the efficiency of
the modification is comparable. However, significant differences can be pointed out in the
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stability of bitumen, because the bitumen modified with solid-MDI used in the amount of 1 wt.%
turned out to be unstable.

Conclusions

Based on the information and results presented in this work the following conclusions may

be drawn:

DN —

Sk W

o the best-known and widely used method of improving the quality and performance
properties of the bitumen is their modification with the polymers,

o from the economical and environmental point of view the use of crumb rubber
obtained from waste tyres to modify bitumen is the best solution to lower the cost of
modified bitumen, unfortunately the rubberized asphalt is not stable during a storage
at high temperature,

o the main disadvantages of currently used polymeric bitumen modifiers might be
solved by using the low molecular weight “active” modifiers which react in chemical
way with compounds of bitumen, but the ideal reactive modifier should be
characterized by high thermal stability, proper for the industrial processing
temperature.
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ORGANIC WATER SOLUBLE SILICATES
FOR THE PROTECTIVE COATINGS MANUFACTURE
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The work describes the properties of soluble, organic silicates and their applications to
obtaining nanocomposite materials. We analyzed the properties of the water-soluble high-modulus
silicate systems, and their technology for producing. The aim of this paper is the comparison
properties of binders based on liquid glass containing strong organic bases silicates. We have
shown how these systems are transformed, from lower to higher oligomers, through the formation
of the silica sol and the implementation of the sol-gel process for these oligomers. We have
conducted advanced research of various aspects of the use of these materials as the binder.
Advantages of strong organic bases silicates in the preparation of heat resistant, nanocomposite
materials are shown. Ways to obtaining quaternary ammonium silicates and their use to produce
nanocomposites are proposed.

Products obtained in this way can be used as a binder in the preparation of nanostructured
composite materials, water-based paints, coatings, etc. Modifiers have been proposed for making
of hybrid nanostructured composite materials by a sol-gel process. Have been shown of
structuring phenomena some aspects, synthesis and application of hybrid materials based on silica
with grafted polymers. It has been shown, the possibility of modifying compositions using the
nanostructuring agents such as tetrafurfuryloxysilane. This paper also describes methods for the
synthesis of products for modifying a sol-gel process using organic soluble silicates. We are
displaying their use for the production of new nanocomposite materials and coatings for
protection against various external factors.

Water-soluble silicate containing an organic alkali cation, was prepared by reacting the salt
of an organic quaternary ammonium derivative with an amorphous silica. Soluble organic alkali
silicates, such as tetrabutylammonium silicate (TBAS) was used as a binder component for self-
extinguishing. Developed nanostructuring binder prepared laminar mixing liquid glass containing
cations of alkali metals such as sodium; tetrafurfuryloxysilicate (TFS) and a water-soluble silicate,
silicate containing an alkali organic cation such as diazabicyclo[2.2.2]octane-1,4-diium or 1,5-
diazabicyclo[3.3.3]Jundecane-1,5-diiu.

Obtained optimum composition of protective coatings based on organic water-soluble
silicates having high strength, durability, density and fracture toughness. Was investigated,
diffusion permeability of these coatings, and chemical resistance in a variety of aggressive
environments.

Introduction into the composite coating 0.3% additive of tetrafurfuryloxysilane increases the
strength and density of the material approximately 50% throughout the range of investigated content
of organic water-soluble silicates. Plastic composite mixture allows making products of any geometry.
It should be noted that the compressive strength and deformability of samples of the composite
coatings modified TFS additive, were maximal. Studies have shown that the introduction of
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monomeric additives, leads to a drastic reduction of shrinkage strain. Shrinkage of the composite
coating at the age of 28 days was only 0.06%, while the content in the mixture of 3% TFS.

The formation of composite coating structure is accompanied by intense compression of the
binder gel by capillary forces fluid intermicellar. To the mixture, without the presence of
monomer addition, such liquid is water. Compression of the gel leads to a maximal shrinkage
deformation from the start of hardening mixture. Introduction of additives, of FA or TFS in the
reaction mixture leads to a substantial reduction of the influence of capillary forces, by reducing
the surface tension of the liquid in the capillaries.

A small change in the content of organic water-soluble silicates, dramatically changes the
technological characteristics of composite coating. With the reduction of the content of organic
water-soluble silicates, there is an increase strength and density of composite coating. The best
composition of composite coating include: 11.23% silicate binder and 0.34% of monomeric
additives. The composition of the composite coating, modified by the addition of TFS has a high
compressive strength and high deformability. Introduction into the composite coating
composition, the monomeric TFS additives leads to increased stiffness of the mixture and a very
significant reduction of shrinkage strain.
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1. Introduction

Ceramization of polymer composites can be defined as creation of mechanically resistant,
porous ceramic structure of good barrier properties on their surface when faced high temperature
or fire [1, 2]. The protective layer limits diffusion of flammable products of polymer
decomposition, what together with smaller amount of oxygen being able to reach fire zone and
reduction of heat transfer to the material, additionally adversely affecting the material
decomposition, makes development of fire more difficult. Additionally, the continuous and porous
ceramic phase being created, is likely to limit release of harmful and toxic products of polymer
combustion and to reduce smoke generation during fire. Ceramization requires to fill polymers
with a composition of fluxing agent, i.e. glass frit of relatively low softening point (flux particles),
and powdered mineral fillers of high thermal resistance (refractory fillers). The above
ceramization system is able to create the ceramic layer on polymer surface, being able to protect
bulk of the material from heat/fire and external load. Mechanism illustrating formation of porous
ceramic layer is presented in Fig. 1.

Polymer
maltrix
Refractory
fillers
Flux
partides
Need sufficient polymer Forms a porous ceramic
for flexibility, strength product for volume stability
and process ability and insulation

Fig. 1 Scheme illustrating ceramization process of polymer composites

Adequate qualitatively and quantitatively composition of flux - mineral fillers ceramization
systems, grinding degree of their particles, and the way of modification of their surface, altogether
enable effective processing and mechanical properties of the polymer composites, as well as
assure morphology of pores (size distribution and amount), being responsible for mechanical
strength, heat and gas insulation of the ceramic layer formed on polymer surface under high
temperature, to be controlled. It has been confirmed that properly designed ceramization system
can protect polymer composites used in cable, paint, sealing or other engineering applications
from loss of their functions under fire conditions for at least 1 hour [3, 4].

Selection of appropriate refractory fillers for ceramizable composite is extremely important,
because after polymer matrix degradation, they serve as a backbone of the ceramic structure.
Mineral fillers can also increase flame retardancy of the composites by their endothermic
decomposition, release of chemically bound water and formation of a layer of oxides that protects
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bulk of the composite against further thermal degradation [5]. Also size of filler particles
influences mechanical strength of ceramic phase being formed. Reduction in the average particle
size allows not only for better dispersion of filler, but also increases the surface area of filler where
ceramic, created from fluxing agents or decomposition of polymer matric can be deposited. The
size of filler particles also most often influences flame retardancy of polymer composites, smaller
particles act in solid phase performing creation of more barrier char, increasing flame resistance
[6]. On the other hand, with particle size decreasing, their ability to aggregation and
agglomeration increases what can cause completely opposite effect, if the affinity between
polymer matrix and/or fluxing agent and the filler surface is poor [7]. In some cases it makes
necessary to fillers’ surface, in order to assure its good wettability by melted “precursors” of
ceramic phase [8]. Recent research in the area of ceramifiable composites has focused on the
development of new ceramization-promoting additives [9, 10] and special components, e.g. carbon
fibers, making strength of the ceramic phase formed after heat treatment/fire increased [11].

2. Experimental

2.1 Materials

Effects of ceramization is to be discussed on the example of four silicone rubber
composites, designated as: F, S, W and N. The materials have similar base made of silicone rubber
filled with pyrogenic silica in the amount of 50 phr. Another 50 phr of fillers, being admixed to
the base, constitute mineral phase, which differs significantly according to composition and the
kind of components. The fillers selected: mica (muscovite) and ZnO - composite F, quartz -
composite S, wollastonite (CaSiO3) - composite W, as well as wollastonite and quartz - composite
N, differ intentionally according to their content, aspect ratio, dimensions and size distribution of
particles.

2.2 Techniques

Performance of the composites during fire testing has been explained based on the results of
their thermal analysis (TGA/DSC and microcalorimetry), as well as morphological studies
(microporosimetry and SEM) and breaking strength analysis of ceramized phase produced due to
heat treatment. The composites studied were ceramized under various conditions:

- by firing in an open flame (measured temperature exceeded 1000°C) with 2 min. soaking
time, or

- by heating in a laboratory furnance, from room temperature up to 600, 800 or 1000°C,
with the heating rate of 20°C/min., followed by 20 min of soaking.

3. Results and discussion

SEM analysis of the composites subjected to ceramization makes possible to reveal the
influence of heat treatment conditions on structure of the materials. The most significant changes
are presented in Fig. 2.

Microscopic analysis of samples ceramized in a laboratory furnace at 800°C (see the left
column of pictures) demonstrates significant differences among the composites studied. The
material N contains the highest amount of pores, contrary to other composites, for which pores are
more difficult to be identified. Detailed information on pore size distribution of the composites
studied is presented by microporosimetric analysis. The porosity of composites N and to small
extent S, contrary to the other materials studied, is represented by two population of pores: sub-
micro and micro ones. Porosity of the composites depends on ceramization conditions. The
smallest pores, of sub-micrometer dimensions, disappear when the materials have been fired
directly in a flame (see the right column of pictures). The total degree of material porosity also
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decreases, what has been found to be dependent on the kind of mineral fillers applied [12, 13].
The smallest changes to porosity have been observed for the composites containing wollastonite
(N), which additionally characterizes themselves by the smallest mass loss accompanied the
increase of temperature and heating rate [14].

A) composite S

Furnance / 800°C Open fire / ca. 1000°C

Fig. 2 SEM images of the composites studied after ceramization: furnance heated at 800°C (left),
fired in an open flame (right).

Admixing of mineral fillers to the silicone base makes heat release rate (HRR) of the
composites decreased — Fig. 3.

The highest effect is observed for the composite S, which represents the lowest heat release
values. Despite the maximum of HRR curve for the material appears in the shortest time, another
maximum in the longest time is present as well. The material N combusts at similar time, but
more vigorously. The composite F seems to be the worst material, according to flame resistivity. It
releases the highest heat in a comparatively short time.

Incorporation of mineral fillers to the silicon rubber matrix changes thermal properties of
the composites. From the results of TG analysis it follows, that the composites studied exhibit
different temperature range of thermal decomposition of silicone rubber. It means that polymer
phase disappears from the system with various efficiency, depending on the composition of its
mineral phase. The process is practically already finished at ca. 600°C for the composite F, needs
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another 20-30 deg to be completed for the materials W and N, whereas the composite S requires
temperature exceeding even 800°C. It decides the composition of fluxing system required for each
of the composites and determines temperature range in which their ceramization process can take
place effectively.

250
—silicone base
—W
200 —S n
—F
- )

HRR [W/g]

. M
: '\
LN

0 100 200 300 400 500 600 700 800
temperature [°C]

Fig. 3 Heat release rate (HRR) of the composites studied.

Created ceramic phase should exhibit limited thermal shrinkage, what allows to avoid
problems concerning breaking or delamination of the surface layer from a polymer substrate [15].
Apart good heat insulation, prolonging the time to material ignition and the decrease of a heat
release during fire, the micro-porous structure has to be strong enough to maintain the integrity of
an electrical circuit. Thermal conditions of ceramization strongly influence shrinkage and
mechanical strength of the composites studied. Generally, the higher shrinkage of material the
lower strength of ceramized composite. The composite N is the only one which shrinks
significantly when subjected to direct fire.
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S-adenosyl-L-homocysteine hydrolase (SAHase) controls a cellular concentration of
S-adenosyl-L-homocysteine (SAH), a byproduct of methylation reactions that utilize S-adenosyl-
L-methionine (SAM) as a methyl donor. SAH is a negative feedback inhibitor of SAM-dependent
methyltransferases, therefore the enzyme serves as a key regulator of SAM-dependent biological
methylation reactions.

Our research has been focused on bacterial SAHase from Pseudomonas aeruginosa
(PaSAHase). The aim of this study has been (i) to investigate the role of monovalent cations in
SAHase catalysis, with emphasis on K" ions, and (ii) to explain the mechanism of PaSAHase
inhibition by zinc ions. By combining X-ray crystallography with enzyme kinetics assays and ITC
studies, as well as with 2Na NMR spectroscopy, we were able to elucidate the effect of the
monovalent cations on ligand binding, and to explain why the enzyme is most efficient in the
presence of potassium. PaSAHase preferentially binds K™ ion at the monovalent cation
coordination site of the protein hinge region. Enzymatic and ITC studies confirm that among the
alkali cations, the K" ion stimulates the highest enzymatic activity and strongest ligand binding.
K", but not other alkali cations, enables unique dynamic properties (domain movement) of the
enzyme to ensure its maximum catalytic activity. The K' ion stabilizes the enzyme-substrate
complex in the closed conformation for a time interval required to complete the catalytic cycle.
Also, we confirmed the presence of zinc ions by X-ray fluorescence and explained structurally
that the potent inhibitory effect of Zn>" cations on PaSAHase activity is based on arresting the
enzyme in the closed, inactive conformation.
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Introduction

One of the features of the modern world is the increased attention of the international
community to the problems of rationality and efficient use of energy resources, the introduction of
energy saving technologies and searching of renewable energy.

The main environmental damage associated with global climate change of the Earth —
greenhouse effect, caused mainly from mining, processing and burning of fossil fuels — coal, oil
and gas. The greenhouse effect is up to 75% share of the anthropogenic environmental damage. In
this regard, the satisfaction of growing needs of the world's population in fuel, electricity and heat
simultaneously with the environmental safety necessitates the development of renewable energy,
because oil — not single raw material for getting of high—efficient organic fuels for engine.

Transportation and environment

At the modern stage of development the use of energy accounts for a major fraction of all
anthropogenic emissions of greenhouse gases (GHGs), and in most industrialized countries
transportation fuel use produces a major fraction of all energy-related emissions.

Globally, transportation contributes approximately 14 % of GHG emissions (fig. 1). GHG
emissions from this sector primarily involve fossil fuels burned for road, rail, air, and marine
transportation. Almost all (95 %) of the world's transportation energy comes from petroleum-
based fuels, largely gasoline and diesel.

Transport emissions are expected to increase rapidly -

over the next few decades. The IEA projects that energy N

use and CO; emissions in developed countries will rise by \\.\ (Electricity and
approximately 50 % between 2000 and 2030. Emissions i, W 25%

in developing countries are expected to rise even faster, in 21% '

some cases more than doubling between 2000 and 2020.
The largest sources of GHGs emissions in

transportation sector include passenger cars and light-duty Ui and 0“';:,‘

trucks, including sport utility vehicles, pickup trucks, and

minivans. The remainder of GHGs emissions comes from

other modes of transportation, including freight trucks,

Agriculturel:oresny

nd Use

aircrafts, ships, boats, and trains, as well as pipelines. The
particular share of aviation emissions is about 2 %. The
activities of the transportation release several million tons
of pollutants each year into the atmosphere: Pb, CO, CO,, CH4, NOx, N,O, CFCs, PFCs, SFs,
CsHg and other VOC'’s, Zn, Cr, Co, Cd, PM (ash, dust).

Production and use of motor fuels

The vast majority of modern transport vehicles is powered by conventional motor fuels,
which are predominantly derived from crude oil. Globally, the transport sector is responsible for
around 28 % of energy consumption, and demand is still growing (fig. 2).
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The transport sector constitutes about 56%

of global oil consumption, and it is heavily

dependent on oil products (92%) (fig. 3). Alternatives to oil products are natural gas, biofuels, and
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Fig. 3. Total Final Fuel Consumption in the
Transport Sector
(Source: IEA Key World Energy Statistics 2016)

electricity (Key World Energy Statistics
2016).

Natural gas use in transport constitutes
only 6.9% of total natural gas consumption.
According to the IEA’s World Energy
Outlook 2016, natural gas use in transport is
slowly growing. Two-thirds of the projected
growth is occurring in road transport; most of
the remainder is liquefied natural gas (LNG)
for the shipping sector.

Production and use of biofuels in
transport sector

Biofuels currently contribute around 3
% of energy used in transport globally.

Biofuels production has more than tripled since 2005 and has reached 74 megatonnes of oil
equivalent (Mtoe) in 2014 (fig. 4). An estimated three-fourths of this production is fuel ethanol,
and most of the remainder is biodiesel produced by the esterification of fatty acids; hydrotreated
fats and oils also contribute a minor but increasing share. Advanced biofuels production from
lignocellulosic biomass is still under development, and volumes produced are estimated to
constitute less than 1 % of total biofuel volumes. Most of the biofuels produced are consumed in
low-level blends in conventional vehicles; alternative fuel vehicles, which need to use highlevel
blends of biofuels or other sources of energy, have been adopted quite slowly.
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Fig. 4. World Biofuels Production in 2014
(ktoe) (Source: IEA Headline Energy Data
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Production and use of aviation fuels

Modern civil aviation is developing constantly. The world volume of aircraft transportation
increases on 4-5 % annually. As a result during last decade consumption of fuels for air-jet
engines has increased on 21 %. As it is stated in about 5.5 thousand barrels of jet fuel is produced
and consumed in the world daily. Today, according to the data presented by the World Airfleet,
there are 2 thousand airlines around the world. The world amount of passenger air travels
increases on 4 — 5% annually. Basing on IATA forecasts the world civil air fleet will reach 35
thousand units till 2025.

Increasing of air fleet and number of flights lead to growing of jet fuel use. Some scientists
state that we use about 290 thousand ton of jet fuel daily. Thus, production of jet fuels is still one
the leading branches in world oil processing.

Such situation promoted strengthening of ecological requirements to quality of jet fuels.
Number of influential organizations took measures on prevention of aviation negative impact on
environment.

The resolution of European Parliament about minimization of the consequences of aviation
activity for climate change (INI/2005/2249) clearly states that: “European Parliament strongly
demand the cooperation in implementation of jet biofuels, in such a way promoting minimization
the consequences for climate changes”.

International Air Transport Organization has announced the task to reduce CO; emissions on
50 % by 2050. At the same time European Commission has adopted policy on the reduction of CO,
emissions on 60 % by 2050. the share of low-carbon aviation fuels should reach 40 % by 2050.

Contrary to the ground transport sector, which can use electric energy, aviation has no near-
term alternative to liquid hydrocarbon fuels (electric commercial aircraft are unlikely before
2040). Therefore, alternative aviation fuels are considered to be the main and leading energy
solution to mitigate the emissions growth of the industry in the medium term

The special attention to the question of civil aviation “greening” is traditionally paid by
ICAO (International Civil Aviation Organization). During the 38-th session of I[CAO Assembly
that was held in November 2013 there was a proposal on “... collecting information about
development of alternative aviation fuels ... and estimating the progress in reaching global tasks
of the modern civil aviation”. In a result the AFTF (Alternative Fuel Task Force) Group was
created. Its main task is review and analysis of alternative kinds of fuels, available feedstock,
technologies and volumes of its production.

However during the 39-th session of ICAO Assembly that was held in 2016, the
development, deployment and use of alternative motor fuels become officially recognized as a key
measure for reducing climate changes resulting from air transport activity. States and governments
were recommended to provide complete approval and support for activities intended for
alternative fuels development and implementation.

The main principles of European Policy in sphere of alternative aviation fuels use are stated
in the following documents:

- Directive 2009/28/EC of the European Parliament and Commission on 23.04.2009 about
stimulation of energy from renewable sources use;

- Agreement of the European Commision on 08.02.2006 *“ European Union Biofuel
Strategy” that determines 7 strategic directions for development and production of
biofuels by the member and associated states;

- Directive 2009/30/EC of the European Parliament and Commission on 23.04.2009 about
technical requirements to gasoline, diesel and gas fuels and implementation of the
mechanism for monitoring and reduction of greenhouse gases (Directive on Fuel Quality).
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Today there is a great variety of technologies for alternative jet fuels production. The most
well-developed among them are:

- Fuels derived from conventional oil;

- Fuels derived from unconventional oil feedstock (oil sands and oil-shales);

- Fuels derived synthetically from natural gas, coal, or biomass via the FT process;

- Fuels derived from renewable plant oils and animal fats (ethers of fatty acids and

hydroprocessed renewable oils);

- Fuels derived from alcohols (ethanol and butanol);

- Fuels derived from micro- and macro-algae;

- Fuels derived from household waste and halophytes via pyrolisis.

Before the 2012 there was no practical experience in application of aviation biofuels in
Ukraine. National aviation university was first who started researches intended for development
of alternative jet fuels. Generalizing the world’s experience in alternative jet fuels development
we have concluded that the most optimal kind of aviation biofuels is biokerosene, which is
derived from renewable oils. Feedstock for biocomponents production is oils, obtained from seeds
of various agricultural oily plants: rape, sunflower, camellina, jatropha, canola, palm oil, etc. The
main factor for feedstock selection is surely geographical and climatic conditions typical for
country-producer and optimal for certain oily plant cultivation.

In general Ukraine among other countries have considerable resource potential for
alternative jet fuels production from plant oils. Being one of the leading countries in Europe by
volumes of rape and sunflower production Ukraine is still one of the top rapeseed exporters to
EU. At the same time Ukrainian oil producers promote growing of new biofuel cultures, such as
camellina, soy and some others. Today, Ukraine has all possibilities for alternative jet fuels
manufacturing for satisfaction of its own needs and for export also.

Implementation of biofuels derived from plant feedstock surely has potential and
perspective for its future development. Application of biofuels should be totally is the scope of
sustainable development principles and doesn’t do harm to food industry. In future application of
alternative jet fuels will have the following positive results: availability of feedstock that is
important for countries, which don’t possess it own deposits of fossil fuels; saving of exhaustible
energy resources; decreasing volumes and toxicity of aircraft exhaust gases, thus protecting air
quality in lower atmosphere layers; comparative simplicity and low cost of biofuel production
process; low price for biofuel comparing to traditional kerosene; stimulation of agricultural
complex development in countries-producers of biofuels.
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OBTAINING AND APPLICATION
OF COUMARONE-INDENE RESINS
ON THE BASIS OF LIQUID PRODUCTS COKING PROCESS
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Lviv Polytecnic National University, 12 Bandery Str., 79013 Lviv, Ukraine,
gajva@polynet.lviv.ua

Abstract. Coumarone-indene resins (CIR) were obtained from various liquid coal coking products. CIRs with
different groups were synthesized via cooligomerization of unsaturated compounds presented in narrow fraction of
light fraction of tar pitch with the addition of different industrial monomers. It is proposed to use these coumarone-
indene resins to obtain polymer modified bitumen with excellent adhesive properties.

Due to its natural properties petroleum bitumen is unable to create the conditions for
long-term operation of pavement under modern heavy duty traffic and adverse weather
factors. Therefore, it is necessary to radically improve the physical and mechanical
characteristics of these materials by complex modification with additives. Coumarone-indene
resins (CIR) have shown themselves as qualitative modifiers of oxidized bitumen and bitumen
emulsions [1, 2].

These resins can be produced from liquid by-products of coal coking [1-3]. "Crude"
benzene (GB) and light fraction of tar pitch (LFTP) were used to obtain a narrow fraction
(indene-coumarone fraction (ICF) — 140-190 °C or 150-190 °C).

The ICF components content was determined by the chromatographic method and it is
represented in Table 1.

The investigations of ICF components content from GB (140-190 °C) were carried out
using Khromatek-Crystal 5000.2 gas-liquid chromatograph (Yoshkar-Ola, Russia). The
column by the length of 50 m was filled with liquid phase of Pona. The column temperatures
were from 40 to 180 °C; flame ionisation detector was used.

The investigations of ICF components content from LFTP (150-190 °C) were carried out
using Crystal 2000M gas-liquid chromatograph (Yoshkar-Ola, Russia). The column by the
length of 3 m was filled with Inerton-super (0.16-0.20 mm fraction) + 10% tricresyl
phosphate. The column temperature was 130 °C, evaporator temperature 200 °C, detector
temperature 200 °C.

From the LFTP, a narrower fraction (150-190 °C) was withdrawn, compared with the
ICF of GB (140-190 °C). This was done in order to increase the content of unsaturated
compounds in the raw material. However, the content of unsaturated compounds (first of all,
owing to styrene) in fr. 150-190 °C is significantly lower than that in fr. 140-190 ° C.

As it was found in previous studies, in conditions close to the optimal ones the synthesis
of CIR from both types of raw materials (RM) was carried out via ionic polymerization
method. The raw material was pretreated via drying and removing pyridine bases using 72%
sulphuric acid. Such procedure allows to decrease catalyst amount and increase CIR yield and
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softening temperature. Then the ready raw material was loaded into a reactor and the reaction
conditions (time, temperature, catalyst amount) were set. Polymerization was carried out
under stirring. The obtained product was washed by water till the reaction became neutral.
Unreacted material was distilled from CIR under vacuum. The results are presented in Table 2.

As can be seen from the data obtained, the resin yield of fr. 150-190 °C from LFTP is
much smaller. It should be noted that the effectiveness of this type of resin using as
components of bitumen significantly depends on its softening temperature (see Table 3).
Therefore, resin from RM2 (CIR2) cannot be used to modify bitumen.

To prepare polymer modified bitumen (PMB) a definite amount of bitumen was heated
to the given temperature, then a modifier was added and stirring was switched on (Re = 1200).
The modification was carried out for 1 hr at 110 or 190 °C. Polymer amount was determined
by the experiments taking into account that necessary softening temperature of PMB should
be 52-54 °C (according to DSTU B V.2.7-135:2007 for bitumen modified by polymers, grade
BMP 60/90-52 it must be not less than 52 °C).

To solve the possibility of overshooting resins from fr. 150-190 °C an initiated
polymerization was used. At the same time, oxygen-functional functional groups were added

to the resin.
Table 1

Components content in raw materials

Content in the fraction (wt%)
Component
140-190 °C from GB (RM1) | 150-190 °C from LFTP (RM2)
Benzene 0.48 1.27
Toluene 4.44 10.34
Ethylbenzene 1.98 2.38
-Xylenes 3.79
ifind 25.73
m-Xylenes 23.82
0-Xylenes 5.15 4.24
Styrene 18.13 251
0-Ethyl toluene 2.35
1.46
p-Ethyl toluene 2.59
Pseudocumene 431 3.41
2,3-Benzofuran (coumarone) 1.65 3.55
Indane 12.85
22.15
Indene 11.05
Naphthalene 2.08 4.00
Methylnaphthalenes - 10.58
Other hydrocarbons' and non-identified 10.56 3.15
Total 100.00 100.00
'Components, the content of which in all samples did not exceed 1%
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Table 2
Characteristics of CIR

Values
Index
For CIR1 from RM1 For CIR2 from RM2
CIR yield (wt%) 39.2 17.20
Softening temperature (°C) 124 88

Synthesis conditions: catalyst concentration (TiCly) — 3,0 wt%; temperature — 40 °C; time — 40 min.

Table 3
Dependence of PMB adhesive properties on CIR" softening temperature [1]
Bitumen content | CIR content |Softening point (ball & ring| Adhesion to Low-temperature
(Wt%) (Wt%) method) of CIR (°C) glass (%) adhesion (%)
88.0 12,0 97 77 70
91.9 8,1 120 85 74
92.7 7,3 128 100 97
93.3 6,7 135 100 98
93.6 6,4 140 100 100
95.0 5,0 185 100 100

'Resins were synthesized from fr. 140-190 via ionic polymerization method

Cooligomerization of fr. 150-190 °C was carried out in metal ampoules by the capacity of
100-500 ml. The ampoules were loaded by the corresponding mixture, blown with an inert gas,
closed and placed into a thermostat. After cooligomerization the mixture was vacuumized at
100 °C and residual pressure of 2.67 kPa in the presence of inert gas (CIR3, 4; see Table 4). After
finishing the process the ampoules were cooled to the definite temperature and the matter was
precipitated using petroleum ether (CIRS; see Table 4). The precipitated product was dried in
vacuum oven at 40 °C.

Table 4
Preparation conditions and yield of CIR obtained from fr. 150-190 °C by initiated polymerization

CIR yield
Resin Composition of the raw material mixture (wt%) Synthesis conditions (wt?’je)
0
. Fr. 150-190 °C — 75,4; st — 11.2; methacryli
CIR3 (with r- . ) Syrene . m.e -acr.y ¢ Temperature — 80 °C;
b ) acid — 3,1; 2,2°-Azobis(2-methylpropionitrile) in i 6 hr 7.7
CATbORY Brotps the form of 0.2 M solution in toluene — 10.3 Hme
Fr. 150-190 °C — 76,8; styrene — 8,6; glycidyl
CIR4 (with epoxy | methacrylate — 6,8; monoperoxide derivative of Temperature — 120 °C; 16.7
groups) dioxyphenylpropane diglycidyl ether in the form of| time — 6 hr ’
50 % mass solution in toluene — 7,8
Fr. 150-190 °C — 75.6; methyl methacrylate — 14.4;
CIRS (with ester ! . . me. y. H.le -acry e Temperature — 80 °C;
) 2,2"-Azobis(2-methylpropionitrile) in the form of i 6 hr 21.5
Sroups 0.2 M solution in toluene — 10.0 Hme
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From the fraction 140-190 °C under optimum conditions (catalyst concentration
(TiCly) — 3.3 wt%; temperature — 37 °C; time — 40 min) CIR1-1 was carried out via ionic
polymerization method. CIR1-1 yield was 33.3 wt%; softening temperature
was 135 °C.

Based on CIRI1-1 obtained under the optimum conditions (7 wt%), plasticizer (tar
produced from West-Ukrainian oils — 8 wt%), and BND 60/90 bitumen (85 wt%) we
prepared PMB. Its characteristic is given in Table 5.

Table 5
PMB1-1 from CIR1-1 characteristics (modification temperature — 110 °C)

Standard for BMP 60/90-52 bitumen
Index according to DSTU Values
BV.2.7.135:2007"

Homogeneity + +
Penetration at 25 °C (m-10™) 61-90 62
Softening point (ball & ring method) (°C) >52 52

Ductility (m-107)

at 25 °C >25 26
at 0 °C >5.0 6

Elasticity at 25 °C (%) >50 52
Brittleness temperature (°C) <-15 -16
Flash point determined in open firepot (°C) >230 236

Change of properties after heating:

Change of softening point (°C) <6 5
Residual penetration (%) > 60 61
Adhesion to glass (%) >75 93
Low-temperature adhesion (%) - 82

Destruction while storage:

Difference between softening points (°C) <8 8

Difference between penetrations at 25 °C
(m10™) -

'DSTU is Ukrainian National standards

It means that CIR is an effective modifier of petroleum bitumen. Sample with CIR1-1
(PMBI-1) used meet the requirements DSTU B V.2.7-135:2007.
CIR3-5 was used to prepare PMB as well. The results are presented in Table 6
Table 6
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PMB3-5 from CIR3-5 characteristics (CIR content in PMB — 2,4 wt%o)

Values
g = PMB3 from CIR3 PMB4 from CIR4 PMBS5 from CIRS
(]
Index E g (with carboxy groups) | (with epoxy groups) (with ester groups)
Z S Modification temperature, °C
110 190 110 190 110 190
Softemng point (ball & 46 46 49 49 50 46 43
ring method) (°C)
Penetrati t25°C
cretration a 70 70 61 67 57 69 62
(m-10™)
Ductility (m-107) 63 63 63 >92 >92 72 84
Adhesion to glass (%) | 47 65 97 81 87 65 95
not
Homogeneity normal - + + + — +
ized

It means that CIRs with different functional groups are also an effective modifier of
petroleum bitumen also. The best effect is shown when applying CIR4. This resin can be mixed
with bitumen at 110 °C. When only 2.4 wt% CIR4 is added, the softening point increases by 3 °C,
adhesion increases almost twice, ductility increases significantly.
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Summary

The goal of the work was to prepare catalysts based on natural aluminosilicate and to
determine their activity on a laboratory bench using a model gas. The flue gas from the biomass
combustion process was treated using two series of catalysts. The first series of catalysts was
prepared using a one- and two-step impregnation method from an aqueous solution. Copper and
manganese oxide derived from the corresponding salts were used as the active phase. The second
series of catalysts was prepared in accordance with the statistical method of experimental design
in order to optimize the composition of the tested catalysts. The catalysts contained from 0.1% to
10% Cu and from 0.1% to 4% Mn and were prepared by two-step application of the active phase.
Optimization of the catalyst composition allowed to select the most active catalyst which
contained 4% Mn and 5% Cu and reached a maximum conversion of approx. 95% in the
temperature range from 450 ° C to 500 ° C.

1. Introduction

Domestic boilers powered by biomass are classified as low-emission energy producing
facilities for the needs of individual (dispersed) consumers. They emit relatively low
concentrations of CO, NOx and gaseous organic pollutants, especially when using high-
performance automatically controlled constructions. For this reason, the law on the quality of
boilers available on the market is stricter. From July 2018, it will not be possible in Poland to
produce or install boilers with a lower than fifth emissivity class. failures. The boilers cannot be
equipped with grates, which are usually used for incineration of municipal waste and are often
subjected to failures [1-3].

2. Experimental

Natural aluminosilicate was used as the catalyst carrier and the active phase of the catalyst
was Cu and Mn, derived from the corresponding salts of these metals, i.e. copper nitrate
(Cu(NOs), 3H,0O) and manganese acetate (Mn(CH3COO), 4H,0). The active components of
combustion catalysts were supported by impregnation from an aqueous salt solution - the incipient
wetness method. Single- and two-component catalysts were prepared using the one- and two-step
impregnation method. The one-step method consisted in impregnating the support with an
aqueous solution of metal salts and then drying and calcination. The two-stage method assumed
the application of a second portion of metals to the catalyst prepared in the first stage, followed by
re-drying and calcination. Catalyst activity tests were performed in a reaction system consisting of
an electrically heated reactor connected with gas chromatograph and assistive devices as shown in
Fig. 1. Benzene was selected as emitted model exhaust gas pollution. The model gas saturated
with benzene (concentration in the range of 5 000 — 20000 ppm) was fed into the reactor in which
the catalyst layer was placed in an amount of approx. 0.3 g, placed between two layers of inert
grain material. The flow of the feed during the tests was in the range from 10 000 to
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50 000

. The catalyst bed temperature was controlled using an autotransformer based on the

thermocouple sensor readings.
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Fig.1. The applied system for testing combustion catalysts
1 - reactor with catalyst; 2 - flow regulator; 3 - temperature recorder; 4 - transformer;
5 - cryostat; 6 saturator; 7 - flowmeter; 8 - sintered glass; 9 - pocket thermocouple,
P1 and P2 - gas sampling points for analysis.

The catalyst activity was tested in the temperature range from 200 to 500 ° C and was
determined based on the benzene conversion rate. The concentration of benzene in the model gas
before the inlet to the reactor and at the reactor outlet was analyzed using a N-504 gas
chromatograph equipped with a flame ionization detector. A capillary column with a length of 30
m and a diameter of 0.53 mm filled with dimethyl polysiloxane was used in the analysis of the
products. The degree of benzene conversion was determined in intervals of approximately 50 ° C,
in the range from 200 to 500 ° C.

3. Results and Discussion

In the first series the activities of five catalysts of were determined, in which each catalyst
contained a different composition of the active phase and was prepared in a different way. The
highest activity was obtained by a two-component, copper-manganese catalyst, with the highest
content of metals and prepared using the two-stage impregnation method, where copper was
supported in the first and manganese in the second impregnation. With a the model gas flow

of 25 000

and benzene concentration 10 000 ppm, this catalyst has achieved over 55%

benzene conversion at 350 © C and 95% at 450 ° C. The second series of catalysts was prepared in
accordance with the statistical model of experimentation. For this purpose, 9 catalysts with an
active metals content in the range of 0.1 to 10% copper and 0.1 to 4% manganese were prepared.

All catalysts were tested under a load of 25 000 and a benzene concentration of 10 000

ppm. The analysis of the results made it possible to conclude that the influence of copper content
on catalyst activity in the benzene combustion process is negligible. The catalyst activity depends
mainly on the manganese content and is the highest for the catalysts that contain it. In the first
approach, the first series of prepared catalysts was tested with compositions: MOC1 (10.07% Cu),
MOC2 (10.07% Cu and 3.38% Mn), MOC3 (4.21% Mn), MOC4 (10.18% Cu and 4.21% Mn) ,
MOCS (2% Cu and 2% Mn) and carrier. The activity tests were carried out under GHSV
conditions = 50 000 h" and =10 000 ppm. The influence of temperature on the conversion
of benzene was determined and the obtained results are shown in Fig. 2. The highest activity was
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presented by two-component catalysts prepared using a two-impregnation method. All tested
catalysts were characterized by a negligible conversion, combustion of benzene up to 300 ° C.
Only the MOC2 and MOCH4 catalysts achieved benzene conversion above 95% at temperature 450

°C. Fig. 3 shows the effect of changing the flow of the model reaction mixture over the MOC2
catalyst on its activity.
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Fig. 2. Benzene conversion using the first series of catalysts as a function of temperature

100 |

=0=50 000 /J( A Lr
——25 000 /

=10 000 /
/f/
0 @P&

200 250 300 350 400 450 500
Temperature [°C]

]
(e
]
|

D
S
]
|

[}
(e

Benzene conversion [%]
N
(@)

Fig. 3. Benzene conversion using MOC?2 catalyst and various model gas flow (GHSV)
as a function of temperature

3
Fivefold reduction of the model gas flow to GHSV = 10 000 Z:f—az_u allowed to
kat
significantly increase model gas conversion. Under these conditions, the MOC2 catalyst at 350 °©

C reached over 90% benzene combustion.
Fig. 4. presents the effect of changing the benzene concentration on the catalyst activity

3
under the same catalyst reaction mixture flow (GHSV = 25 000 ;nmf—az_l;l). When the concentration
kat
of benzene changed from 10 000 to 20 000 ppm, a slight reduction in the conversion was noted.
At 400 ° C, the catalyst achieves approximately 90% conversion for the three applied benzene
concentrations. Based on the results of the first series of catalysts and the determination of the

best parameters of the apparatus, the research of the second series of catalysts was designed. In

3
Fig. 5, the results of tests for GHSV =25 000 Cmfﬂ and C¢_p,) = 10 000 ppm are presented. The

CMyqrh
graph presents the conversion characteristics for nine prepared catalysts. 4% manganese
containing catalyst showed the highest activity, lower activity was achieved by three more
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catalysts with a 2% manganese content. The influence of copper content on the activity of tested
catalysts in the afterburning process is unnoticeable.
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Fig.4. Effect of change in benzene concentration on benzene conversion onMOC2 catalyst.
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Fig. 5. Comparison of the activity of the second series of catalysts, the obtained conversions
as a function of temperature

The curves in Figure 5 are arranged in characteristic bands, for the catalysts with identical
manganese content (4%, 2% or 0.1%). Within each band there are three curves describing
catalysts with different copper content. It is clearly visible that copper does not affect the activity
of the tested catalysts in a noticeable way.

4. Conclusions

Conversion of benzene depends mainly on the content of manganese and is the highest for
the catalyst, which in its composition contains the maximum amount of this metal (4% by mass)
and the minimum share of copper.
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MOANU®PIKALIA IU3EJBbHUX ITAJINB OPTAHIYHUMUA
KOMIIOHEHTAMM 3 HEXAPYOBOI CUPOBUHU

Onena Illesuenko, Banepin Kamenesa
JIBH3 " Vxpainucokutl depocasHuti Ximiko-mexHono2ivHull yHieepcumem''
np. L'aeapina,8, m. [ninpo, 49005, e_shevchenko@ua.fm

Po3risiHyTi mUTaHHS 3acTOCYBAaHHS METHJIOBUX €CTEpIB JKHPHHX KHUCIOT, OTPUMAHUX 3 BIiJIXOZIB
Xap4oBoi IPOMHUCIIOBOCTI, @ TAKOK TEXHIYHMX POCIMHHHX OJIi Ta TBApWHHHUX *kHpiB. Jlocnimkeno ¢izuko-
XIMIYHI Ta eKCIUTyaTalliiiHi BJIACTHBOCTI CyMIIIICBUX MU3ENBbHUX majuB. [ligiOpaHi mpucaaku, M0 MOKPAIIYIOTh
HU3BKOTEMIIEpATypHI Ta AHTHOKUCIIOBAJIBHI BIIACTUBOCTI CyMmimeld Oioam3ens 3 HA(TOBHM MNaJUBOM.
BukazaHi nmpumyImeHHs Ipo MOKIIMBE 301IbIIEHHS KOHIEHTpallii Oioan3ens B cyMinieBux nanusax 10 30%.

KitrouoBi ciioBa: 0iou3ebpHE MANNBO, CyMillIeBE TU3ebHE MalUBO, HEXap4oBi OJIil 1 XKHPH,

OnmHUM 3 BaXJIMBUX HAIMPSIMKIB HAyKWd 1 TEXHOJOTI € OTPUMaHHs 1 3aCTOCYBAaHHSI IaJIMB.
Toproui xonanuHu — HadTa, BYrJuIsd Ta IPUPOAHUIN Ta3 BITHOCATHCS J0 MOHOBIIOBAHHUX JUKEpEI
eHeprii. [lanmBa pPOCIMHHOTO TOXO/DKEHHS — CHUPTH, POCIMHHI OJii 1 OlogM3ens Tex €
MOHOBIIIOBAHUMH JDKepenaMu eHeprii. BoHM MaroTh HE3HAYHWH BIUIMB HAa HABKOJHIIHE
CEpEOBUIIIE 1 HE MOPYIIYIOTH OallaHC aTMOC(EPHOTO BYITIEIIIO.

PocnunHI 1 TBapUHHI XUPH CKIAAIOTHCA 3 CyMIllll TPUDIILEPUIIB — TiAPOPOOHHUX CIIOIYK,
0 YTBOPIOIOTHCS B KUBUX OpPraHizMax y MpoIleci BHYTPIIIHbOKIITUHHOTO 00MiHY pedoBHH. Omii
1 JKMpHI KHCIOTHM € TPHUPOJHUMHU JDKEpelTaMy HE3aMIHHUX JKUPHUX KHCJIOT: JIHOJEBOi 1
apaxiJoHOBOI. B mpupomir HalOUIbII YacTO 3yCTPIYarOThCS HACHYEHI JKUPHI KUCIOTH, 0 SKUX
BIJTHOCATBCSL MaclisiHa, KalmpiHOBa, JIAypMHOBA, MHUPUCTHHOBA, MaJIbMITUHOBA, CTEAPHUHOBA, JIO
HEHACUYCHUX — apaxiJIoHOBO1 i epykoBa [1].

B ocranni poku 30UTBIIMIACS KUIBKICTH JOCHI/DKEHb, MPHUCBAYCHUX TEXHOJOTISIM
MIEPETBOPEHHSI OJIM 1 JKUPHUX KHUCJIOT B IHIII MPOAYKTH. Po3poOka MeETOMIB €NMOKCHIYBaHHS,
rigpyBaHHs 1 mepeeTepudikaiii o B MPUCYTHOCTI Karali3aTtopiB i 6i0KaTai3aTopiB J03BOJIMIA
OTPUMYBATH TaliiBa, sSKi € aJbTEPHATHBOIO TpaauLidiHUM Hadrompoaykram. Hampuknaa, B
nporeci nepeerepudikailii B'I3KiCTh 01 3HUKYETHCS, IO TO3BOJISE 3aCTOCOBYBATH HOTO B SKOCTI
OionanuBa. B Oaratbox naep:kaBaXx BUpPOOJAIOTH pifke O10MaJMBO 3 PI3HOMAHITHOI POCIHMHHOI
cupoBuHU. Ipu 1bOMY (I3MKO-XIMIYHI BJIACTHBOCTI MajlMB, OTPUMAHUX 3 POCIUHHUX OJIiM,
OM3bKI 10 BIACTMBOCTEH HA(TOBOTO AM3EIBHOIO MajiuBa. ToMy Iu3eibHI JBUTYHU B JOCTaTHIN
MIpi IPUCTOCOBaHI 10 POOOTH HA POCIMHHMX OJIAX Ta MPOAYKTAX IX MEepepoOOKH.

JI>xepesoM oiii € oiiiHI pOCIHHY, SIKI MICTATh B PI3HUX CBOiX YaCTUHAX (TOJIOBHUM YHHOM
B HACiHHI) pOCJIWHHI XupH. OTpuMaHHS OloAM3eNs MOXKIUBO 3 OyIb-SKOTO TBapHWHHOTroO abo
POCIMHHOTO JKUDY, JKUPHHUX KHUCIOT Ta iX BIAXOMAIB. AJle BHUKOPUCTaHHS POCIUHHUX ONIHd B
YUCTOMY BUIVIAJI B SIKOCTI MajuBa JJSl JU3ENIB CTPUMYETHCS MiJBUIICHUM HarapoyTBOPEHHSM,
BHCOKOIO TEMIIEPATYPOIO 3aCTUTaHHS Ta BUCOKOIO B S3KICTIO [2].

BupoOGHHIITBO 1 BHMKOpUCTaHHS OI10JU3€NBbHOTO NaluBa B YKpaiHi JacThb MOKJIMBICTb
paZuKaibHO BUPIIIMTU €KOJOr0-eKOHOMIYHI MpoOIeMH €KOHOMIKM HAIoi Jep>KaBH, OCOOIUBO B
cinechbKiil MicueBocTi. B Ykpaini € HeoOXigHi yMOBH Jisi BUPOOHUIITBA MPAKTUYHO BCIX BHJIIB
aJIFTEPHATUBHOI IMOHOBJIIOBAHOI €Heprii, B ToMy 4Mcii 1 6lonanuBa — OioeTaHoly Ta 6i01u3es.
[ToTpiOHa TITHKHM BIANOBIIHO 3Ba)KEHA Jiep KaBHA MOJITUKA, sIKa MOIVIa O CIPHUATH PO3BUTKY LIOTO
€HEepPreTUYHOr0 HaNpsSMKY LUIIXOM CTBOPEHHS BIAMOBIAHOTO IPAaBOBOIO 1 €EKOHOMIUYHOTO IOJIS a
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TaKOX HAaJaro/PKEHHsI BUPOOHMIITBA B KpaiHi OONagHaHHS, HEOOXITHOTO JJisi BUPOOHHUIITBA IUX
OI10JIOTTYHUX EKOJIOTTIYHO Oe3MEeUYHMX BUIIB ManuBa [3].

IIpu mepepoOui Xap4oBOI CHUPOBUHH YTBOPIOETHCS BEIHMKA KUTBKICTH IKHPOBMIIIYIOUUX
BIIXOMIB, SIKI HE 3aBXKIU 3HAXOAATH KBamiikoBaHe 3acTocyBaHHA. B VYkpaiHi, Hampukiasm,
CyMapHa KUTbKICTh TaKUX BIIXOJIB CTAHOBUTH OJU3BKO OJHOTO MUIbHOHA TOHH HA PIK. 3a MICSIIb
YKpaiHCHKI MAPHEMCTBA OTPUMYIOTH JIUIIE Kyps9oro xupy omuspko 1000 T.

Tabauysa 1
OO0csAru yTBOpPEeHHSI KYypPAYOro ;KMPYy Ha MiANPHEMCTBAX Y KpaiHu
Ha3zpa mignpuemMcTBa KinbkicTh Kypsigoro )upy 1/mic
[MAO «MupoHIBCbKHI XITIOOMTPOLYKTY 200-250
TM «["aBpHITiBCHKI KypUaTa 100-120
3AT «lIraxoxoMOiHaT) J{HIMTPOBCHKHII» 30-35
[Hmi mignpuemMcTBa 500

Jlesiki TBapWHHI XUPU HE MOXYTh OyTH BHUKOPHCTaHI JUIS BUTOTOBJICHHS MHJIa Yepes3
HEBIAMOBIAHICTE HOPMaM 3a KOJILOPOM, MPO30POCTi, 3a0pYIHEHHS JOMIMIKaMHU 1 T.J. 30Kpema,
MOBa #Jie Tpo CyMillli CBUHOSJIOBHYOTO XXHpY, SKUH € BigxomoMm M'sicomepepoOku. Kypsuwmit i
puO'sTUnii )KUPU BHUKOPUCTOBYIOTHCS JIMIIE YACTKOBO B SKOCTI 0OABOK /0 KOPMIB Ui TBapuH,
iHIIa, OUTBIIA YAacTHWHA, HE 3HAXOJIUThH KBai()iIKOBAHOTO 3aCTOCYBAHHS 1 MOXE CIIY)KUTH IS
BUTOTOBJIEHHS Oiou3ens. [lepepoOka TeXHIYHUX TBAPUHHUX KHUPIB HU3BKOI BAPTOCTI € HE TUIBKU
JOJATKOBUM JDKEPEJIOM CHPOBHMHU JUIsI CHHTE3y METHIIOBHX ectepiB xupHuX kucior (MEXK),
aJie 1 YaCTKOBUM BHpIIICHHSIM MpoOieMu yTHIIi3alii BiXoiB XapuoBoi npomuciioBocti. He Tpeda
TAKOX 3aiiMaTH BEJHKI IJIOMI CUTCHKOTOCIIONAPCHKOTO MPU3HAYEHHS, HEOOX11H1, HAPUKIIA, JUIS
MOCIBIB piMaKy - TpaAULIiiHOTO JKepena Oioau3ens B €Bpori.

bionuzensHe ManvBO MO BIUIMBY Ha HABKOJIMIIHE CEPEIOBUINE Ta 37I0POB'S JIOAWHU MA€E
Oibllle TepeBar B MOPIBHSAHHI 3 HA(PTOBUM JU3EIbHUM MaJUBOM. TeXHIYHO MOKAa3HUK TEX HE
MOCTYIAEThCA CTAHAAPTY Ha JW3ebHE ManuBo €BpoV. Benuki miomnli HEpoaro4oi 3eMiIi MOXKYTh
OyTH BHKOPUCTaHI JJs1 BHUPOIIYBaHHS BIANOBIIHUX NEPEBHUX MOPI/POCIHH, IO HE TUIBKU
aKTHBI3YIOTh MPHUPOJOOXOPOHHY AISUIBHICTh, @ W MIABUILYTh 3aWHATICTH CUILCHKOTO HACEJICHHS.
bionuzensHe maymBO CTBOPIOE TakoK HeWTpanbHuil nukia CO,, Tak sk CO,, MO NOTPaIIsioTh B
arMocdepy 3 JBUTYHIB, NMOIIMHAIOTH JepeBa 1 pociuHu. s 3aJ0BOJIEHHS HPOTPECYIOYOro
MOMHUTY Ha 0l0JM3eNIbHE MaJUBO MOBUHHA OyTH NMPHUIHSATA CTPATEris MOCTIMHOTO 1 PIBHOMIPHOTO
MOCTa4aHHs OJii Ta >KMUPIB, IO JO3BOJIUTH 3HU3UTH LIHY CHPOBUHH CHHTE3Y OI0JM3EIbHOTO
nanusa. i moJlanbIioro 3HWKEHHS eKCIUTyaTallifHUX Ta KalmiTadbHUX BUTPAT HEOOX1THO TAaKOX
PO3BHUBATH OIOTEXHOJIOTIT 1 TEXHOJIOTIH MepepoOKu.

HesBaxaroun Ha MIBUAKO 3pOCTAlOue CIOKMBAHHS TOHOBIIOBAHOTO MallMBa, IHTErparlis
nporeciB BUPOOHUIITBA MOHOBIIIOBaHOTO NanuBa B Mexkax HII3 noku He3HauHa. Lle Binokpemiene
BUPOOHULITBO CHpHUsiE€ 30UIBIIEHHIO BUTPAT, OCKUIBKHU 3QJIUIIAE€THCS HEBUKOPUCTAHOIO ICHYIOYA
iH}pacTpyKTypa A po3MOLTy 1 BUPOOHUIITBA MMAIUB HAa HAPTOBIA OCHOBI.

Xoua MEXK i mators Garato BiacTMBOCTEH MoMIOHUX 10 HA(QTOBOroO IU3EIBHOTO MANKBA,
3a JESIKMMHU IapaMeTpaMu BCE JK IOCTYMAIOThCA HOMY, 3aBASKH CBOIM XIMIUHIA CTPYKTYpI.
[IpobnemMy BMHMKAIOTH 3 TaKUMHU MOKa3HUKAMM SIK OKMCHA CTa0UIBbHICTb, HU3bKOTEMIIEPATYpPHI
XapaKTepUCTUKU. bBynp-skuil Oiloau3ens y 4YUCTOMY BHUINIAJI Ma€ JOCUTb BHCOKY T'paHHUYHY
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TeMrieparypy (UIbTpOBAaHOCTI, TMOMYTHIHHS 1 3acTuranHs. Yacto BHHHKae HEOOXiIHICTh
oOmaHaHHs MAIIMHKU 1€ OJHUM MaJIWBHUM OakoM. JlomarkoBuwii Oak OCHANIYIOTh JaTYUKOM
TEMIIEpaTypyd Ta HArpiBajJbHOIO CHIpA/UII0 B SIKI Teye 3MallyBaJbHO-OXOJIOJDKYIOUa pilAMHA
aBToMoOuTs. [lepeMKkHyTH cucTeMy Ha Oak 3 010/IM3esIeM MOXHA KOJIM MMaJIMBO B HHOMY JI0CTaTHBO
Harpire.

MEXK — xopommii po3dyrHHUK. Hait, mo yTBOPIOETHCS B HACTIIOK POOOTH JBHUTYHA Ha
TPaIUIIHHOMY JM3EIbHOMY TIaJiMBi, PYHHYETHCS TpU Tepexoai Ha O0ioan3enb 1 BHUKIHKAe
3acMi4eHHs (UIBTPIB Ta IHKEKTOPIB, TOMY BUHUKAE HEOOXITHICTh iX 3aMiHH.

Ha neamantoBanmnx aBromo0inmsix MEXK npu TpuBamioMy KOHTaKTi 3 TYMOBIMMH TpyOKamMu
Ta YHIUTbHEHHAMH po3uuHse iXx. OcoOMMBO CXMIBHI 10 AECTPYKIi HOJIMPOIIJICH, MOMIBIHUII Ta
neski BuaM rymMu. Ha OEH300JMBOCTIHKI mMoJiypeTaHoBi Aerani, ¢roporuiact, TediaoH, BITOH
010/1M3€e1b TAKOTO PYWHIBHOTO BIUIMBY HE BHSIBIISE.

YeyHyTH fAesKi HEJONIKM MOYKHA TaKOXK IMPAaBWIBHUM TMiI0OPOM CHPOBHUHH, TEXHOJOTIT
nepepoOKu ado 3MIITYBaHHSAM 3 TPAAUIIIHHUAM JAU3ETHHUM MATUBOM.

3pa3ku METHJIOBHX €CTEpiB JKHUPHUX KHUCIOT, OTPHUMaHi TPAAULIAHUM CIOCOOOM —
nepeerepudikaIicro TPUDTIIEPHIIB METAHOJIOM TpeAcTaBieHi B Tabn. 2. HaBenmeHi BUMOTH IO
JITHBOTO JU3EIBHOTO TajiBa Ta (PAKTUYHI MOKA3HUKU SKOCTI TOBAPHOTO AM3EIHHOTO TajuBa,
BUKOPHCTAHOTO Y JIOCJiHKEHHI.

IcrotHuM HenmonikoM OloaM3enss € WOro TMOraHi HU3BKOTEMIIEpaTypHi BIACTHUBOCTI i
HEBUCOKa TEPMOOKMCHIOBaJIbHA CTAOUIBHICTh, MIABHILNEHI I'yCTHHA Ta B’SA3KIiCTh. B pesymbrari
3acTOCyBaHHS 010/M3€TsT OOMEXKEHE TEIUIOI TMOPOI0 POKY, a MOTO KOHIEHTpALis B CyMIIIEBUX
nanusi - Ha piBHI 7%. ["apanTiiiHuii TepMiH HOro 30epiranHs He MepeBUIIye 3 MicsIli.

MeTtoro AOCHiKEHHS € PO3LIUPEHHS MOXIMBOCTEH 3acTOCyBaHHs OloAM3eNs B SIKOCTI
N00aBKH 10 MOTOPHUX TAJIUB.

OpaxuiifHui CKIaa XapaKTepu3ye MOBHOTY BUIIAPOBYBAHHS, IIIBUJIKICTb YTBOPEHHS MAJIMBHO-
MOBITPSHOI CyMIIlIl Ta caM TpOIeC 3rOpaHHA, ayie A 0101u3enst TePMiH «KpPHBA TUCTUIISAIIDY
3aCTOCYBaTH HE MOKHA. SIKIIO AM3eNbHE MajivBO MICTUTH COTHI CIIOJIYK, IO KHUIUISATH 3a PI3HUX
TeMIeparyp, To 0i0Au3eNb NPAKTHYHO €AUHUH MPOIYKT, 1 He MOTpedye MOAAIBIIOr0 PO3KiIaay abo
BIITOHKH IHIUBIAyaJbHUX ecTepiB. TakuM YMHOM s Oloau3enst XapaKTEpHUM € BYKUHH
iHTepBan Temmneparyp. B Hachinok nporo Oyab sikuil 6ioan3esnb, HE3aJICXKHO BiJl CHPOBHHHM, MA€E
Jy’K€ By3bKHI IHTEpBaJI KUIIHHS, KM MOKE CBIIUUTH JIUILIE PO BiICYTHICTh 3a0pyaHeHb.[4]

SIK MOKa3yloTh eKCIEepUMEeHTH, NpH aoaaBanHHi 30% Oioauzens mo HadrToBoro mamusa 250-
rpaJycHa TOYKa CyMIIIEBOTO HajiMBa YKiIanaeTbcs B HOpMU ENS90 sk 1 B'A3KICTH Ta T'yCTHHA
CYMIIIEBOTO TaJHBa.

HuspkoremneparypHi BIacTUBOCTI CYMIIIEBHX HajluB OOMEXIOTh IX 3aCTOCYBaHHS.
YucneHHi cipoOu 3HU3UTH TeMIIepaTypy 3aCTUTaHHSA 1 (PIIBTPOBAHOCTI BITOMUMH ACTIPECOPHUMHU
NpUCATKAMU JO03BOJIMJIM BCTAaHOBUTH, IO B OKPEMHUX BHUMNAJIKaX €(EeKT MOXKHA OTpPUMATU BiX
N00aBOK MOJIIANIKIIMETaKpIaToOB B JOCUTh BeNHKii KoHeHTpauii (10 1%). Hamu BcTaHOBIEHO,
10 JETPeccOpy Ha OCHOBI COTOJIIMEPIB €THJICHY 3 BIHUIAETATy, BUSABISAIOTHCS €(EKTUBHIIIUMHU
3a MPUCAJKU Ha OCHOBI MOJTIANKIIMETaKp1IaTiB.

TepMmookuCHIOBaNIbHA CTAOUTBHICTH HAWOUIBII TMOBHO OLIHIOETHCS MPSMUM METOJOM -
00poOKOI0 KHMCHEM MpH 3aJaHiii TemmepaTrypi 3 BHU3HAYEHHSAM KUIBKOCTI YTBOPEHHX CMOJ 1
rereporenHoi ¢asu (meron EN ISO 12205). Hamu BcTaHOBIEHAa MNPUHIMIIOBA MOXJIHMBICTD
cralinizauii 6ioau3ens aMmiHaMu.
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Tabnuys 2
XapakTepuCcTHKH METHJIOBHX eCTepiB JKUPHUX KUCIOT 3 Pi3HOT CHPOBHHH

Jlxepeno cupoBUHU

[
= 88| 2E , 8 . . 5
IToka3nuku § % 2 % g E o E oy % ® S S = = g
S =4 g g = =5 | =5 | E& < =S| 7K
g S |ER|gR|28| B |5 ¢x
= | X A 3 S | E z 7
O O
Opakuitauii ckna:
- ipu Temrnepatypi 250°C,
BUTIAPOBYETHCI% (00),
He Oinblre 65 49 - - 6 — — —
- ipu Temnepatypi 350°C,
BUIIAPOBYETHCS %o (00),
HE MEHIIe 85 87 100 100 75 100 100 100
- 95%(00) meperaHseThCs
npu Temnepatypi,°C,
HE BUIIIIN 360 360 - — 360 — - -
IarepBan Bukinanss, °C - 180-360 |298-340|324-348|210-360 | 259-348|290-350|318-350
IleranoBe 4ucio 51 51 54 56 53 54 52 53

I'yctuna, 15 °C, Kkr/™M° 820-845 825 899 896 899 892 889 -
BsskicTh KiHEMaTHYHA,

2,0-4,5 3,5 8.32 6.58 54 6.68 7.19 7.12

mm?/c ripu 40 °C

Temmeparypa, C:

- crianaxy >55 55 159 142 154 151 169 165
- 3ACTUTAHHS - -14 -3 -5 -7 -3 5 6

- IOMYTHIHHS - -4 7 0 0 2 15 21
- TPAaHUYHOL

¢inbTpoBaHOCTI -5/-20 -8 2 -4 -1 -1 9 20
Kucnorne unciio, MrKOH/T - - 2,1 2,0 0,03 2,2 0,75 0,75
BwicT cipku, Mr/kr <50 10 9 2 0 0 0 0
3onbHICTB, YoMac <0,01 0,01 0 0,006 | 0,029 | 0,016 0,05 0,015
Nomue yucio, T 1,/100r - - 89,1 91,6 101,7 96,9 60,0 60,0

JocnimkeHHs: (Qi3UKO-XIMIYHUX BIACTHBOCTEW OI0aU3€Ns TO3BOJSIOTH MPUIYCTUTH, IO
HOro KOHIEHTpAIis B CyMIIIEBHX MMaJUBaX 32 yMOBH BBEJCHHS BIIOBIHUX MPUCATOK MOXKe OyTH
30umpmena 10 30%. Ilpu npoMy migdip JenpecopHUX MPHCATOK JacTh MOXKIIUBICTD
3aCTOCOBYBaTW 0loAM3enb BeCh pIK. 3HAWIEHO TaKoXX MPUCAIKH, [0  MiABHIIYIOTh
TEPMOOKHUCITIOBAJIbHY CTa0UIBHICT 010 113€Is.

[1]MenpaukoB K.A. MacnoxupoBast mpoMBIIIIeHHOCTH, 2000, No 2, ¢.28-29.

[2] MupoBas uHIyCTpHs OMOTOIUIMBA: OOINAs XapaKTePUCTUKA, WCTOPHA U (PakTOphl pa3BuTus oTpaciu, 2012,
Pexxnm noctymy: http://www.beintrend.ru/2012-10-03-15-15-51
[3] Knothe, G. Energy & Fuels, 2008, Ne 22, c.1358-1364.

[4] Panp, C. JIx. Anamm3 HedtenponykroB. Meroxasl, ux HazHauenume W npumenenue. LIOIT «IIpodeccus»,
CII6,2014.
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SHEBOJIHEHHA TACTKOBHUX ITPOAYKTIB TA AMBAPHUX HADT

FOpiii Fonuy', Mempo T oninbHUYbKUI, Bixmopia Pomanltylc2
Yr1ar «Yxpmamnagma», [lonmascvka 0o1., m. Kpemenuyxk, eyn. Ceiumoscora 3,
golich@ukrtatnafta.com
2HY «JIvsiscoka nonimexuika», m. JIvgis, eyn. Cm.banoepu, 12,
topoil@polynet.lviv.ua

IIpu minroroBui no mnepepobku Hapt Ha HII3 yrBOprorotees 1o ~ 1% macTkOBHX
BOJIOHA()TOBUX EMYINbCiH, [0 30MpPAIOTHCSI HA OYMCHHUX CIOpyAax y HapTOMacTKax i MICTSITh
3HaYHY KUTBKICTh (10 60-80%) 3aemynbroBanoi Bogau i 10 10% MexaHIYHMX AOMINIOK. Bucokwmii
BMICT MEXaHIYHHUX JOMIIIOK B MACTKOBUX BOJOHA(TOBHUX EMYIbCISIX BUKIMKAHO MOTPAIUISTHHAM B
CHCTEMY 3aBOJICBKOI KaHaJi3alii MeXaHIYHUX JOMIIIOK 3 HadTH, 31 CBDKOT Ta 000OPOTHOT BOAHM, 3
TEPUTOPIi MIANPHUEMCTBA 1 TEXHOJOTTYHUX YCTAaHOBOK, BHACIHIOK KOpO3ii oOnmaaHaHHs, muly (3
MOBITPSI), IO TIOTpaImiia B 000POTHY BOAY Ha rpaaupHsx Tomro [ 1].

SIK MOKa3yloTh JOCHIKEHHS, MAacTKOBI BOJOHA(PTOBI eMynbCcii Jyke CTiiiKi W iCTOTHO
BIJIPI3HAIOTHCS Bl 3BUYAHUX BOJOHA(TOBUX €MYIBCI, X04a B HHX MPHUCYTHI 1 IOOYIH BOIH
BIJTHOCHO BEJIMKOTO pPO3Mipy. Bim Toro, HacKuIbKM TOBHO W OMNEpaTHMBHO YTBOPEHI MAaCTKOBI
BOJIOHA()TOBI eMysbCii OyayTh 3alydaTucs B MEpepoOKy 3aJeKuTh 1 pIBEHb BTPAT, 1 CTYIiHb
3a0pyIHEHHS HAaBKOJIMIIHLOTO cepenoBumia. [liaroroBka Ta mepepoOKa CTIHKUX IMaCTKOBUX
BOJIOHA()TOBUX €MYJIbCI BUKIMKAE BEIUKI TPYAHOUI 1 3IHCHIOETHCS HAa KOXKHOMY 3aBOJI IO-
pi3HOMY, 3 ypaxXyBaHHSIM HAasBHUX YMOB 1 MOXJMBOCTEH. 3alydyeHHS MAaCTKOBOTO IMPOAYKTY IO
3HEBOJHEHHS Pa30OM 3 CHPOI0 Ha(TOI € AKTYalbHOIO MPOOIEMOI0 HA ChOTOMHI. 1i BHUpilIeHHS
3HHU3UTH 3arajibHi BTPATH 3aBO/IIB, MIBUIIIUTH X EKOJIOTTYHY OE3MeKYy.

Kpim Ttoro, Ha HagTOBHIOOYBHUX MIANPHEMCTBAX B IpOLECi MiArOTOBKM HadTh 1 1i
3HEBOJIHEHHI TMOOIYHMM MPOAYKTOM € HapTOBI eMyibCii, sIKi B OCHOBHOMY 30epirarorbcsi y
BIIKPUTHUX CTaBKax (amOpax). B Tak 3Baniif amGapHiii HaTi KUIBKICTh BOIU CTAaHOBUTH 15-20 %.
Taky HadTy HEOOXiTHO 3HEBOJHIOBATH 3 MOJAJBIIUM 3aIydyeHHSIM ii 10 mepepoOKu, M0
30UTBIINTE pecypc Ha(TOBOi CHPOBHHHU Ta BUPILIUTH €KOJOTTYHI MPOOIEeMH, K BUHUKAIOTh NIPU
30epiranHi Takoi HaTH.

Meroro gociipkeHb Oyl0 BU3HAUEHHS ONTHMAJIbHHUX MapaMeTpiB MPOLECy 3HEBOAHEHHS
IITYYHO TPHUTOTOBICHUX EMYIbCIH 3 cymimi HadT 1 MACTKOBOTO HAa(TONMPOAYKTY, a TaKOX
ambapHoi HaTH 1 BCTAHOBUTH MAKCUMAJIBHO MOJKJIMBY KUIBKICTh IAaCTKOBOTO TIPOJYKTY B
eMYIbCIl, sIKa HaJXOAUTh Ha 3HEBOAHEHHs. B mporeci npoBeaeHHs J0CIiKeHb Oyl BUKOPUCTaH1
HapTa POXHATIBCHKOTO pOJIOBHMINA, cymiml 3aximHoykpaiHcekux HadT (C3YH), mnacTkoBmii
npoaykt, BiniOpanuit 3 pesepByapiB IIAT «Hadroximik [Ipukapnarts», a Takox Oyno
Bukopuctrano Hapty Oxtupcsroro HIZIY (Bmict mex. gomimok 0,73 %, Bmict Bogu 13,2 %).
KinbkicTh eMynbceii, SIKy 3aBaHTaxyBalu B ekcTpakrop — 100 mi, yac BiICTOIOBaHHS — 3 TO/I.
Temmneparypa nocnimkens cranoBuna 50, 60, 70 ta 80 °C. Sk neemynbratop Bukopucrano J[M-3,
a takox [IM mapok A Ta b. OCHOBOIO JaHUX JeeMyIbraropiB € OJOKKOIOJIMEpHU OKCHUJIB
eTUJICHY Ta nporniieHy [2]. Meronuka 3HeBOAHEHHs OmMcaHa B [2].

VY nHadti PoxHATIBCHKOTO pojoBHIIAa BMIiCT Boau craHoBUTH 0,8 % Mac. 1 MexaHIYHHUX
nomimok - 0,03 % mac. B cymimi HapT 3axigHO-ypaiHCBKMX POJOBHII BMICT BOAM CKJIAJa€
0,11 % wmac., mexaniunux gomimok - 0,008 % wmac. B macTkoBoMy MHpOAYKTi BMICT BOIU -
6,1 % mac. 1 mexaniunux gomimok - 0,5 % mac. AnanizoBaHi HaTH - MaJOCIPYMCTi: MacoBa
yacTka cipku y Hadti PoxxusaTiBchKkoTrO pomosuma - 0,32% mac., C3YH — 0,54 % mac., y HadTi 3
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nactku - 0,42% mac. Jlo BuximHux HadT D0AaBAIM MACTKOBUM MPOAYKT B KiTbkocTi 5, 10, 20 Ta
50 %. OpnepxaHo Aekuibka 3pa3kiB emynbeii I — cymim HapTu POXHATIBCHKOTO pOJIOBHILA
(8’s3kicTh 5,90-10° M*/c) Ta macTroBOTO MPOAYKTY(B s13KicTh 11,84:10° M%/c), Ta mekinbka 3paskis
emynseii 11 — cymim madrt 3aximHoykpaiHChKEX pomoBHmi (B's3kicTs 51,43:10° m%/c) Ta
MAaCTKOBOTO MPOIYKTY. Pe3ynmbraru 10CIipKeHb TPEACTaBIeHO B Ta0muIi 1.

Amnanizyroun nani tabmumi 1, B’s3KicTh eMynbceii | 3 MiIBUIIEHHSM BMICTY HAacTKOBOTO
IPOAyKTY 3pocTae Bix 5,90-10° M?/c 3 HyIbOBEM BMICTOM MACTKOBOTO MPOAYKTY 10 8,25-10° M/c 3
BMICTOM TAacTKOBOTO MPOAYKTY 50 %, OCKUIBKH B’SI3KICTh MACTKOBOTO TPOIYKTY € OUIBIIOI0 BiX
B’s3k0cTi HapTH. B emynbcii 1I, ska mictuTh cymim HadT 3aXiJHOYKpPAiHCHKHX POJOBUII 3
MiIBMINEHHSAM BMICTy NAacTKOBOTO MpPOAYKTY B’SI3KICTH 3MeHmIyethcs Bix 51,43:10° m*/c 3
HYJIHOBHM BMICTOM MACTKOBOTO HPOAYKTY 10 16,40-10° M*/c 3 BMIiCTOM NAacTKOBOTO MPOAYKTY
50 %, OCKiTBKHM B’SI3KICTh MACTKOBOTO MpoxyTy craHoBuTh 11,84-10° M*/c i € Mmemnmoio Bix
B’sI3KOCTI camoi Ha(hTH.

Tabnuys 1
XapakTepucTuka cymimeii HAaQT 3 TACTKOBUM MPOTYKTOM
BwmicT mactkoBoro B’s3kicTb I'yctuna Bwmict Boaw,
Emynsbcii o o 6 2 o 3

npoaykry,% 06. | mpu 20 °C, 10° m“/c | mpu 20 °C, kr/m MJT

. 0 5,90 833,90 0,8
](iMHy;(;’Z‘ ! 5 6,94 842,85 1,1
PoXxHATIBCHKOr O 10 7,04 843,85 1,35
poftoBuIIa) 20 7,24 844,85 1,90
50 8,25 854,80 3,82

0 51,43 846,80 0,11

Emynncis 11 5 22,03 852,80 0,35
(3 cymimni HadT 10 19,01 854,80 0,72
3aXiHOYKpPATHChKUX 20 16,70 858,80 1,35
POAOBHILL) 50 16,40 862,74 3,15
100 11,84 893,60 6,10

I'yctuna y BUnanky emysbcii [ 3011b11yeTsest 13 30UIbIIEHHSIM BMICTY TACTKOBOTO HMPOJIYKTY
Bix 833,9 kr/m> 10 854,8 kr/M, B emynbcii 11 — Bin 846,8 mo 893,6 kr/M’. BmicT Boam B 060X
EeMYIbCISIX 13 30UIBIIEHHSM BMICTY ACTKOBOTO MPOIYKTY (3 BMicTOM Bojau 6,10 mit) 3011b1IY€ETHCS
Bix 0,8 mut o 3,82 mist emynbeii [ ta Big 0,11 mo 3,15 mut mist emynbeii 11

Koxny 3 emynbciit 3HeBogHIOBaM 3a Temneparyp 50, 60 ta 70 °C, KiTbKiCTh 1eeMylbraropa
50, 100, 150 ta 200 r/t. HochmimkeHHs TOKa3alH, IO €MYNbCii, B SKHX BMICT MacTKOBOTO
npoaykty cranoBuB 20, 30, 40 ta 50 % Hi 3a SKMX YMOB HE 3HEBOJHIOBAIUCH. 30UIBIICHHS
TPUBAIOCTI BIZICTOIOBAHHSA JI0 2 Ta 3 TOJMH TAKOXK HE J1aJI0 MO3UTUBHOTO PE3YIbTATY.

B emynbciax I Ta II, sxi mictunu 10 % mactkoBoro mpoaykTy mpu Temmeparypi 70 °C
CIIOCTEpIrajJoch BAAUICHHS BOAM BXe 3a | TOAMHY MOCHIIKEHb, TOMY MOAAJBII JOCTIIKEHHS
IPOBOIMIINCH 3 BUKOPUCTAHHS caMe THX eMY/bCii. [X miyaBany 3HeBOAHEHHIO IPH TEMIIEpaTypi
70 Ta 80°C 3 3acTtocyBanHsAM aeemynbraropis [IM mapok A Ta b, a Takox neemynsraropa /IM-3 B
kinpkocTi 50, 100, 150 ta 200 r/t. Yac BiacTorOBaHHS — 2 TOI.

B tabnuii 2 HaBeZeHO 3aNeXHICTh 3HEBOJHEHHS eMynbeiii [ Ta 11 Big mapku neemynbsraropa,
HOTOo BUTpATH, TEMIEPATYPH MPHU BMICT1 MACTKOBOTO MPOAYKTY B eMyinbcii 10 %.

Amnani3z TaHuX A0CIIDKEHb MoKa3aB, 1o mpu temneparypi 70 °C ta BUTpaTi JeeMynbratopis
50 1/t BimAileHHs BOAM HE BimOyBasoch Hi B OAHINA 3 emynbciid. [Ipu 30imbleHH] BUTpaTH
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neemynbraropis [IM mapok A ta b 1o 100 1/t emynbcis | He 3HeBoAHIOBaNack. Boga Bimgimnack
B emynbcil Il B kimbkocti 10 % mpu 3actocyBanHi aeemynsraropa IIM mapku A, 5 % npu
3actocyBaHH1 geemynbsraropa [IM mapku b ta 50 % — npu 3actocyBanHi geemynsraropa JIM-3.
Cnin 3a3HauuTH, 10 Aeemynbrarop JIM-3 cnpusiB BACTOIOBaHHIO BOAM B eMynbCii I, sika mama
OUTBIIIY TYCTUHY Ta B’S3KICTh MOPIBHIHO 3 emylnbcieto [1. [le MoxkHa MOsICHUTH HasBHICTIO BOJU B
kipkocTi 0,8 % B camill poKHSATIBCBKIM HaTi i, SIK HACIIAOK, OUIBIIOIO CTIMKICTIO yTBOPEHOI
emynbcii. 30unbIIeHHs BUTpatu aeemynsraropi [IM mapok A ta b 1o 150 1/t He mano pesynbsrary
1o 3HeBOAHEHHIO emynbcii . A B emynbceii I 30imbpimenHst BuTpatu aeemynsraropis 10 150 r/t
crpusuIo 30UIbIIeHHIO BimiieHHs Boau 10 20 % npu 3actocyBanHi [IM mapku A, mo 10 % npu
3acrocyBanHi [IM mapku b ta o 65 % — JIM-3.

Tabnuys 2
3ajieskHiCTh cTyneHs 3HeBOAHeHHA eMyJbcili I Ta 11
Bill MapKu ieeMyJIbraTopa, BUTPaTH, TeMIIEPaTypH NMpHU BMicTi nacTkoBoro npoaykry 10 %

Butpara Cryninb 3HEBOAHEHHS, %
Heemynbsratop Temmneparypa, °C ; -
JieeMyJIbraTopa, r/T Emynbcis [ Emynbcia 11
M M. A 70 50 0 0
[IM m.b 70 50 0 0
JIM-3 70 50 0 0
[IM M. A 70 100 0 10,0
[IM m.b 70 100 0 5,0
JAM-3 70 100 20,0 50,0
M M. A 70 150 0 20,0
[IM m.b 70 150 0 10,0
JAM-3 70 150 50,0 65,0
I[IM M. A 70 200 20,0 50,0
[IM m.b 70 200 15,0 28,0
JIM-3 70 200 65,0 92,0
I[IM M. A 80 200 45,0 90,0
[IM m.b 80 200 37,0 65,0
JIM-3 80 200 100,0 100,0

Tineku mpu 30iIbIIEeHH] BUTpatH aeemynsraropis [IM mapok A ta b 1o 200 1/t Bramoch
BIIITUTH BOAY B emMynbcii | B HeBenukiil kimpkocTi: 10 Ta 5 % BinnmoBigHo. B emynscii I mporec
BI/UIUIEHHSI BOJIW IMPOXOJUB IHTEHCHUBHImIE: BiacTosmoch 50, 28 Ta 92 % Boau BIAMOBIAHO 3
3acToCyBaHHAM JeeMmynbraropis I[IM mapok A ta b ta /IM-3 B kinbkocti 200 r/T.

Haiikparii pe3ynsratu Oyau JOCSITHYTI PU BUTpari aeemynbraropa JIM-3 B kinbkocti 200
r/T Ta migsumeHHi Temneparypu g0 80 °C. Bopa Bimaummnace Ha 100 % mpu BUKOpHCTaHHI
neemynsraropa /IM-3.

[IpoananizyBaBIIM pe3ylIbTaTH JOCHIKEHHS BIUIMBY KUIBKOCTI MAcCTKOBOTO IMPOAYKTY B
eMYIIbCil, a TaKoX THIly JAeeMylbraropa Ta TEMIIEpaTypd Ha CTYIIHb 3HEBOAHEHHS MOXKHA
3poOUTH BHCHOBOK, L0 MaKCHMalbHa KUIBKICTh MACTKOBOTO MPOAYKTY B €MYINbCli, MpH sKid
MIPOXOANTH 3HEBOAHEHHS, CTaHOBUTH He Outbie 10 %. IIpu BMICTI MacTKOBOrO MPOAYKTY Oiniblie
10 % B cyMmillli 3 pOKHATIBCHKOIO HAPTOIO 200 3 CYyMIIIIIIIO 3aX1THOYKPATHCHbKUX HAPT BIATUICHHS
BOJM HE BiI0OYBa€ThCS Hi 3a SKUX YMOB.

B Tabnuui 3 HaBeneHO pe3ynbTaTH 3HEBOJHEHHA amOapHoi Hagtu Oxrtupchkoro HIJTY 3
3acTocyBaHHAM AeeMynbraropa JAM-3 B kinbkocti Bifg 500 go 2500 r/1, Temneparypi 50, 60, 70 Ta
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80 °C. Haiibuipry Jeemynbryrouy 3AaTHICTh NpPU 3HEBOAHEHHI amMOapHOI Ha(TU TPOSIBUB
neemynbrarop JAM-3 mpu Temmneparypi emynbeii 80 °C, Butpari 5 mu Ha 100 M1 emynbceii.
JlomaBaHHST QU3EFHOTO MAJIMBA JIO0 ITACTKOBOTO MPOAYKTY HE Jal0 OYIKYBAaHOTO 30OLTBIICHHS
CTYIEHS 3HEBOJIHEHHS J€EMYJIbraropa.

Tabauysa 3
Cryninb 3HeBOHEeHHSI aM0apHoi HadTH Aeemyabraropom IM-3
KinbkicTh 1eeMynbratopa
Temnepatypa, °C Cryninb 3HeBOTHEHHS, Yo
MJT r/T
1 500 50 -
2 1000 50 -
1 500 60 -
2 1000 60 -
2 1000 60 -
3 1500 60 -
4 2000 60 53,6
5 2500 60 72,0
2 1000 70 55,9
3 1500 70 88,7
4 2000 70 96,2
5 2500 80 97,9
5 2500 80 98,2%*

* no amb6apHoi HadTH Oys0 goaano 10 Mi1 AM3ETHHOTO MAIKMBA

Jlume mipu temmeparypi 80 °C 3a ofHY roJuHy 3 3aCTOCYBaHHSM jeemyibraropy JIM-3
BJIAJIOCh JTOCSITHYTH CTYIiHb 3HEBOAHEHHS 98 % .

BucHoBku. /I MOBHOIIHHOTO 3HEBOAHEHHS CyMilmli HadT Ta MacTKOBOTO MPOIYKTY, a
Takox ambOapHoi HadTH, HEOOXITHO BUKOPUCTOBYBATH Jeemyinbrarop JAM-3, skuii moka3aB Kparii
pesynsratu nopiBHsHO 3 IIM mapok A Tta b. Haiikpamii pesyiasraTd AOCTIDKEHHS BIUTUBY
(axTopiB Ha Mpolec 3HEBOAHEHHS CyMilll HaT Ta MACTKOBOTO HPOIYKTY Oynu ojep:KaHi Mpu
Butpari geemynbraropa 200 r/T 1 Ouiblie; TpPUBAIOCTI BiACTOIOBaHHA Onu3bpko 2,0 rTOx;
temmneparypi - 70-80 °C; KUTbKOCT1 ACTKOBOTO MPOAYKTY B eMyibCii — He Ounbie 10 %.

[Ipu 3HeBomHeHHI ambapHOoi Hadtu neemynbratopoMm JIM-3 HEOOXiIHO MiABUIIUTH
temneparypy a0 80 C ta BUTpaTy aeemyibraropa 30UIbIIUTH A0 2,5 KI/T.

[1] Tormmmeaumkmit I1.1., Tonera FO.B.,Pomanuyk B. B. O6e3BokuBanme cMecu HepTel U JIOBYIIIEYHOT'O TIPOTYKTa/
Marepuanbsl MEXKAyHApOJHON HaydHO-TpakTHYeckol KoHpepeHunu ‘“Hedrerazo-nepepadorka-2015”.- VYda.-
c.40-41

[2] P. Topilnytskyy, V. Romanchuk, S. Boichenko, Y. Golych Physico-chemical properties and efficiency of
demulsifiers based on block copolymers of ethylene and propylene oxidess CHEMISTRY & CHEMICAL
TECHNOLOGY. - 2014. - Vol. 8, No. 2. - P.211-218

[3] Tonineauupkwii I1. 1., Pomanuayk B. B., oy FO. B. JIabopatopHi Ta IpOMHCIIOBI TOCIIIKEHHS JIEeMyIbraTopiB
piznux BupoOHMKIB /BicHnk HamionansHoro YuiBepcurery “JIbBiBChbKa IomiTexHika”, cepist «XiMisl, TEXHOJIOTISA
pedoBHH Ta X 3actocyBaHHs». — 2016. - Ne 84.-¢.85-92
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FITTING LABORATORIES OF PJSC “UKRTATNAFTA” WITH MODERN
EQUIPMENT GUARANTEES HIGH PRODUCT QUALITY

Olena Zinchenko
PJSC “Ukrtatnafta™, 3 Svishtovska Str., Kremenchuk, Poltava region, Ukraine
zinchenko-ev@ukrtatnafta.com

PJSC “Ukrtatnafta” is the leading domestic refinery with the design capacity of 18.6 million
tons of petroleum feedstock per year. Due to the toughest product requirements, the refinery is
currently capable of processing up to 5 million tons of crude oil per year. Availability of such
technological processes as catalytic reforming of gasoline, catalytic cracking of residue,
hydrotreatment of fuels, extraction and concentration of individual aromatic hydrocarbons and
others enable to process different hydrocarbon feedstock and obtain products of high quality.

The Central Refinery Laboratory (hereinafter — the Laboratory) of PJSC “Ukrtatnafta” is the
powerful and efficient tool of product quality management. The Laboratory has 178 staff members
and is fitted with over 500 pieces of laboratory equipment (without regard to computer
equipment); 350 test methods have been implemented (213 of them are within the accreditation
scope). The Laboratory performs more than 350 thousand tests per year, which translates into
about 1 000 tests per day. In 2017, the Laboratory issued 4 724 quality certificates.

As part of the Laboratory of PJSC “Ukrtatnafta”, a test center was set up (hereinafter — the
Test Center), which obtained its first accreditation in 1998 for technical competence in
UkrSEPRO certification system. Since 2005, the Test Center of PJSC “Ukrtatnafta” has been
accredited by the National Accreditation Agency of Ukraine for competence according to
requirements of DSTU ISO / IEC 17025. The Laboratory was re-accredited in 2008, 2011 and
2014.

The Laboratory is divided into specialized laboratories, which perform certain functions in
the course of test preparation, performance and processing of test results, such as:

- fuel testing laboratory;

- laboratory for conversion processes;

- MTBE testing laboratory;

- research laboratory;

- analytic group.

The following are the constituents of efficient laboratory operation:

1. Staff of high qualification. Each new employee receives initial professional training from
an experienced qualified staff member before starting working on his/her own. Once in three
years, mandatory staff training and certification is conducted, training courses include classes in
test performance, analytical, organic and inorganic chemistry, production processes. Targeted
training courses are arranged for the disciplines directly tied with laboratory operations (such as
“Pressure Vessels Construction and Safe Operation Code”, “Process Pipeline Operation Code”,
“Electrical Safety” and so on). At the premises of training facilities of the refinery’s professional
training department, classes with the involvement of local and international experts are conducted,
including such innovative educational tools as online webinars. Specialists of the Test Center
periodically receive out-of-house training both in local and international organizations, attend
specialized courses, seminars and workshops.
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2. Arrangement of operations. To ensure reliability of test results, the Test Center performs
the following activities:

- using reference samples and field samples (at least each 20™ test is a check test);

- double checking a value with different test methods;

- comparative tests, both between laboratories of the Test Center and inside one laboratory
by different lab technicians;

- external inter-laboratory comparative tests with such test centers as SGS, Saybolt,
Inspectorate.

The Test Center of PJSC “Ukrtatnafta™ participated in seven rounds of “TEST NAFTA”
Program ("10"™ Chemmotology Center" of the Ministry of Defense of Ukraine). In each round,
more than thirty accredited test centers of Ukraine were involved. In 2017, we participated in
international inter-laboratory tests according to the program of the accredited provider Interproject
Ltd., Bulgaria. The general result of participation was "satisfactory", none of the values fell
outside the tolerances.

3. Test methods and laboratory equipment.

Operations of the Test Center of PJSC “Ukrtatnafta” are aimed, foremost, at obtaining
highly accurate and reliable results, which are grounded in international test methods. Thus,
imported equipment is used to perform distillation (atmospheric and vacuum), determine
kinematic viscosity, existent gum, Reid vapor pressure, low-temperature properties, oxidation
stability of gasoline, coking capacity of 10% residue, flash point, perform chromatography,
determine lead and manganese content of motor gasoline, thermal oxidation stability, copper strip
corrosion test for liquefied hydrocarbon gases, sulfur content, apply titrimetric test methods,
determine lower calorific value of fuel oil and fuels, etc. For those purposes, there has been
purchased and applied hi-tech imported equipment of such manufacturers as Herzog, (Germany),
Analytik Jena (Germany), Tanaka (Japan), Keller (USA), Linetronic (Switzerland), Scavini
(Italy), Agilent (USA), Simadzu (Japan), Mettler Toledo (Switzerland), PARR (USA), Falex
(USA), Oxford (England), Thermo (Evroglas) (the Netherlands) and so on. For the period of
2015-2017, the Test Center of PJSC “Ukrtatnafta” purchased laboratory equipment for the amount
exceeding UAH 14.5 million.

Summing up what has been said, the product quality is ensured not only by its systematic
testing, but also by qualified and advanced approach to test performance. Quality of testing is the
priority of the Test Center of PJSC “Ukrtatnafta”. For this reason, consumers can be 100% sure
both in accuracy of each test result and in quality of an oil product, which has been tested and
certified by the Test Center of PJSC “Ukrtatnafta”.
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E®EKTUBHE BUKOPUCTAHHS OKHCHEHOI'O BYT'TJIJIA
JJII BUPOBHUILTBA TOMEHHOI'O KOKCY

Menuc Mipownuuenko
Hayionanonuii mexuiunuii ynisepcumem «XapxiscoKuil nOJIMexXHIYHUN IHCIMUMYm»,
61002, m. Xapxis, syn. Kupnuuosa, 2, YVrpaina, miroshnichenko@kpi.kharkov.ua

IaTencudikamis podOTH TOMEHHUX TIeUeH 3yMOBIIOE HEOOXITHICTH 3a0€3MEYCHHS BHUCOKOT
Ta CTAJIO1 SKOCTI JOMEHHOTO KOKCY JUIsi BUPOOHMITBA 4aByHYy. KOIMBaHHS SIKOCTI JOMEHHOTO
KOKCY TPHU3BOAATH JO TOPYUICHHS pPOOOTH IOMEHHHUX Iedeil, BTpaTH iX NPOIYKTUBHOCTI,
MIEPEBUTPAT KOKCY, a TAKOXK BUKIMKAIOTh HEOOXIHICTh KOPUTYBAaHHS CKJIAy Ta SIKOCTI JOMEHHUX
IIUXT ISl 3HWOKEHHS] HETATUBHOTO BIUIMBY IIMX KOJIMBAHb.

B cyuacHuX ymMOBax, OHMM 3 HAaHOUTBII €(PEKTUBHUX CIOCOOIB TOJIMIIEHHS CTa0UTLHOCTI
poOOTH TOMEHHMX Teueil € 3a0e3MeYeHHs] BHCOKOTO CTYIEHS PIBHOMIPHOCTI MOKAa3HHUKIB SKOCTI
KOKCY, Ha SIKUI CyTTEBUM YHMHOM BIUIMBA€E KOJIMBAHHS MOKA3HHUKIB SKOCTI BYTULISA, IO HAIXOAUThH
Ha TIPUEMCTBO.

Yepes 3pocrarody ydacTb YKpaiHW B MDKHApOIHOMY PO3MOALTI Mpalli, a TAKOX THUMYACOBY
BTpAaTy KOHTPOJIIO Ha/l 3HAYHOIO YAaCTHHOIO BYITIEHOCHUX PaiOHIB KOKCOXIMIUHI MiJIPUEMCTBA Ta
TETUIOB1 €JEKTPOCTaHIii YKpaiHW 3MyIIeHI BHKOPUCTOBYBATH BEJIMKY KUIBKICTH IMIIOPTHOTO
BYT'UJUISA, SIKE Yepe3 BEIMKY TPUBAIICTh TPAHCIOPTYBAHHS MPUOYBAE IO CHOKHMBAYa BXKE 3HAUHOIO
MIPOIO OKHCHEHUM.

Buxonsun 3 1pOro, BEIbMH aKTyaJIbHUM € BUpIIIEHHS NpPOOJIeMU BUKOPHCTAHHS TAKOTO
BYT'UUISL JUTsI BAPOOHUIITBA IOMEHHOTO KOKCY Ha KOKCOXIMIYHMX MiAMPUEMCTBAX YKpaiHU 3 METOIO
3a0e3MeYeHHs] MOT0 SIKICHUX XapakTepucTuk. Lle B cBoi0 depry morpedye po3poOKH METOTy
OTIEPaTUBHOTO KOHTPOJIO CTYNEHS OKHCHEHHS, MPOBENEHHS JOCHTIPKEHb 1010 BU3HAUCHHS
KIHeTHYHUX TMapaMeTpiB TPOIECY OKHCHEHHS, a TaKoX OIIHKA 3MIiHM TEXHOJOTIYHUX
BJIACTUBOCTEN BYTUJLIS MIPH HOTO OKMCHEHHI, BIACTUBOCTEH OTPUMAHOTO 3 HHOTO KOKCY 1 XIMIUHUX
MPOAYKTIB KOKCyBaHHS. KpiM Toro, HEOOXiqHO pO3pOOUTH HAyKOBO-OOIPYHTOBaHI PEKOMEHIAIlil
11010 BUKOPUCTAHHS BYT'JUIS PI3HOTO CTYNEHIO OKUCHEHHS B IIUXTaX JJIsl KOKCYBaHHS.

MeTto0 po0OTHM € BHpIIICHHS BAXIUBOI HAYKOBO-TEXHIYHOI NpoOIeMu: Ha OCHOBI
PO3IINPEHHS HAyKOBUX YSABJICHb IL[0JIO MPOLECIB OKUCHEHHS KOKCIBHOTO BYT'ULIS PI3HOTO CTYIEHS
MeTraMop(i3My Ta BUBYEHHS MOTO BIACTUBOCTEH mpH 30epiraHHi i MiATOTOBIN O KOKCYBaHHS
pPO3pOOUTH  HAyKOBO-OOIPYHTOBaHI pEKOMEHJAIli II0J0  paIliOHATHHOTO  BUKOPUCTAHHS
OKHCHEHOTO BYTUIIS JJIs1 BUPOOHUIITBA TIOMEHHOTO KOKCY.

HaykoBa HoOBHM3HAa oTpuMaHMX pe3yabTariB. Ha mincTaBi BHUKOHAaHUX JOCIHIIKEHb
OTPUMAHO HACTYIHI HAHOLIBII BayKJIMB1 pe3yIbTaTH.

1. Bmepuie BCTaHOBJIEHO, IO MPOIIEC OKMCHEHHS KOKCIBHOTO BYriuIs (3MiHA CTYIEHIO
OKMCHEHHS B 3aJIE)KHOCTI Bill TEpPMiHY OKHCHEHHsI) HE3aJeKHO BiJl CTYNEHIO HOTo MeTaMopdizMy
(Buxim nmetknmx pedoBmH V%'=19,9-393 %), rpanyromerpiunoro ckaaxy (0-200 mm),
temreparypu okucuensst (—12...+140 °C) ta tpuanocri okucHerns (10 200 1i0) ckiamaeTses 3
TPbOX OCHOBHMX CTaJiifi: MOYATKOBOI, IHTEHCHUBHOIO OKHCHEHHS 1 HAacCHYEHHS, SKi
XapaKTepU3YyIOThCsSl PI3HUMHU 3HAYEHHSMH KOHCTAHTH TpOLleCy OKUCHEHHA. BcTaHOBIEHO, 110
3HAUEHHS CTYNEHI0 OKHUCHEHHs BYriull y TOYKax IEpexojy BiJ MOYaTKoBOi cTafii 10 cTaaii
IHTEHCUBHOTO OKHUCHEHHS 1 Bix crajil IHTEHCMBHOIO OKHCHEHHS 10 CTajll HACUYEHHS 3aJIeKaTh
BiJl CTyNeHI0 #oro meramopdismy. EKcrepuMeHTanbHO [OBEACHO, IO IIBUAKICTH IPOLECY
OKHMCHEHHS ByTULJIsl Ha [TOYATKOBIN CTaii IIMITY€eThCS mpouecoM audysii.
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2. BcraHOBIIEHO, 110 TPOIEC MPHUPOJHOTO OKMCHEHHS BYruLIs NMpU HOro 30epiraHHl B
mrabeNsax BiIKpUTOTO CKIIALy Y JITHIM Ta 3MMOBHIA mepiou 3a Temiieparyporo Bix —12 1o +33 °C
3aJI0BUIBHO ONMCYETHCS Yy3arajJlbHEHUM EKCIOHEHIIaJbHUM DIBHSHHSIM TE€TEPOr€HHUX peakiii
ABpami-€podeeBa.  MIiHIMATBHUMH ~ 3HAYCHHSMH  KOHCTAaHTH  INBHJIKOCTI  OKWUCHCHHS
(0,019710* x8™  Bmitky Ta 0,0073-107 x8" B3MMKY) i MAaKCHMATbHUMH 3HAYCHHSMH CHEpTii
aktmBanii (53,6 k/[k/Monb)  XapaKTepH3yeTbCS BYTUUIL CcepenHboi cramii metamopdizmy
(V¥'=25-30 %). lle BHKIMKAHO THM, IO TaKe BYTiLIS XapaKTEPU3YEThCA MiHIMAIbLHUMM
3HAYEHHSIMH CYMapHOI MMOPHUCTOCTI (CYKYIHICTh MOJICKYISIPHUX, MIKpPO-, TIEPEXITHUX 1 MaKpomop,
MIKPOTPILIMH) Ta MATOMOI HOBEPXHI, 1[0 CPUSE 3HIKEHHIO IIBUAKOCTI IPOIECY OKUCHEHHS.

3. BcraHoBieHo, mO TeMIeparypa 3aiMaHHS (ts;) € TEXHOJOTIYHHM MapaMeTpoM, IO
3aJICKUTh B CKJIaay 1 CTyNEHS BIOPSIKYBAaHHS OPraHIiYHOI Mach HEOKMCHEHOTO BYTULIS.
[TinBUIIEHHS BEJWYMHMA TEMIEpaTypd 3aiiMaHHS CHPUYMHEHO 3POCTAaHHSIM Yy BYTUIII BMICTY
saranbroro (C*™ i apomarmamoro (Cap) BymIIEIIIO, @ TAKOXK CTYNEHSI HEHACHUYEHHS (8) CTPYKTYpH.
BinnoBigHo, 30UIbIIEHHS] BUXOAY JIETKHX PEUOBHH 1 3HMKEHHS NMOKAa3HUWKA BIAOUTTS BITPUHITY
BUKIIMKAHE TIIBUIICHHSAM BMICTY aii()aTHYHOTO BYIVICLIO, 1 3HMIKEHHS CTYNEHS HEHACHUYCHHS
ctpykrypu OMB npu3BoIUTh 10 3HUKEHHS TEMIIEpATypu HOTO 3aiiMaHHS.

4. Brepiie BHSBICHO, IO BYriuIs Mapku «XK» (KHpHE) HA MOYATKOBIM CTail OKHUCHEHHS
MOKpAIIye CBOIO KOKCIBHICTh 3a IOKAa3HUKAMH MEXaHIYHOI MIIHOCTI OTPUMAHOTO KOKCY.
ChopmynboBaHO 1 EKCIIEPUMEHTAIBHO MIATBEPKCHO TiMOTE3Y, IO MOJIMIICHHS KOKCIBHOCTI
KUPHOTO BYTUUISI TMPU HOTO YACTKOBOMY OKHCHEHHI BiIOYBAa€eThCS BHACTIIOK 30UTBHIICHHS
B'3KOCTI yTBOPEHOI OKHCHEHHUM BYIUUIAM IUIACTHYHOI MacH, a TaKoX 3pOCTaHHA 00’emy
MPOAYKTIB JCCTPYKIii (BHACIIMOK 30UIBIICHHS KUTBKOCTI HU3BKOMOJCKYISIPHUX TMPOMYKTIB
KOKCYBaHHS), 1110, B KIHI[EBOMY HiJICYMKY, Be/Ie 10 3pOCTaHHs BHYTPIIIHBO-IUIACTUYHOTO THCKY 1
TUCKY po3mopy. [liBUIlleHNI TUCK HA MOBEPXHI BYT'UIbHUX YaCTOK MPHU3BOAUTH HE TUIBKH JO
OLIBII TTOBHOTO BUKOPHCTAHHS PIAKMX MPOIYKTIB AECTPYKIIi B SIKOCTI MiacTugikaropa, ane i 10
YTBOPEHHSI BCEPEHHI 3epHa J10JAaTKOBOI KUTBKOCTI PIIKUX MPOAYKTIB 3 ra3omnoaiOHuX. ByrinbHi
3epHa MPU I[BOMY Kpaimle pPO3M'SKIIYIOThCS, MDK HHMH BCTAaHOBIIOETHCS OUIBII TMOBHUMA
MDKMOJIEKY/ISIPHUIM KOHTAKT @K JI0 TIOBHOTO 3JIMTTS.

5. EKcliepuMEHTalbHO MOKa3aHO, II0 KOKC, OTPMMAaHMUH 3 BYTUIbHOI IIHMXTH 32 Y4YacTIO
OKHCHEHOTO BYTULIS, XapaKTEePU3YEThCS OUIBIIMM BMICTOM 130TPOIHOTO BYIVICLIO 1 MEHIIUM —
aHI30TPOITHOTO, IO TOSICHIOE MIIBUIIEHHS HOTO peakmifHOI 37aTHOCTi, a TAKOX MOTIPIICHHS
MeXaHIYyHOI Ta MicsApeakuifHOT MITHOCTI.

6. Briepiie BusiBI€HO, 110 MiABUILEHHS aHATITHYHOI BOJIOTOCTI BYrilIs KpynHicTio Big 0 10
100 MM BHACTITOK OKHUCHEHHS MPU3BOIUTH JO CYTTEBOTO MIJBUIEHHS HOrO HACHUIIHOI I'yCTHHU
(Bin ~750 10 1000 kr/m’). Lle BinOyBaeThcs BHACTITOK 3HAYHOIO 3POCTAHHS CYMapHOT HOPUCTOCTI
Ta MUTOMOT MOBEPXH1 OKUCHEHOTO BYT LS.

IIpakTH4yHe 3HAYeHHS] OTPUMAHMX Pe3yJIbTaTiB!

1. BpockoHaneHud MeTOJ BH3HAYCHHS OKHUCHEHHS Ta CTYNEHS OKHCHEHHsS BYTUUIA
crangaptuzoBano (JICTY 7611:2014 «Byrimuisa kam’siHe. MeToj BH3HAu€HHS OKHUCHEHHS Ta
CTYNEHSI OKHCHEHHS») Ta BIPOBA/PKEHO Ha 7 KOKCOXIMIUHUX MIANPUEMCTBAX YKpaiHU.
Po3pobneno Ta mepenaHO KOKCOXIMIYHMM —MIANPHUEMCTBAM CTaHAAPTHUM 3pa3zok, SKHUi
XapaKTepU3YEThCS aTECTOBAHOIO TEMIIEPATYPOIO 3aiiMaHHsI.

2. Po3pobneHo i BUMpOOYyBaHO B JIOCIHITHO-IIPOMHUCIOBHX YMOBAaX CIOCIO 3amoOiraHHs
3HWKEHHIO SIKOCT1 IOMEHHOT'O KOKCY, OTPUMAHOTO 3 BUKOPHCTAHHSIM OKMCHEHOTO BYIULIS, SKHH
NoJIsirae B OUTbII TOHKOMY OJIpiOHeHH1 okucHeHoro Byriuig (1o 100 % Bmicty kiacy 0-1 mm).

APGIP-9 Ukraine, Lviv, May 14-18, 2018
50



3. 3 Meroro 3anoOiraHHs pyHHYBaHHS CHUJIOCIB 3aKPUTOTO BYT'UIBHOTO CKJIaay Ta OyHKepiB
JI03yBaJIbHOTO ~ BUIIUIEHHS PEKOMEHJIOBAHO KOHTPONIOBAaTH 00’€M 3aBaHTKEHOTO B HUX
OKHCHEHOro Byriuia. IIp¥ oTpuMaHHi Byriuis 3 nokasHukoM At>6 °C, 3alOBHEHHS CHIIOCIB
3aKpUTOrO BYTUILHOTO CKJIaay abo J03yBaJIbHOTO BiAJUIEHHS HE MOBUHHO nepeBuiyBati 80 % 3a
00’emoM. 3 ypaxyBaHHSAM MpoBeneHux nociikenb ans [IpAT «AsaiiBebkuit KX3», KXB ITAT
«ApcenopMirran Kpusmii Pir» i KXB IIAT «EBpa3-[HINpOBCHKUN 3aBOI» PO3pOOICHO
IHcTpykuii 3 00Ky 3aJIMIIKIB BYriIbBHUX KOHIIEHTPATIB y CHIIOCAX 3aKPUTOTO CKIIAAy BYTULIA i
J03YBaJIbHUX BiJIIICHb.

4. Meton OIIHKY CTYNEHs] OKUCHEHHS BYTriyuis BrpoBapkeHo Ha [IpAT «AsniiBebkuii KX3»
y CHCTeMi KOHTPOJIIO SIKOCTI IIIaMiB, IO HaIxoaaTh Ha (uotamito (kmac menm 0,5 mm). Lle
JI03BOJIMJIO CBOEYACHO KOPUTYBAaTH MpOIeC 30aradeHHs OKHCHEHOTO BYTULIA IIISXOM Mizdopy
e(EeKTUBHUX pEeareHTiB Ul 3aroOiraHHs 3HW)KEHHIO BHXOAY KOHILIEHTPATy Ta/ab0 MOTIPIICHHIO
HOTO SKOCTI.

5. Pospobneno, 3arBepmikeno YHIIA «YKPKOKC» Ta mnepemaHo KOKCOXIMIYHUM
MIAPHEMCTBAM YKpaiHu «MeToan4H1 peKOMEeHalii 11010 BUKOPUCTAHHS OKHCHEHOTO BYTLLISA
JUIs. BUPOOHUIITBA JIOMEHHOTO KOKCY», SKI PErIaMEeHTYIOTh TE€pPMIHH HOTO 30epiraHHs, OLIHKY
CTYIIEHIO OKHCHEHHS, CIIOCOOM MIATOTOBKH O KOKCYBaHHS Ta JOMYCTHMHU BMICT y BYT'UTBHUX
muxrax. OCHOBHI MOJOXEHHS «MeTOANYHUX PEKOMEHJAIIl...» BHeceHi 10 [lpaBun TexHiuHOI
excruryaranii (IITE) kokcoXiMIUHUX MIANPHEMCTB YKpaiHH.

6. Po3poOneni Ta BmpoBaKeHI B Jit0 JepkaBHi cranmaptu Ykpainu (JJCTY 3472:2015
Byriuist O6ype, kam’siHe Ta antpanut. Kimacudikamis Ta JCTY 7724:2016 Byrimis kam’siHe st
KOKcyBaHHS. TexHiuHI yMOBH), SIKI JalOThb 3MOTY HayKOBO-OOIPYHTOBAaHO Kiacu(iKyBaTH Ta
BIJIMOBITHO JI0 IIbOTO KOHTPOJIOBATH 32 SIKICTIO Ha BYIJIENEPEPOOHMX MiINPUEMCTBAX YKpaiHu
HEOKHCHEHE BYT1JLISL.

7. BCTaHOBIICHO, M0 3HWKEHHS TIOKA3HUKA OKUCHEHHs! uXxTd Ha 1 °C J03BOJIMTH OTPUMATH
noaaTkoBui mpudyTok B po3mipi 0,18 rpH., a BiaciB kimacy MeHm 0,5 MM B OKUCHEHOMY BYTULITI —
4,16 rpH. Ha 1 T BUKOpHCTaHOI KUXTU. Po3paxoBaHo, 1110 EKOHOMIUHUH €(EeKT BiJ BIPOBAIKEHHS
pe3ynbprariB poOOTH Ha KOKCOXIMIUHUX MignpueMcTBax Ykpaiau 3a 2016 pik ckias 22,9 MiTH. IpH.
Ha PIK.

8. OCHOBHI TEOpPETHYHI TMIOJIOKEHHS Ta EKCIIEPUMEHTAIbHI pe3ylnbTaTd pPoOOTH
BUKOPUCTOBYIOTbCS B HaBYaJbHOMY THpolleci Ha Kadeapax MeTalyprifiHoro mnaiauBa Ta
BorHeTpuBiB HarionansHoi Metanypriiinoi akagemii Ykpainu (M. [IHinpo), TexHosorii nepepoOku
HadTH, razy i TBeproro namuBa HTY «XIII» (M. XapkiB), XIMi4YHOT TeXHOJIOTIi IepepoOKu HapTH
1 razy HamionaneHoro yHiBepcutety «JIpBiBChbKa mosirexHika» (M. JIbBIB), XIMIYHMX TE€XHOJIOTIH
JIOHEIBKOTO HALIOHAJIBHOIO TEXHIYHOTO yHiBepcuTeTy (M. ITOKpOBCHK), a TakoX BHKOPUCTaH1
IIPU HAMMCAaHHI HOMIHAHTOM BinnoBifHOTO po3/iny Toma 1 «JloBiHMKA KOKCOXIMIKay.

3a Temartukolo poboTH omyOnikoBaHO 61 HaykoBy mpaito, B Tomy umciai 41 crartio B
CreliaNi30BaHuX HAyKOBUX XXYpHalax (3 HUX 23, 10 BXOJAATH /10 MDKHAPOJHOI HAYKOMETPUYHOT
6a3u Scopus), 13 Te3 nonoBineit y 30ipHUKaX MarepianiB MDKHAPOJHUX KOH(EpeHLiH, 2 1aBu B
JoBigauky KokcoxiMmika, OTpUMaHO 2 MaTeHTH YKpaiHu Ta po3polieHo 3 JAep)KaBHUX CTaHIapTH
VYKpainu.

Bukonano 25 HaykoBO-IOCHIIHUX pOOIT, y TOMY 4YHCII, 3arajJbHOTanay3eBa HayKOBO-
JochiiHuIbKa poOota: «/locnimkeHHs BIUIMBY CTYNEHS OKHCHEHHS BYTUUIA 1 IIMXT Ha iX
TEXHOJIOT1YHI BJIACTUBOCTI 1 SKICTh OAEP)KYBAHOTO KOKCY 1 po3poOKa AEp)KaBHOTO CTaHAAPTY
(ACTYVY) Ha Bu3HaueHHs cTyneHs okucHeHHs Byruuist» Ha IIpAT «AsniiBcekuit KX3» (Ne JIP
0111U006890), IIpAT «3anopixkkokc» (Ne JIP 0111U009216), I[IpAT «AmueBcrkkokcey (Ne JIP
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0111U006908), TIpAT «Empa3z-AM3» (Ne 1P 0111U0008070), IIpAT «JloHEUbKCTATB-
Metanypriiiauit 3aBoa» (Ne JIP 0112U007469), a takoxk «Po3pobOka 1 BOPOBaIKEHHSI B CUCTEMY
KOHTPOJIIO SIKOCTi 3aBOJly BHUIPOOYBAJILHOTO YCTAaTKYBaHHS 1 METOJWKH BH3HAYCHHS OKHCHEHHS
Byriusi» Ha [IpAT «AsmaiiBebkuit KX3» (Ne JIP 0110U006546), TIpAT «MK «A3oBcTaiby
(Ne JIP 0114U004714), TIpAT «3anopixkoke» (Ne JIP 0110U006495), TIpAT «JloHeubKcTa b-
Metanypridauii 3aBoa» (Ne JIP 0112U007468), TOB «ICTEK» (Ne JIP 0112U007479); «Ilomryk
QIBTEPHATUBHOTO BiJTHOBHHKA, BUKOPHCTOBYBAaHOTO B METOJi 3 BU3HAYEHHS CTYICHS OKHCHEHHS
Byrums» Ha [IpAT «Asaiieskuit KX3» (Ne JIP 0113U004436), [IpAT «AmgueBchkkokey (Ne JIP
0113U004452), IIpAT «3anopixkokey (Ne JIP 0113U003779); «Po3poOka KOHTPOIBHHUX 3pa3KiB
BYr'UUIS JUIsl BU3HAUEHHS OKHCHEHHS BYriUuid 1 XIMIYHOTO cKiaay 30iu Byriums» Ha [IpAT
«AsniiBeekuii KX3» (Ne JIP 0114U004299), TIpAT «3amopixkokey (Ne JIP 0114U004097);
«Po3pobka craHmapTHOTO 3pa3ka MiANPHEMCTBA ISl METOTY 3 BH3HAYCHHS OKHUCHEHHS BYTUJLIS»
Ha [IpAT «AsniiBebkuit KX3» (Ne JIP 0115U003888); «YnocKOHaJICHHS METOJAMKH BUKOHAHHS
BHUMIPIOBaHb TEMIIEpATypH 3aiiMaHHS KaM'STHOTO BYTULIS 1 BCTAHOBIEHHS CTYIEHS HOTO
okucHeHHs» Ha [IpAT «3amopixkkoke» (Ne JIP 0115U001478); «JlochimkeHHsT HACUTTHOT T'yCTHHU
KOMITOHEHTIB BYrinbHOI cupoBHHHOT 6a3u KXII Ta po3poOka iHCTpYKIii 3 BU3HAUYCHHS 3aJIHUILIKIB
BYIriUlsi Ha 3akputomy ByrutbHOMYy ckiani BAT «ApcenopMirran Kpusuii Pir» (Ne JIP
0109U006533); «Po3poOka pekoMeHAIliii 1010 BIPOBAKEHHS CXeMH BUOOPUOTO MOAPIOHEHHS
MIUXTA. MeToluKa BU3HAYEHHS HACUIHOI T'YCTMHM BYTUIBHMX KOHIEHTpariB ki1. 0-200 Mm» Ha
KXB IIpAT «EBpaz-/ninpoBcbkuii Meranypriitauii 3aBom (Ne JIP 0111U008065); «Ontumizaris
pobotu Byrenigroropunx nexiB BAT «AsniiBcbkuit KX3» B ymoBax cupouHHOI 6a3u 2009
poxy» (Ne JIP 0109U003176); «Po3poOka pexomeHpaiii Imoao 30epiraHHs 1 BUKOPUCTAHHS
BYriJUIsi 3 MiJBUIICHOIO IITA0ENBHOIO TEMIEpaTypord 1 pIi3HUM CTYIEHEM OKHCHEHHS B
cupoBuHHIN 0a3i KXB ITAT «ApcenopMirran Kpuswuii Pir» 3 metoro 6e3mnexu iforo 30epiranus i
crabimizanii skocti kokcy» (Ne J[P 0111U009227); «JlochimkeHHsT €IeMEHTHOTO CKIIay
OpraHiuHO1 Macu BYT'UTbHMX KOHLIEHTPATIB, K1 BXOIATh B CUpoBUHHY 0a3y BAT «ApcenopMirran
Kpusuit Piry (Ne ZIP 0113U004208); «/locnimkeHHs BIUIMBY TepMiHY 30epiraHHsl Byrimis m/y
«IToxpoBceke» Ha 3MiHy Horo TtexHonoriunux BiactuBoctedl Ha I[IAT «ScuniBcekuit KX3»
(Ne AIT 0113U005624); «Po3poOka pexomMeHJaliidi BIAHOCHO KOPUI'YBAaHHS TEXHOJIOTTYHHX
peXKUMIB 30araueHHs! BYTUUIS B 3aJIEKHOCTI Bif 30aradyBaHOCTI PsIIOBOTO BYTUULISA, IO BXOAUTH
JI0 CUPOBMHHOI 0a3u 3aBOAY 3 METOIO MiIBUIIECHHS €(EeKTUBHOCTI ioro BUkopucTtanus» Ha [IpAT
«ApniiBeekuii KX3» (Ne JIP 0113U004435); «/locmimkeHHs i po3po0Oka peKOMEeHIAIld 1010
BJIOCKOHAJICHHSI TEXHOJIOTII (hioTaliiiHoro 36araueHHs BYyriipHUX nutaMiB B ymoBax BIILI-1 BAT
«ApniiBeekuit KX3» (Ne JIP 0110U003527). B ycix 3raganux poOOTax MpEeTeH/IEHT OyB
CIIBKEPIBHUKOM (TI€PEBaXKHO) a00 BUKOHABIIEM.

3aranbHa KUIbKICTh MyOmikamiid kanaunara — 177, 30kpemMa y MDKHApOJHUX HAyKOBHUX
KypHaiax — 65, mareHTiB YkpaiHu Ha KOPUCHY MOZETb — 3, JepKaBHUX CTaHIApTIB YKpaiHu — 3,
maB 'y Josiguuky KokcoxiMmika — 2; Te3uCIB MDKHApOJHHX KOoH(epeHuin — 35. 3aranbHa
KUIBKICTh MyOJiKalliif, 110 BXOJIATh 10 MDKHAPOIHMX HAyKOMETpHUHUX 0a3z — 52 (Scopus) Ta
91 (Google Scholar); 3aranpHa KiIBKICTh TOCWJIAHb Ha TyOMiKallii mpetenaenta — 145 (Scopus) ta
292 (Google Scholar); inaexc I'ipma (h-inmexc) — 7 (Scopus) Ta 8 (Google Scholar).

Po6ota noxana Ha 3100yTTs npemii [Ipe3uaenta Ykpainu it monoaux BueHUX 2018 poky.
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BYT'IVIbBHI HINXTH 3 IIIIBUIIEHUM BMICTOM
I'A30BOI'O BYTI'VLJIA

Cepeint @amenko
IIpAT «MK «A306cmanv»,
87500, m. Mapiynonw, gyn. Jlenopcokoeo, 1, Vrpaina,
sergey.fatenko@metinvestholding.com

Meroro AociipkeHHs Oylo BH3HAYUTH ONTHUMAIIbHY KUTBKICTH BYT'ULISA Ta30BOI TPyHH y
BYI'JIbHUX IIUXTaX JUIsl OTPHMAHHS HEOOXITHUX 3HAYCHb JOMEHHOTO KOKCY 3a MOKa3HUKaMH Mys,
Mo, CRI i CSR B ymoBax KXII ITpAT «MK« ABOBCTAJIb».

JlOCTiTHO-TIPOMHCIIOBI KOKCYBaHHS BUKOHYBAIHMCS Ha KOKCOBHMX Oarapesx Ne3—4 3
ypaxyBaHHSIM (aKTHYHOI HAasBHOCTI BYTUIBHMX KOHIEHTpATiB Ha CKiIaal. Tpu cKiagu
EKCTIEPUMEHTATIBHUX IUXT OYyJIM MPOKOKCOBAHI Y BOCBMHU JOCTIHO-TIPOMHUCIOBUX KOKCYBaHHSX.
3aranbHUN BMICT BYTUUIA Ta30Boi rpymu B mmxrax cranoBwio 33, 37 i 40 % sigmosiguo. [Ipu
TUTAHYBAaHHI CKJIQJIB INUXT BUXOAWIM 3 YMOBHU IIATPUMAHHS CTAJOCTI iHAEKCY OCHOBHOCTI i
TOBIMHM IJIACTUYHOTO mapy. Ilpu ruranyBaHH1 CKIIaJiB MKUXT PO3PAaXyHKOBUHU 1HAEKC OCHOBHOCTI
oy B Mexax 2,3+0,05, a ToBmmHa MmiactuyHoro mapy 16+0,5 mm. Jlns migBUINECHHS
JOCTOBIPHOCTI €KCIIEPUMEHTY KOYKHE E€KCIIepMMEHTaJbHE KOKCYBAaHHS BHKOHYBajocs ABiui. Yac
KOKCYBaHHS BINOBIZaB IUIAHOBHM IIepiojilaM KoKCyBaHHsS uepBHS 2017 poKy Ha KOKCOBHX
Oarapesx Ne3-4, 1 cranoBuB 15 rogun 20 xBuiMH. J{OCHITHO-TIPOMHUCIOBI KOKCYBaHHS
NpOBOIWIIMCS ©O€3 3MIHM CXeMH JpOOJCHHS BYTUIBHOI IIUXTH 1 TEXHOJOTIYHOTO PEXUMY
KokcyBaHHS Ha Oarapesix Ne 3—4. Jlns npoBeneHHs poOIT B KOKCOBOMY IieXy Ha Oarapesix Ne 3—4
BUOpanu, 3auncTuiu i 31amu npainiBaukaM BTK kumiento Ne 1 ByrineHo1 Bexi Ne 2.

[Ticns orpumanus posnopsmpkeHHs [ITB KXII i3 3a3HaueHux CHIIOCIB J03YyBajld BYTUIbHI
KOHIICHTPATH 3T1IHO 33JJaHOTO MPOILEHTHOTO CKJIaay UXTH (Tabmuis 1).

Tabauys 1
Ckuaa aoCaifHuX MUXT
3D 3D Teck
Hara | Tantek, Jobporrinbceka, Wellmore, | Kpacnonumanceka, | Premium, | Pocahontas,
r I K XK K oC
01.06 18 15 23 8 28 8
03.06 20 17 19 8 28 8
05.06 23 17 20 8 24 8
07.06 20 17 19 8 28 8

3akauyBaHHs B KumieHto Ne 1 ByriabHOT Bexi Ne 2 3miiicHIoBanmacs B KUIBKOCTI HE MEHIIIE
400 1. HocaigHoi MMXTOI0 3aBaHTaXKyBalIucs Mo 8 meueil Ha Oarapesx 3, 4 B KO)KHOMY JOCHiJ.
SIKiCHI MOKA3HUKHU JOCHIAHUX IIIUXT HABEAEeH1 B Ta0IuI 2.

Bunava nocnigHux nedel mpoBojuiiacs Ha pamiy Ne 2, BOTHUII TOPIHHS KOKCY HA paMIli He
criocTepirajiocs.

[lepmmu doTupMa medamu (MO 1Bl 3 KOXKHOI Oarapei) BUKOHYBAIU «IPOMHBAHHS
KOKCOBOI paMIli, KOKCOBUX TPAKTiB 1 KOKcocopTyBaHHs. HoTupu mneui 6panu B 3aiik, Bigdip npoo
npoBoaunu BignosimHo 1o JACTY (3 mpeacraBuukamu BTK). Ha meuax, siki BaHTaXWUIU Ui
eKCIIEPUMEHTY, BUKOHYBAJIX BUMIPHU MMiJCKJICHIHHOTO IPOCTOPY «HA LIUXTY» IMiCHsl 3aBaHTAXKEHHS,
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a TaKOX 3aMIp «Ha KOKC» Mepel] BUJadero KOKCY 3 3aJ1KOBHX Iedel. Y mpoiieci BUAadl GpikcyBanu

aMIiepak BUJAIOTHCS 3aTIKOBUX Tiedeit. [leuelt 3 migBuieHnM AMrepax He Oyro.

SIkicHI MOKA3HUKM TOCTiTHUX HIMXT

Tabauys 2

[oka3HUKH SKOCTI Hacunna | I'panynomerpudHuii ckiiax, MM
Jlata | A, ¢, v R, , I'yCTHHA, u,
o | % | % | v | o | <3 <05 -6
01.06| 8,5 0,86 | 30,5 1,04 17 0,760 78,1 16,7 7,9 2,30
03.06| 8,0 0,81 29,5 1,12 16 0,752 81,9 41,1 7,8 2,14
05.06| 8,1 0,92 | 30,8 1,03 14 0,738 79,8 38,0 8,2 2,17
07.06| 7,9 0,81 31,2 1,05 16 0,747 80,1 39,8 7,3 2,14

VY mporeci KOKCYBaHHS KOHTPOJIOBAJIM TEMIeEparypy B KOHTPOJBHHUX BEpTUKANIAX,
MOPYIIEHb TEMIIEPaTYpHOTO PEXUMY BiJ 33aJaHMX 3HAYCHb B PEKUMHHX KapTrax He Oyno, naHi
HaBe/IeH1 HIXKYE.

Cepennst TeMnepaTypy 0 KOHTPOJILHUM BepTHKaIaM (MAallMHHA Ta KOKCOBI CTOPOHH):

3a1aHi
baxTHuHi

3a1aHi
baxTHuHi

3a1aH1
dakTuyHi

3a1aHi
(dakTuyHi

3a1aHi
(dhakTuyHi

3a1aHil
(bakTuyHi

3a1aHi
(dakTuyHi

APGIP-9

Kb Ne 3:
m/ct — 1325;
m/cT — 1321;

Kb Ne 3:
m/cT — 1325;
m/ct — 1320;

Kb Ne3:
m/ct — 1325;
m/cT — 1319;

Kb Ne 3:
m/ct — 1325;
m/cT — 1319;

Kb Ne 3:
m/ct — 1325;
m/ct — 1319;

Kb Ne 3:
m/cT — 1325;
m/cT — 1321;

Kb Ne 3:
m/cT — 1325;
m/cT — 1319;

K/ct — 1365;
K/ctT — 1365;

K/cT — 1365;
K/ct — 1360;

K/ct — 1365;
K/ct — 1360;

K/ct — 1365;
K/ct — 1359;

K/ct — 1365;
K/ct — 1359;

K/cT — 1365;
K/ct — 1361;

K/cT — 1365;
K/ct — 1367,

01-02.06.17

02-03.06.17

03-04.06.17

04-05.06.17

05-06.06.17

06-07.06.17

07-08.06.17

54

Kb Ne 4:
m/ct — 1325;
m/cT — 1321;

Kb Ne 4:
m/ct — 1325;
m/cT — 1321;

Kb Ne4:
m/ct — 1325;
m/ct — 1320;

Kb Ne 4:
m/ct — 1325;
m/ct — 1320;

KB Ne 4:
m/ct — 1325;
m/ct — 1320;

Kb Ne 4:
m/cT — 1325;
m/ct — 1319;

Kb Ne 4:
m/cT — 1325;
m/cT — 1318;

K/cT — 1365.
K/cT — 1359.

K/cT — 1365.
K/cT — 1359.

K/cT — 1365.
k/cT — 1361.

K/cT — 1365.
k/cT — 1360.

K/cT — 1365.
K/ct — 1360.

Kk/cT — 1365.
k/ct — 1360.

K/cTt — 1365.
K/cT — 1362.
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[Ipn Buzaul medeil Bi3yaJlbHO KOHTPOJIIOBAJIM 3aBAaHTAXEHHS 1 TOTOBHICTH KOKCOBOIO
nupory. MakcumallbHI YKOCH CIIOCTepiraiucs 3 KOKCOBOI cTOpoHM. Ha BCIX BHAaHUX meyax
TEMIIepaTypHHid II0B OyB HESIBHO BUPAKEHHI, CTPYKTYpa KOKCY CIIOTBOPEHA.

SIKiCHI XapaKTepUCTUKN KOKCY HaBeleHi B Ta0muIi 3.

Tabauys 3
SIKicHi MOKAa3HUKHN KOKCY
. . . L MexaniyHa ['panynomerpuuHmii
Texuiunuii anamiz, % lapsiaa minHiCTB, % L.

JlaTa MIIHICTB, % CKJ1aJl KOKCy (MM), %
A% | S%, % | V¥ % | CRI CSR Mas Mg >80 <25
02.06 11,3 0,78 0,1 33,3 50,9 86,6 7,4 3,9 5,1
03.06 11,1 0,79 0,2 33,3 50,7 85,8 8,3 4,2 4,9
04.06 11,2 0,81 0,2 33,6 50,5 86,2 8,3 6,6 5,5
05.06 11,2 0,79 0,2 33,2 49,3 85,8 8,4 4,6 5,5
06.06 10,9 0,80 0,2 33,0 51,6 85,2 8,5 3,7 6,0
07.06 11,0 0,74 0,2 32,4 53,1 85,8 8,2 3,1 6,4
08.06 10,6 0,78 0,3 33,1 52,4 86,0 7,9 3,6 6,0

Ha pammi cnocrepiranacss BemuKa KUIbKICTh JIpiOHMX (pakxifiii mpoIyKTiB KOKCYBaHHS.
OnmHak mpu IBOMY CIIOCTEpPIragocst i BeJIHKa KUIBKICTh IIMAaTKiB KOKcy po3mipoM 20-30 mm.
OTpumanuii B pe3yabrari JJAOCITIIHO-TIPOMHCIOBOTO KOKCYBaHHS KOKC Ma€ MiABHILIEHY
TPILIMHYBATICTh.

Hani Tabn. 3 cBiguath, 1m0 30UTIIEHHS BUKOPUCTAHHS B IIMXTI, IO W€ Ha KOKCYyBaHHS,
BYI'JIbHUX KOHIIGHTPATIB Ta30BOI TPYMH NPU3BOIUTH JO JEAKOTO 3HUKEHHS CHIKIUBOCTI,
MOTIPIIEHHS MEXaHIYHOI 1 CTPYKTYPHOI MIIIHOCTi, aOpa3uBHOI TBEPAOCTI OTPUMAHOIO KOKCY, a
TAKOX 710 30UIbIIEHHS BMICTY BOJIOTH uepe3 30UIbLICHHS KUTBKOCTI Makpo 1 MIKpO TPIIIMH Ha
MOBEpXHI MMaTKiB. JlaHui (akTop HEraTWMBHO MO3HAYUBCS HA SKOCTI OTPUMAHOIO KOKCY, IPO IO
CBIUUTH MIABUIIECHHS BMICTY (ppakifii <25 MM B KOKCI.

IIpu mepexoni 70 poOOTH HA MHMXTaxX 31 30UTBIIEHUM Y4YacTIO BYTUIBHMX KOHILIEHTDPATIB
BYT'UIbHOT IPYIU HEOOX1IHO BPaXOBYBaTH IIBUAKICTH KOKCYBAaHHS.

L5 BennumMHA PO3paxOBYETHCS 32 GOPMYIIOIO:

V=—,
T
ne b — mmpuna kamepu, MM;

T — TpuBaicTh MPOIECY KOKCYBAHHSI, TO/I.

HIBuAKICTh KOKCYBaHHSI XapaKTepU3ye MIBUIKICTh MPOCYBaHHS HA3yCTpid OJUH OJHOMY
IJIACTMYHUX IIapiB B Kamepi KOKCYBaHHsS. li ONTHMalbHi 3HAYEeHHS NPM OTPMMAHHI KOKCY
cTabUTbHOT SIKOCTI CKIanawTh 24 Mm/ro. [Ipy BEMUKHUX MIBUAKOCTIX HE AOCATAETHCS HEOOXiTHA
MOMHA TPOTIKAHHS MPOLECIB TEPMIYHOTO CHHTE3Y, HEOoOXigHa i OTPUMAHHS KOKCY
BIIOPSJIKOBAHOT CTPYKTYPH 3 MAKCUMAJIBHOIO YACTKOIO aHI30TPOMHUX JUISTHOK.
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IBuakocTi KOKCyBaHHS 24 MM/TOA TpU CepelHiil MmupuHI KaMmep KokcyBaHHA 410 mm
BIJIOBIAAIOTh TEpI0M KOKCYBaHHA 17 rox (mpu BIICYTHOCTI MpoOieM 3 0O0IrpiBOM Kamep
KokcyBaHHsI, T00TO 17151 Kb Ne 3—4).

[Ipn BH3HAYEHHI KOHKPETHHUX IEpIOAIB KOKCYBaHHS Uil KOKHOI Oarapei HEOOX1IHO
BpPaxXOBYBaTH iX TEPMIH €KCIUTyaTallii 1 TEXHIYHHUH CTaH.

Crin TakoX 3BEpPHYTH yBary, 1o JIOCIiTHO-TIPOMHUCIIOBE KOKCYBAHHSI IIUXTH 31 30UTBIIEHOIO
y4acTIO BYrUIbHUX KOHIIEHTPATIiB BYT'UIBHOI TPYIH MPOBOAMIIOCS HAa KOKCOBHX Oarapesx Ne 3, 4 3
KOPHCHHM 06'eMoM Kamep KokcyBaHHs — 20 M. IIpH KOKCYBAHHI i€l e IIMXTH HA KOKCOBOI
Garapei Ne | 3 KopHCHEM 00'eMOM Kamep KOKCyBaHHS — 41,3 M’ SIKiCTh KOKCY JOMEHHOIO 3a
MOKa3HUKAMHU MOJPIOHIOBAHICTIO Mys 1 cTUpaHHAM Mo HEOOXiJHO BU3HAYATH JIOCIITHIM IUISIXOM
MU MIPOBENICHH] JOCIIIHO MPOMHUCIIOBOTO KOKCYBaHHSI.

OmiHKy 3MiHM B MOKAa3HMKAX: BUXIJl KOKCY JOMEHHOTO, BUXiJ KOKCY BaJOBOTO 3 Teyi, 3MiHa
BUXOJly XIMIYHUX TPOJYKTIB KOKCYBaHHS, 30UTbIICHHS MHUTOMOi BHTpAaTH KOKCOBOTO Ta3y Ha
00irpiB kKamep KOKCyBaHHS, a TaKOX OI[IHKA BIUIMBY IIi€i IIUXTH Ha KaMEpHU KOKCYBAaHHS, MO)KHA
3pOoOUTH MPH MPOBEJCHHI OUTHII MacIITAOHHUX JOCITIPKEHb 3 IEPEX0I0OM Ha POOOTY Ha 1€l MIMXTI
npotsirom 10—15 nib.

BUCHOBKMU:

1. 3aranbHe 3HWKEHHS SKICHUX XapaKTEPUCTUK KOKCY 3a TMOKa3HWKAaMHU 3aCMIYeHOCTI 1
BMICTY BOJIOTH MOB'SI3aHO 3 TOTIPIICHHSIM CTPYKTYpPH KOKCY 1 3pOCTaHHs OPUCTOCTI B pe3yNbTari
30UIBIICHOTO 3MICTY BYTULIsE MapKu «I .

2. Ilpu migBuUIIEHHI BMICTY BYTriuis Mapku «[» B CKJaji BYTUIbHOI IIUXTH BiOYBa€THCA
3HIKEHHS BUXOY KOKCY JIOMEHHOTO.

3. Tloka3HUKM MeXaHIYHOI MIIHOCTI 1 CTIMKOCTI 10 MOJAPIOHIOBAHOCTI KOKCY, a TaKOX
CSR/CRI He 3a3Hanu ICTOTHHUX 3MiH 1 3QIMIIMINCS HA PIBHI MPOTHO30BAHUX BEIMYHH.

4. OrpuMaHi pe3ynbTaTd JO3BOJISIOTH 3pOOMTH BHUCHOBOK MPO HEOOXIAHICTH MPOBEICHHS
J0JATKOBUX BUIPOOYBAaHb 3 MOCTYIIOBUM IMEPEXOJIOM Ha yTpUMaHHs Byriuist Mapku «I» 33-37 %
npotsiroM 10—15 mi6 s OUThIT TOBHOT OIIHKY €(PEeKTHUBHOCTI TAHOTO eKcrepuMeHTy. [Ipu mpomy
Horo pe3ynpTaru OynyTh 3ajiexkaru OE3MOCEPeIHbO Bil TEXHOJOTIYHHUX BIACTHUBOCTEH BCIX
KOMITOHEHTIB BYTUIbHOT INUXTH 1 MiAX0AY 10 1i hopMyBaHHS.
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CKJIAJI BOOJHUX EKCTPAKTIB COJIOHOI'O BYT' LIS
TA IEPCHEKTHUBHU IX YTUJI3ALIL

Anmon ®amece’, Onekcanop Ky3bM€HK02, Temsana lHeH@piKg,
Cepein Honimyk4, Hamanin ﬂynaeecbkal

Ynemumym eyeinvnux enepzomexnonoziii HAHY, éyn. Anopiiscoka,19, 04070, m. Kuis, Vpaina,

e-mail: antonfateev86@gmail.com
2Kuiscokuii akademiunuii yuieepcumem, m. Kuie, Ykpaina
3IHcmumym Qizuko-opeaniunoi ximii' i eyeneximii im. JI.M.Jlumeunenxa HAHY,
eyn. Xapriecoke woce, 50, m. Kuis, Ykpaina, e-mail: shendriktg@gmail.com

4IHcmumym memanogizuxu im. I.B.Kypoiomosa, 6yn.Axao Beprnaocvrkoeo,36, m. Kuis, Ykpaina,

02000, e-mail: metal@imp.kiev.ua

BpaxoByroun 3Ha4Hi MOKJIagu BYriwis, (po3BifaHi 3amacH CTAaHOBIATH 56,2 mipa T., a
BIJTHECEHI 0 MPOTHO3HHMX pecypciB ckiamamTb Oimpme 117 mupnt) [1, 2], skumu mpu
CydacHOMY piBHI BHUIOOyTKy VYkpaiHa Moxke 3a0esrmeuntu cebe Outbmi, HbK Ha 400 pokis,
cTpateriuni miuanu Hamoi kpainu (HoBa eneprermuna crpareris Ykpaiau 10 2035 poxy) TiCHO
noB’si3aHi 3 ByrunmsiM. Ilpm npomy HaAMOLIBII MOTYXKHI 1 JOCTYHHI BYTUIBHI IIJIACTH BXKE
BHUPOOJICHI, a Ti, 0 3aJUIIUINCS, MAIOTh Mary OTyxHICTh (0,8-1,2 M) 1 3aisiraroTh Ha TIMOWHAX
moHax 1000 m. V Toii ke wac YkpaiHa Mae 3HauHi 3amacu (~ 25 mupa. 1) [3] Tak 3BaHOTO
COJIOHOTO BYTUuIA, sKe B JaHud dac He BuIoOyBaerbcs. [lokmanmm 1pOro BYriuIsA
XapaKTepu3yloThCsl HeBeluKuMH TrOuHamu 3ansrands (300-600 M), 3HAYHUMH MOTYKHOCTSIMH
mIacTiB (B ACSIKUX BHUMAJKAX J0 3-5 M), IPUHHSATHOIO TEIUIOTOIO 3ropsiHHs (6nm3sko 6000-7000
KKaJI/KT') Ta HU3bKOIO 30ibHICTIO (10-15%). Byrinis 3 migBUIIEHHM BMICTOM JY)KHUX METalliB
(comoHe Byriuis) 3a OCHOBHUMH MOKAa3HMKaMHU W 3amacaMy € BEJIbMHU MEPCHEKTHBHUM Cepen
HEKOHJMLIIHOT eHepreTHUHOT CUPOBUHH HE TUIBKU B YKpaiHi, ane i y 6ararbox KpaiHax CBITY.

B Vkpaini 3amacu COJOHOTO BYrumIsl 30CEpePKeHi B OCHOBHOMY Ha 3axigHOMy 1
[TiBaiunomy JlonOaci. Buminaore m’sTh OCHOBHUX pomoBuil (puc. 1): HoBoMockoBChKe,
[erpukiBchke (3aximamii JlonOac) Tta bormaniBebke, Crapobinbewbke, IlerpiBebke (IliBHIUHUEI
Jlon6ac). XapakTepuCTHUKH POJOBHUII COJIOHOTO BYTULIA HaBeneHi B Tabnuii 1 [4, 5].

- JoHeukwid yronbHbIA BacceidH
Nyraxckas
® - [lobbida KameHHoro yrns

@ - 3anexw coneHoro yrna

[OHenponetposckan §
ofnacte

HoHeukan
W obnacte

1 — Hosomockoscvke podosuuye; 2 — [lempuxiscovie podosuwe; 3 — bocoaniscvke podosuuye;
4 - [lempiscvre podosuwe; 5 - Cmapodinbcoke pooosuuye
Pucynox 1 — Kapma posmiwents npoeHo3Hux waxm pooosuly COI0H020 8y2ills YKpainu
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XapakTepucTHKHU POJAOBHII COJTOHOT0 BYrijuisl YKpainu

Tabnuys 1

Mapka fenora 3onbHicTh | Bosoricts Bz Naz'O}'i Xigop, | Cipka,
Ponosuiie Byrims irfOP’IHHH KR W. % JIETKUX | BYTLULII, o, %
Q™ , kxan/kn ’ ’ Ve % %

HosomockoBebke| [T 7200-7500 10-15 7-12 44-47 1 0.6-1.0 | 0.6-0.9 2.1
IerpuKkiBChKE b 5000 16.2 45 41-43 10.44-1.010.34-0.65| 0.2
BoraaniBcbke I 7020-7580 | 12.6-14.6 7-11 41.2-42.6 |1 0.5-0.7 | 0.3-0.6 | 1.6-2.1

IerpiBchbke I 7100-7500 | 5.6-17.0 6-11 40.5-44.51 0.5-0.9 | 0.34-0.6| 1.7-2.5
Crapo0binbchke I 7000-7400 | 7.0-16.1 9-18 41.1-47.41 0.5-0.9 | 0.3-0.6 | 1.6-2.2

* TlerpiBcbke 1 CTapobisbechbke pOAOBHIIA JJOCIIKEH] HE B IOBHOMY 00Cs31

OCHOBHI TIEpPENOHHM JUIsl OCBOEHHS 1 BUKOPUCTAHHS POIOBUILl COJIOHOTO BYTULIS MOB’SI3aHi 3
MIZIBUIIEHUM BMICTOM y HbOMY JIETKOIIaBKUX CIIOJIYK JIY’)KHUX MeTaliB (B OCHOBHOMY Na) 3
XJIOPOM, SIKi YCKJIQHIOIOTh EKCIUTyaTallil0 KOTJIOArperariB, CIpPHUSAIOYM YTBOPEHHIO Ha MOBEPXHSX
HarpiBy 30JIOBUX BiIKJIa/ieHb, IIIJIAKOBYBAaHHIO Ta KOpo3ii. B YkpaiHi 70 «COIOHOTO» BIIHOCUTHCA
Byrimis 3 BMicToM Na,O B 3o noHan 2 % a6o nonan 0,4 % B mepepaxyHKy Ha BYTuLIs (Cyxy
TOPIOYY Macy), BMICT XJIOPY IPH LBOMY JIMITYeTbCsl 3HaueHHIM 0,5% Ha cyXy Macy BT LIS

Sk BiTYM3HSHA, TaK 1 3apyObKHa eHEpreTMka HE MAaloTh JOCTaTHBOTO JIOCBiLY
npomucioBoro crnamoBaHHs CB. OnHi€ro 3 BIAMIHHUX pPHUC COJIOHOTO BYTIULIS YKpaiHCBKHX
POJIOBUII € T€, IO B HUX MEPEeBaXKaroTh BOAOpo3unHHI criorykd Na ta Cl. OCHOBHUM 3'e€THAaHHIM
e ramir (kam'sHa cinb, NaCl), Horo uactka cranoButh 70-90% [4, 5]. 3Baxkawoum Ha IO
0COOMNMBICTh, HAa CHOTOJHINIHIA J€Hb BHMKOHAHO INHPOKHUU CIHEKTp poOit [5-8] 3 mnuTaHHA
OYMILEHHS COJIOHOTO BYTULIS YKpPaiHCHKMX POJIOBHII BiJ| HIKIIJIUBUX JOMIIIOK LUISXOM BOJTHOT
MIPOMHBKH, K1 TOKa3aJy MPUHIMIIOBY MEPCIIEKTUBHICTD I[LOTO MiIXOTY.

IIporiec 3HecONEHHS BYTUUIS ULUIIXOM BOJHOI TPOMHBKH XapaKTEPU3YETHCS HU3KOIO
(baxTopiB, TAKUX K TPUBAIICTH KOHTAKTY BYI'ULJIS 3 BOJOIO, CITIBBIHOIIEHHS Mac BOJM 1 BYT UL,
a TaKoXX yMOB, NMPU SKHUX 3AIHCHIOETHCS KOHTAKT BYTULISA 3 BOJAOIO (IHTEHCHUBHICTH 1 XapakTep
NepeMillyBaHHs, TeMIeparypa CepeloBHINA, pO3Mip 4YacTOK, MiHepaii3amiss BOJHOTO
cepenosuina). Orpumani 3anexxHocti Buxoay Na i Cl Big pisHHX yMOB 3HECOJEHHS (Tabmuis 2)
[5-8] mo3BONSIIOTH poO3poOHTH €(HEeKTUBHY 1 EKOHOMIYHO JOLUIBHY TEXHOJOTII0 OYHUIICHHS
COJIOHOTO BYrULIS, sKa MIpH ii peanizauii A03BOJIsSE€ OTPUMATH BHCOKOSIKICHE BYriuig (mporec
3HECOJICHHSI HE MOTIpIIye MaJMBHI MOKA3HUKU BYTULIsA), B skoMy KoHueHTpauis Na ta Cl Oyzne
MEHIIIE€ TPAHUYHO JOIMYCTUMOTO 3HAYEHHS.

Tabauys 2
I'panuyvHi yMOBH 3HecOJICHHSI
Ne Mapamerp YmoBu
1 Posmip Byrimis Byrinns xpynuicTio He Oinbmie 0-13 MM

2 |Konuentparis Byriuis y
BOJIOBYTUJIbHIN CyMiIli

CriBBigHOIIEHHS TBEpAOI 1 pinkoi a3 He meHIue 1:2 (onTuManibHE
3rauenHs T:XK=1:3 C<0,33)
C <10 + 12 r/n mo NaCl

3 | Buxigna miHepamizaitis
BOIU

4 Temnepartypa
BOJIOBYT1IbHOT CyMmiLi

Temneparypa 20 °C. 36i1blIeHHs TeMIIEpaTypH CYMIIlli TPUIIBU/IIIYE
MPOLIEC 3HECOJICHHS

5 AxTuBaris HasBHicTs TypOyJIE€HTHHX TOTOKIB (MIBUAKICT BOASIHOTO OTOKY (VB.11.)
TepeMilllyBaHHS OLUTBIIIE IBUAKOCTI BYT'IbHOT YaCTHHKHU B HhOMY (VB.4.) VB.IL. > VB.4.)
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Opnak, 3amporOHOBaHI JTA0OPATOPHI METOAM Ta MIAXOAUM HE OJEPXKAIM MPOMHUCIOBOT
peanizaiii uepe3 HH3KY NMPUYUH, B OCHOBHOMY IIOB’SI3aHUX 3 MpOOJieMaMH BUKOPUCTAHHS Ta
OUMIIEHHs 3acoyieHnX BoJ. [Ipw MpOMUBII BOJOIO COJIOHOTO BYriUIsl Y BOJHE CEPEIOBHIIE
MEPEXO/IITh HE TUTbKU XJIOPBMICHI CTIOIYKH, ajie i CIIOJIYKH aMOHII0, CyIb(aris, TiIpokapOOHaTiB,
HITPaTiB, KOMITOHEHTH T'YMIHOBHX 1 OPTaHIYHUX KHCIIOT.

Meroro Hamoi poOoTtu Oymo  JOCTIDKEHHS HATHBHOTO  MIHEPAJIBHOTO  CKIIAay
BOJIOPO3UMHHUX CYMIIIEH COJIOHOTO BYTiuIs pomoBuIl YkpaiHu. Ha BigMmiHy Bim XiMi4HOTO
CKJIaay 30JH, CKJIaJ HATUBHUX MIHEpAJbHUX KOMIIOHEHTIB MOXKHA BH3HAUUTH TUIBKH 32
JOTIOMOTO0 HePYHHYIOUHX (DI3MIHUX METOIB (1Ie, HAITPUKIIA]l, PCHTTCHOBChKa qudpakiis) [9].

st excriepuMeHTy Oynu BimiOpani 5 3pas3kiB (KEpHOBHX MpPOO) COJIOHOTO BYTiULISA: JBa
3pa3ku  bormaHiBchkoro pojoBuimia, JaBa 3pa3kd  CTapoOuUTbCHKOTO POJOBHINA Ta OJHMH
HoBomMockoBcrkoro pozpoBuiia. Bomai BuTshkku (BB) 3 comonoro Byriuis onep:kaHo 3TiTHO 3
ONTUMI30BaHUMH TIapaMeTpPaMH: 32 4acOM, TEMIIEPATYPOIO 1 CITIBBIAHOMIEHHSM TBEPIOi 1 BOAHOL
¢a3 [8]. dns Bumanenns Boau 3 BB 3acrocoByBanu BumapoByBaHHsI TpoTsarom no6u (mpu 40-
50°C) 10 oTpUMaHHs MOBITPSIHO-CyXUX CyMiIlIel, SIKi aHaIi3yBaJId 3a JIOTMOMOTOI0 IU(PPAKTOMETPY
JAPOH-4M 3 ¢inerpoBanuM (Cu (Co) Ka- Bumpominennsm. 3pasku audpaxrorpam (IDI)
MO/IaHO HA PUCYHKY 2.

I rel.
1000

800 NaCl - 61% e HosomocKoBcKMii N21 Nal
600 Gypsum - 10% NaCl

4004 Melanterite - 8% a

200

1000 P VRIS | FONT OF T | | -

8004 NaCl - 86% NacCl CrapoGenbcknin Ne1413 R
600+ Gypsum - 14%

4004 NacCl

200

b NaCl - 17%

800- MgCI2 - 36% e EorgaHoBCKuit Ne25 ===
5001 Anhydrite -19% NaCl

400 CaCoO3 - 29%

2004

1 NaCi- 8% i
800 Gypsum - 33% e CrapoGenbekui Ne1416
800 MaCI2 - 20%

400+ Anhydrite - 11% ] F
200 Melanterite - 25% f A o
" AN - R ee— -

1000
800+ NaCl - 9% NaCl BorgaHoBcKnin Ne19 NaCl

600+ Gypsum - 91%
4004
200

20,00 2500 30.00 3500 40,00 45.00 50.00
Co-Ka (1.7903004) s

Pucynox 2. Jlugppaxmoepamu cyxux pevosur BB CB piznux npo6 i podosuwy (36epxy eHu3)

HauObinbm npoctum BusiBuBcs ckiaa BB CrapoOineckoro cononoro Byriuig (Nel413) — B
HBOMY IPEBAIOE XJIOpH ] HaTpito (Ot 86%), B mianeniit kinbkocTi — rinc CaSO4-HyO ~ 14%. Y
ckiani BB Crapobinsckoro (Nel416) 3naiineHo Outbmiuii acoptumeHT MminepaniB — NaCl ~ 8%,
xmopun marHito ~ 20%, menanteputr FeSO47H,O ~ 25%, rinc ~ 33%, a cyasiuu 3 peduiekciB
MoykHa 3a3HauuTH npucyTHicTh CaCly (2-3%).

IIpo6u BB borgaHiBChbKOro poJOBHINA TaKOK BEJIBMHU PO3PI3HAIOTHCS 3a CKIaJoM. Y
Bunaaky BB borganiscskoro (Ne25) CB B ckiiaai MiHepaiiB nepeBaxkae xyopuj martio (35%),
nani WayTh kapOoHar i cynbgar kanblito (anrigpur) 29 ta 19 % BinnosinHo. Bmict ramity ~
17%. Hdpyruii 3pa3zox BB boraaniscekoro (Nel9) CB Bmimye raiity e MeHie ~ 9%, 0CHOBHY
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yacTUHY ckiajae rinc (10 90%). Minepanu BB HoBomMoCKoBCHKOTO poJoBHIIIA CKIAJIEHI 3
3-x ¢opwm: ramity — nonan 80%, rirncy — 6utst 10%, menanreputy — 8%.

TakuM YMHOM, JOCIIHKEHHS MOKA3aJI0, 110 HE3BAKAIOYM Ha OJM3LKUN MOKA3HUK COJIOHOCTI —
nigBuieHnit (> 2%) Bmict Na,O B 30711 — T.3. COJIOHE BYrUUIA CYTTEBO BIAPIZHAETHCSA OJHE Bij
OJIHOTO 32 MPUPOJIHUM (HaTUBHUM) MIHEPAJIbHUM CKJIQJOM, HaBiTh Y MEKaxX OJJHOIO POJIOBUIIIA.

[Ilo cTocyerhcst MOMAIBIIOT A0 MPOMUBHHUX BOJ COJIOHOTO BYTULIS, TO MU BBOXAEMO iX
BTOPHHHUM (i BIPOTiTHO, I[IHHUM) PECYpCOM, OCKUTBKM B IXHBOMY CKJIaJli MIPUCYTHI HE TUIBKH
BH3HAUYCHI HAMH XIMIYHI €IEMEHTH Ta CIIOJIYKH (HATPIi, MarHii, KaJIbIiid, aHIOHH XJIOPY, CYIbQar-
ioHM), a i MOXYTh OyTH 3HaiieHi O10JIOTIYHO aKTUBHI MikpoeneMeHTH. Ll gymka mae peanbHe
MIATPYHTA 3 OIVISIy Ha JaHi [S] MO0 IIMPOKOTO COPTaMEHTY 1 MiABHIEHOTO BMICTY I[LIOT HU3KH
ecceHnianbHUX MikpoenemeHTiB (Cu, Zn, Mn, B, Co) y cxirani CB HoBOMOCKOBCHKOTO pOZ0OBHUINA
Ta WOro XIMIYHUX CKJIAT0BHUX ((YTbBOKUCIOTH, T'yMIHOBI KHCIOTH). ToOTO, BOoMHI excTpakTn CB,
3abe3nedyroun Oe3rmpoOieMHe CHATIOBAHHS IPOMUTOTO BYTULIS, camMi MArOTh CTaTH 00 €KTOM
JOCIIPKEHHST K JOJATKOBUH pecypc BOJ cepenHboi MiHepamizarmii (5-15 1/m) ans 3HUKCHHS
KHACJIOTHOCTI TIpPYHTIB Ta MiABHIIEHHS BpPOXAK CUIBCHKOTOCIONAPCHKUX  KYIBTYp. 3a
nepeBakatouMMu i0HaMHu TpomuBHI Boxau CB  MokHA BiTHECTH [0 XJIOPHIHO-HATPi€BO-
KanplieBUX. Y pas3i nmotpedu mpicHOi Boau (30kpema, y IliBHiuHOMY [loHOaci) Ta BpaxoByroun
KJIIMaTU4HI YMOBHM TaM, MOXKHA 3alpOIIOHYBAaTH 4YAaCTKOBE OTPICHEHHS NPOMUBHUX BOJ 3a
JIOTIOMOTOI0 BK€ po3poOiieHnx MetoxiB [10] omepkaHHsS YMCTOi TEXHIYHOT BOAM 1 OJHOYACHO
KOHLIEHTPATy coJyieil (10 €eKOHOMIYHO 1 €KOJIOTTYHO OOIPYHTOBAHOTO PIBHS, HANPHUKIAA, 0 PIBHA
BoJ Outbin Bucokoi MmiHepanizamii (15-30 /i), ski MOXyTh OyTH pecypcoMm jisi MOTIOBHEHHS
paroBuX 03ep Ta JIMMaHiB, AKUX YMMajo B Ykpaini (Panne o3epo, M. CnoB’siHchK; CosoHe 03epo,
Apabarceka crpinka; numan Kysnsauk, M. Oneca).

TakuM YWHOM, TEXHIYHI Ta EKOHOMIYHI acCMeKTH 3HECOJICHHS Ta IPOMHCIOBOTO
BUKOPUCTAHHS TPOMMBHUX BOJ, IO YTBOPIOIOTHCS NpU 30aradeHHi COJIOHOTO BYTULIA, IIIe
NOTPEOYIOTh IUPOKOTO CIIEKTPY OKPEMHUX MDKTATY3€BUX JO0CIIKEHb.
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Coal tar pitch is a product of coal processing by high-temperature pyrolysis. Coal tar pitch
has a set of properties that correspond to polymers. Due to the fact that coal tar pitch is a product
of non-renewable natural resource, its use for obtaining high-tech and highly liquid products is
relevant nowadays.

Pitch-based thermoplast is a completely new material. Coal tar pitch is subjected to low
temperature modification by polymer additives at a temperature up to 180 °C for obtaining pitch-
based thermoplast. The polymer additive was polyvinyl chloride (PVC). It's polar polymer with
active functional groups.

The modified coal tar pitch (MCP) can be used as a polymer matrix to produce foamed pitch
composites. The modified coal tar pitch is a product of low temperature modification of coal tar
pitch by active polymers. It has a set of properties that correspond to amorphous polymers. The
modified coal tar pitch has a viscosity from 55 to 190 Pa " s in the temperature range 125 — 155
°C [1]. Modified coal tar pitch is cheaper than classic polymers. It is characterized by chemical
and biological stability and low thermal conductivity.

Many scientific papers are devoted to the obtaining a carbon foam based on coal tar pitch.
The authors [2] proposed the use of strong oxidizing reagents such as H,SO4 to adjust the
properties of the pitch and the formation of carbon foam based on this pitch. Other authors [3]
proposed the high-temperature processing of the pitch and used it as a precursor to obtain a solid
foam.

Our idea is to use the blowing agents to obtain a carbon foam at relatively low foaming
temperatures. This is a fundamentally new method of obtaining the carbon foam.

The physical and chemical blowing agents are used for foaming the polymers. The physical
blowing agents (PhBA) are used for obtaining polymeric foams based on polymers of low
viscosity (up to 10 Pa " s).

The chemical blowing agents (ChBA) make the gas because of the chemical processes of
thermal decomposition or due to various chemical reactions.

Azodicarbonamide (NH,CON=NCONH,) is the most common exothermic ChBA in the
production of foam composites.

The decomposition temperature of azodicarbonamide (ADCA) is about 200 — 210 °C [6].
This temperature is too high to foam modified coal tar pitch because its rheological properties are
changing [3]. The foaming process depends on the viscosity of the pitch polymer matrix. The
pitch is in a highly elastic and viscous-flow state at temperatures of 130 — 150 °C. The pitch has a
viscosity of 55 — 190 Pa " s. This viscosity ensures the formation of foams. The modified coal tar
pitch shows the Newtonian liquid at temperatures above 195 °C, that means, it is a completely
destroyed structure [3]. In addition, the pitch is subject to thermo-oxidative degradation.
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The mechanism of ADCA decomposition are presented in Figure 1 [4]:

(N, -; CO +- NH;CONH, — NH; |- HNCO
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Figure 1. Scheme of the ADCA thermal decomposition

The ADCA thermal decomposition [4] consists of two stages: in the first stage (at
temperatures of 180 — 220 °C) decomposition products are carbon monoxide, nitrogen and urea.
In the second stage (220 — 320 °C) gaseous ammonia and solid isocyanic acid are formed. The
material does not completely decompose into gaseous products. During the ADCA decomposition,
35% of gas, 40% of solid, and 25% of sublimate are formed. The gas consists of 65% nitrogen,
32% carbon monoxide and 3% other gases, including ammonia and carbon dioxide. Ammonia is
formed, mainly at high temperatures.

It is known the decomposition temperature of ADCA can be reduced by activators (zinc and
calcium salts). Some researchers believe [5], the salts of azodicarboxylic acid are formed when
ADCA interacts with calcium or zinc salts. They are the activators of ADCA thermal
decomposition.

During the research it has been proved that ZnSt, is the most active activator. The
decomposition degree of the mixture ADCA-ZnSt, depends on the amount of activator ZnSt, and
temperature. The mixture decomposition degree by ZnSt, increases when the temperature rises.
The dependence of the decomposition degree from the activator amount is difficult and has an
extremum at certain values of the activator amount. The amount of activator ZnSt, decreases with
increasing temperature from 130 to 150 °C to achieve decomposition maximum degree.

Figure 2 shows the dependence of the complex blowing agent (ADCA-ZnSt;)
decomposition degree on temperature and the activator amount.
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Figure 2. The dependence of the complex blowing agent (ADCA-ZnSt,) decomposition degree
on temperature and the activator amount
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Figure 2 shows that for each temperature there is an extremum that corresponds to the
decomposition maximum degree of the complex blowing agent ADCA-ZnSt,. The amount of
activator ZnSt, at each point of the maximum decreases with increasing the temperature.
Therefore, there is a line of activator optimum amount to achieve the decomposition maximum
degree of the the complex blowing agent ADCA-ZnSt; at T = 130 — 150 °C.

Based on experimental data the equations of the dependence of the activator ZnSt, optimum
amount and the decomposition maximum degree of the complex blowing agent from temperature
was obtained. The CBA optimal composition for the selected temperatures was calculated with the
help of these equations.

The optimal composition of CBA: ADCA-ZnSt; at the temperature of 150 °C was used to
foam modified coal tar pitch. The foaming temperature was 150 C, the holdup time - 60 minutes.
The composition based on the modified pitch had the amount of PVC from 10 to 20 % by weight
to the pitch and the amount of CBA from 1 to 5 % by weight to the modified pitch.

The foam criterion (Ks.m) Was used to evaluate the foaming efficiency of the modified pitch
by complex blowing agent:

V, — volume of material before the foaming;

Vioam — Volume of material during foaming.

The foaming process depends on both the amount of PVC in the modified pitch and the
amount of CBA.

Study has shown (Fig. 3) that K¢,am of the pitch modified by 10% of PVC with an increase
of the CBA amount (from 1 to 5%) decreases from 2.5 to 1.5. On the contrary, criterion increases
to 2.85 when the PVC amount is 15 % in a modified coal tar pitch. An increase of the CBA
amount (PVC in the amount of 20%) leads first to increase Ks.m, and then to reduce it.
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Figure 3. The dependence of the foam criterion (Ksan,) from the CBA amount
at T =150 °C and the holdup time of 60 minutes.

APGIP-9 Ukraine, Lviv, May 14-18, 2018
63



Figure 4 shows that Kg.m for CBA 3% with an increase of the PVC amount (from 10
to 20 %) increases from 1.63 to 3.57. In the same time, criterion increases when the CBA amount
is 5 % but the maximum value is only 3.14. An increase of the PVC amount (CBA in the amount

of 19%) leads first to decrease Kgam, and then to increase it. The maximum value of Kiam
reaches 2.86.
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Figure 4. The dependence of the foam criterion (Kg.m) from the PVC amount
at T =150 °C and the holdup time of 60 minutes.

During research, it was found that ZnSt, is the most active activator. The research has
shown that the decomposition degree of the mixture ADCA-ZnSt, increases and the activator
ZnSt, amount decreases to achieve the decomposition maximum degree with increasing the
temperature. There is a line of optimal amount of ZnSt, for the complex blowing agent ADCA-
ZnSt, to achieve the decomposition maximum degree at T = 130 — 150 °C. The decomposition
maximum degree of the ADCA-ZnSt, mixture at an activator optimal amount is 65.8% at T = 150 °C.

The equations of the dependence of the activator ZnSt, optimum amount and the
decomposition maximum degree of the complex blowing agent from temperature was obtained.

The maximum Kg,m and the corresponding CBA amount for different composition of the
modified coal tar pitch are determined. The highest foaming degree K.m = 3.6 was achieved at
the amount of PVC 20% and the amount of CBA 3%.

Experimental studies have shown that the selected CBA (ADCA-ZnSt;) can be used for
foaming MCP.
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Coal tar pitch is the main product of the processing of coal tar, which is formed during the
production of coke from coal. Taking into account the fact that hundreds of millions tons of coal
charge are processed in the world, the production of coal tar pitch is large-scale
(1.5-2 % of coal charge) and its basic amount is used for the production of electrode products and
pitch coke.

Due to the fact that pitch is a product of high-temperature pyrolysis of coal - a non-
renewable natural resource, the search for new ways of rational use of the chemical potential of
coal tar pitch is becoming relevant. The features of the structure and properties of the coal tar
pitch indicate that on its basis can be created fundamentally new materials with the most diverse
characteristics, which will significantly expand the field of its application.

Coal tar pitch is a complex heterogeneous system of highly condensed carbon and
heterocyclic compounds and products of their compaction, differing in aromatics degree,
composition, properties, molecular structure and ratio to solvents. Coal tar pitch, due to the
features of its composition, is an extremely reactive material. The thermal action on the pitch
promotes the thermochemical reactions, which lead to changes in the molecular mass and
structure of the pitch.

Various chemical additives can be used to change the pitch properties. It will depend on the
purpose and the field of application of the materials that will be obtained. The ability of the pitch
to actively interact with various chemical additives allows to be carried out the process at
relatively low temperatures - up to 200 “C.

In order to enhance the polymeric properties of the pitch the low temperature modification
is used by polymeric additives, in particular polyvinyl chloride (PVC) and maleated ethylene
vinyl acetate (MEVA). Modification of a coal tar pitch allows to change its polymeric properties
in a given direction and use it as a polymer matrix for obtaining pitch-based composites. The
advantages of the modification is that this process is carried out at relatively low temperatures (<
200 °C), that is, in conditions in which there is no the pitch significant carbonization.

The purpose of most domestic and foreign researchers in the field of thermochemical
transformations of coal tar pitch is the determination of the effect of the pitch thermal oxidation
on its ability to carbonization and graphitization. Therefore, the vast amount of works in this
direction was carried out at temperatures of 250-340 °C and above. As a result, it was found that a
transformation successive process of low molecular weight hydrocarbons into high molecular
weight hydrocarbons occurs according to the scheme:

Yo B w—oo

The use of a coal pitch as a composite materials matrix requires low temperatures compared
to the thermal and thermo-oxidative modification of the pitch. Thermochemical transformations of
the pitch at low temperatures (less than 200 °C) are studied little.

Some authors point out that, at temperatures up to 200 °C, mainly distillation of volatile
substances is observed, that is the main reason for changing the pitch rheological properties.
However, the investigations carried out at low temperatures in the range of 150-170 °C allowed to
change the slightly simplified view of the processes mechanism occurring under these conditions.
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As shown in the research (Table 1), thermochemical transformations of the pitch at 150-170
°C lead to the formation of low molecular weight hydrocarbons due to the destruction of mainly
condensed aromatic compounds of the B-fraction and, to a lesser extent, of high molecular weight
oligomers of the a-fraction. Thus, at low temperatures 150-170 °C the topological scheme of
chemical transformations of the pitch components changes:

o—p—y

At modification of coal tar pitch by polyvinylchloride, there is an intensive chemical
interaction between components of a reaction mixture. The research results of the PVC influence
on the thermochemical transformation of coal tar pitch at t = 170 °C and T = 2 h are shown in
Table 1. The change in the group composition compared with the calculated one by additivity law
showed that the addition of PVC to the coal tar pitch initiates the B-fraction synthesis from the y-
fraction, which is accompanied by an increase of vicat softening point of the pitch. Also, an
increasing the modifier amount intensifies these processes. Adding of 5% of PVC leads to a sharp
increase in the a-fraction proportion.

Table 1
An influence of PVC on the change of group composition and the softening point of coal tar pitch
Modifier, % of pitch weight Aa, % AB, % Ay, % t,, °C
PVC, 0 -0,2 -1,2 1,4 60
PVC, 1 -0,4 1,0 -0,6 61
PVC, 3 0,7 4,5 -5,2 69
PVC, 5 3,2 6,4 -9,6 70

Thermogravimetric analysis was carried out on a combined thermal analyzer STA PT1600
(Linseis, Germany) with a dynamic heating mode up to 900 °C in argon medium, a temperature
rise rate of 10 °C/min. Results of the thermogravimetric analysis of the system pitch : PVC (3% to
pitch) before and after modification showed the presence of additional peaks on the DTG curve of
the modified pitch (Fig. 1, curve 3) in comparison with the thermogram of the initial mixture (Fig.
1, curve 2), that indicates on the formation of new compounds during the modification. The
bifurcation of the melting endothermic peak (75-175 °C) confirms the presence of new structural
units, and exothermic peak (223 °C) indicates that the interaction between PVC and pitch
continues.

Investigation of thermochemical transformations of coal tar pitch at modification with
MEVA showed a chemical interaction of the components, which leads to the growth of the least
condensed y-fraction of the pitch (Table 2).

Table 2
An influence of MEVA on the change of group composition and the softening point of coal tar pitch
Modifier, % of pitch weight Aa, % AB, % Ay, % t,, °C
MEVA, 0 -0,2 -1,2 1,4 60
MEVA, 3 -0,9 -0,9 1,8 59
MEVA, 5 -0,8 -2,1 2,9 60

The obtained thermogram for the pitch, modified by the MEVA-PVC complex modifier
(Fig. 2, curve 4), is very different from the pitch thermograms, modified individually by each
modifier. On the DTG curve many peaks of different intensity are allocated. This means that they

characterize the destruction of many new molecular entities that are the result of the complex
interaction of pitch, PVC and MEVA. The DTA curve of the pitch, modified by PVC-MEVA
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complex modifier (Fig. 2, curve 4°), also has a different shape from the corresponding curves of
other experiments. Thus, the thermal analysis results show that the combination of modifiers of
PVC and MEVA leads to additional chemical interaction in the system and the formation of new

molecular entities.
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Fig. 1. Thermogravimetric curves of the base coal pitch (1, 1°); system pitch : PVC 3% before
modification (2, 2’); system pitch : PVC 3% after modification (3, 3°).
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Fig. 2. Thermogravimetric curves of base pitch (1, 1’) and pitch after modification:
pitch : PVC 3% (2, 2°); pitch : MEVA 5% (3, 3’); pitch : PVC 3% : MEVA 5% (4, 4°).

The changes that occurred at low temperature modification of the coal tar pitch under the
active additives influence were studied using the method of IR spectroscopy (Nicolet iZ10 FTIR
spectrometer). The research results by the method of IR spectroscopy showed (Fig. 3) that during
the heat treatment of the coal tar pitch its condensation degree increases (increasing the intensity
of the band 3040 cm™). IR spectra confirmed that PVC and MEVA interact with the pitch at
T=170"C.
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Fig. 3 IR spectra: 1 - base pitch; 2 - heat-treated pitch without additives;
3 - system pitch : PVC (3%) after modification; 4 - system pitch : MEVA (5%)
after modification; 5 - system pitch : PVC (3%) : MEVA (5%) after modification.

One of the key steps in the low-temperature modification of the pitch to obtain the pitch-
composite is its basic stabilization. Therefore, the study of the thermochemical processes of the
pitch interaction with stabilizers is an important task. The analysis of obtained data showed that in
all mixtures with the stabilizer, the pitch loses weight when heated in the presence of oxygen, that
is, there are destructive processes with the formation of low molecular weight volatile
compounds. Calculation according to the additivity law showed that stabilizing additives in the
amount of 2% interact with the pitch, as indicated by the difference in actual weight loss from the
calculated one. Melamine, calcium stearate and zinc stearate in the amount of 2% slow down the
destructive processes in the pitch (in contrast to the irganox), that confirms the decrease in weight
loss and the deviation from the additivity law.

Using the IR spectral analysis, it was established that at T = 150 °C an increase in the
aromatic degree of the coal tar pitch (increase in the intensity of the band 3045 cm™) occurs, both
in the presence of stabilizers and without them. Zinc stearate and calcium stearate, interacting
with the components of the pitch, reduce the condensation of the system, forming methylene
bridges between the aromatic rings (increasing the stretching vibrations of 2920 and 2850 cm™ of
the aliphatic group CH;). Due to the reduction of the condensation of the pitch aromatic systems,
the processes of different substitutes separation and the formation of low molecular weight
volatile compounds are inhibited.

Thus, studies have shown that coal tar pitch undergoes thermochemical transformations at
low temperatures of 150-170 °C, in the presence of various chemical additives and without them.
This is developed in the change of the group and chemical composition, as well as the structure of
the pitch. Adding various chemical additives to coal tar pitch can change its properties in a given
direction, that in the future can significantly expand the field of its application.
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HanoTtexHonorii € MBUAKO 3p0CTAIUO0I0 TATY3310 II00aTHHOTO0 €KOHOMIYHOTO 3HAYEHHS, 1110
BKJTIOYa€ PO3pOOKY i BHPOOHHUIITBO HAHOPO3MIPHHUX IHKEHEPHUX YAaCTUHOK, BOJIOKOH, IOKPHUTTIB,
SKi pa3oM OXOIUTIOIOTHCS TEPMIHOM «HaHOMarepianm». [o0ampHUI PUHOK HAHOMAaTEpialiB y
2015 poui ouintoBaBcs npubmuzao B 4,1 mimespniB monapis CLHA, i owikyeTbes, mo g0 2020
poky BiH pocsrHe 11,3 MinmbsipaiB gonapiB, Mpu piuHOMY TEMIIi 3pOCTaHHs y OuThIn HIX 22 % y
nporuo3oBanoMy mnepioai 2017-2022 poxki. [y €BponeiicbKOro puHKY HaHOMaTepialliB JOXiJ y
2015 pomi cknaB Oumbmn HiK 2,5 MinbapaiB nonapi CILA, i ouikyerses, mo a0 2022 poxy BiH
nocsrae 9,1 MinbsipAiB 1onapis 3 piuauM 3poctanusaM 20,9 % y nepiox 2016-2022 pokis.

Hanomarepianu BiJHOCATBCS 10 MarepiajiB, [0 MAlOTh MPUHANMHI OJJHY PO3MIPHICT, SIKa
Mmenie Hix 100 HaHOMETpiB. Po3Mip YacTHHOK y HaHO[iaNa30Hi € OCHOBHOIO XapaKTEPHCTUKOIO,
3a AKOI IX MOXHA BITHECTH came J0 HaHoMarepianiB. Maroyn YHIKaJlbHI BJIaCTUBOCTI,
HaHOMaTepialu BUKOPUCTOBYIOTHCS ISl TPOMHCIIOBUX 1 CIIOKUBYMX 3aCTOCYBaHb, a X Pi3HI THIIH
3HAWIIIM CBOE Miclle B 0314l CEKTOpiB: arpapHOMy, €HEpreTHYHOMY, aepOKOCMIYHOMY,
KOCMETHYHOMY, XapuyOBOMY, MEAMULIMHI, OYIIBHUIITBI, TPAHCIIOPTI, €IEKTPOHIIli TOIIIO.

3pocTaHHs BUPOOHHMITBA HAHOMAaTepialiB Ta IXHE BHKOPUCTAHHS B CIOXHUBYMX Ta
MIPOMHCIIOBHUX MPOIYKTaX MPU3BOAUTE A0 30UIbIIECHHS HECIPUATIUBUX HACIIIKIB JJIS JIIOAUHU Ta
HaBKOJIMITHBOTO ~ cepenoBumia. KoHIEHTpalii peYyoBMH B HABKOJHMIIHBOMY CEPEIOBHIII,
30UTBIIYIOTECSL B MPAMIiN MPOMOPIi 10 iX BUKOPUCTAHHS, 1 TOMY CIiJ OYIKyBaTu 30UIbLICHHS
BILIMBY HAHOMATepialliB Ha HABKOJUILIHE cepeloBHILe (TIOBEPXHEBA BO/IA, IPYHTOBA BOJIA, TTOBITPSA
Ta IPYHT) 1 JIFOICTBO.

IIpekypcopwu, 1110 BUKOPUCTOBYIOTHCS JUIsI CHHTE3Y BYIVICIIEBUX MaTepiaiiB, MalOTh KIFOYOBY
pONIb Y BHPIIMICHH] JKUTTE3JATHOCTI HAHOTEXHOJOTil. Ha choromHimHiA JeHb BYTULIS, caxa,
rpadit, MeTaH, aneTWeH, OCH30JI, KCWJIOJ, TOJYOJ Ta iH. BUKOPHCTOBYIOTH SK BYIJICLIEBY
CHPOBHHY Ul CHHTE3Y HaHOMaTepialiB.

JInst 3HMOKEHHS HAaBAaHTAXXCHHS HAa HABKOJIMIIHE CEPEIOBUIINE, B SKOCTI CUPOBHHHU JJIS
OTPUMAHHS BYIVICLIEBUX HAHOMATEpialiB, MPOMOHYETbCS BUKOPHCTOBYBATH BIAXOAM POCIUHHOI
O6iomacd, a TakoX MNPOAYKTH iX mnepepoOku. OCHOBHUMH IepeBaraMu pPOCIMHHOI Oiomacu €
BIZTHOCHO HHU3bKa BapTicTh, CO,-HEUTPATIBHICTH, MOMUPEHICTD 1 IIUPOKHUH CHEKTP BIACTHUBOCTEH.

[IpupoaHi IpeKypcopu SK JKEPeo BYIIEIO Ta BYIICBOJHIB, SKi € MOHOBIIOBAHUMHU Ta
JICIIEBIIMMU 332 BUKOIHI Ta IITy4yHI Marepiajid, MOXYThb BHUCTYNATH albTEPHATUBOIO JUIA
MIPOMHCIIOBOTO  BHUPOOHMIITBA  BYIJIEHEBUX HaHOMarepiajiB. BuUKOpHCTaHHS  HPUPOAHUX
NPEeKypcopiB Uil CUHTE3Y (YHKI[IOHATbHUX BYyIJIELEBUX HaHOMAarepialiB OCTaHHIM YacoM
MPUBEPHYJO 3HAYHY yBary sk O€3MEYHOT0 Ta €KOJOTrIYHO YUCTOTO HUIIXY A0 PI3HOMAHITHOTO
3aCTOCYBaHHSI.

[Ipekypcopu Ui cUHTE3y HaHOMAaTrepialdiB MOBUHHI XapaKTepU3yBaTUCh HU3BKUM BMICTOM
BOJIHIO Ta SIKOMOT'a BHCOKMM BMICTOM BYIVIELIO Ul BUPOOHMLTBA BHUCOKOSIKICHOT MPOAYKIIT Ta
3HWKEHHIO HMOBIPHOCTI YTBOPEHHSI MOOIYHUX MPOJYKTIB (HAPHUKIAA, aMOp(HOrO ByINELo). Y
3B’A3KY 3 IIMM, €(QEeKTHBHUM IUIIXOM BHUKOPHCTAaHHS POCIMHHOI Olomacu € ii mipoii3, ILIo
JI03BOJIUTH MIIBUIIUTH BMICT BYIJICIO 1 3HU3UTH BMICT 1HIIMX KOMIIOHEHTIB.
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bynu nmpoBeneHi NOCHIKEHHS 3 BHUBYEHHS BIUIMBY KIHILIEBOI TeMIepaTypH MipoJi3y Ha
3MIHY €JIEMEHTHOTO CKJIaay pi3HOI1 OiomMacH: AEpEeBUHU XBOMHMX IMOPIJ, JIYILIIUHHS COHSLIHHKA,
COJIOMH, cTe0es KyKypy/I3H 1 IIKapIyIH BOJIOChKOTO ropixa. [Tipomi3 6iomacu mposowm Bin 300
10 1000 °C 3 inTepsaiom B 100 °C. VY Tabnuii 1 HaBeneHi pe3yibTaTd BUSHAYEHHS €JIEMEHTHOTO
aHaii3y.

Tabauysa 1

XapakTepucTHKa 0ioMacH 32 MOKA3HNKAMM eJIEMEHTHOTO CKJIaxy
B 3QJ1€3KHOCTI Bil TeMnepaTypu mipoJisy

Kinmena
HaiimMenyBaHHs ipoOH temmepatypa | H%, % | C% % | H* % | C* % | S, % | N9 %
mipomizy, °C
1 2 3 4 5 6 7 8

BUHX. 6,16 48,6 6,22 49,09 ¥ 0,76

300 4,61 60,37 4,98 65,28 H.I. 0,59

400 3,90 68,97 4,33 76,56 H.JI. 0,68

. 500 3,68 69,83 4,11 78,08 H.I. 0,64
Hepemnlii‘;o”ﬂ”x 600 239 | 7737 | 273 | 8827 | wma | 0,72
700 1,29 79,89 1,52 94,29 H.JI. 0,59

800 1,01 79,07 1,19 92,97 H.JI. 0,62

900 0,59 81,05 0,69 93,96 H.JI. 0,51

1000 0,73 80,77 0,85 94,21 H.JI. 0,43

BHUX. 5,92 49,57 6,08 50,89 H.J. H.JI.

300 4,14 69,69 4,37 73,59 H.JI. H.JI.

400 3,93 67,33 4,20 71,89 H.JI. H.JI.

500 2,78 74,60 2,95 79,17 H.JI. H.JI.

JlymmuHHS COHSIIHUKA 600 2,31 69,63 2,51 75,65 H.JI. H.JI.
700 1,40 79,67 1,54 87,82 H.JI. 1,28

800 1,20 77,36 1,32 85,28 H.JI. H.JI.

900 0,87 80,37 0,97 89,64 H.JI. H.JI.

1000 0,69 78,95 0,78 89,82 0,1 0,83

BHX. 6,05 49,5 6,4 52,38 0,13 1,05

300 4,25 61,99 5,04 73,33 0,12 0,88

400 3,69 61,99 4,42 74,19 H.JI. 0,82

500 3,16 65,11 3,90 80,34 H.JI. 0,70

Conoma 600 2,50 69,64 3,15 87,67 H.I. 0,78

700 1,52 69,56 1,96 89,67 H.JI. 0,64

800 1,03 69,00 1,33 88,84 H.JI. 0,59

900 0,75 72,87 0,95 91,72 H.JI. 0,63

1000 0,54 71,20 0,70 92,47 0,09 0,59

BUX. 6,5 56,4 6,52 56,57 0,2 0,4

300 4,46 75,38 4,55 76,81 CII. 0,33

[kapiyma BOJIOCEKOTO 400 3,92 79,48 4,00 81,12 CII. 0,39
ropixy 500 2,93 81,57 3,01 83,91 CII. 0,52

600 2,87 88,74 2,97 92,09 CIL. 0,35

700 1,86 89,74 1,90 91,93 CIL. 0,31
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IIpooosowcenns maon. 1

1 2 3 4 5 6 7 8
800 1,08 91,86 1,11 94,49 CII. 0,28
900 0,98 92,96 1,01 94,81 CI. 0,28
1000 0,63 93,20 0,65 96,12 CI. 0,29
BHX. 5,56 42,81 6,37 49,08 H.JI. H.JI.
300 1,84 43,37 4,16 67,84 H.JI. H.JI.
400 3,73 66,16 2,88 73,84 H.JI. H.JI.
500 2,89 65,06 3,38 76,00 H.JI. H.JI.
Crebna KyKypy/a3u 600 2,14 69,32 2,50 81,07 0,09 0,68
700 1,14 58,10 1,74 88,70 H.JI. H.JI.
800 1,34 68,39 1,69 86,42 0,09 0,63
900 0,82 67,37 1,07 88,26 H.JI. H.JI.
1000 1,14 68,88 1,37 82,99 0,09 0,7

H.J.* - HeMae JIaHuX; BUX. — BUXiJHa Oiomaca; c¢i. — ciiau; d — Ha cyxuit craH; daf — Ha roprouunit
CTaH.

[Tiponiz Giomacu 3a pi3HOT KIHIEBOI TemIeparypl IoKas3aB, 110 HEOOXiJHI BIaCTUBOCTI
MIPEKYPCOPIB MOXKYTh OyTH TOCSTHYTI 3a MEBHOI ONTHMAJILHOT TEMIIEpaTypH, BHIIE SKOI ITIPOIIi3
He Oygere maru icTOTHOTO 3HavdeHHs. Hampukian, 3a temmeparypu 700 °C eneMeHTHUH cKian
MIPOJII30BaHOI JIEPEBUHU Ta JIYLIMHHHS COHSIIHMKA HEHA0arato BiAPI3HAETHCS BiJ 3HAUCHD,
orpumanux 3a 1000 °C. V cBOI 4epry, eJleMeHTHUI CKiIaz cTebes KyKypya3H i IKapIymd ropixa
JI0CSATaB BiJJHOCHO BHUCOKHMX 3HA4€Hb 3a KiHIEBOI Temreparypu miponizy 600 °C. HaiiGinbim
BHUCOKHUI BMICT BYIJICIIO Oy/I0 OTpUMaHO MpHU Mipoii3i mKapaynu ropixa — 96,12 % (uwa roprouy
macy) mpu 1000 °C. BHCOKi 3HaueHHs BYIVICIIO TAKOK OTPUMAaHi MpPH MHPOJi3i JEPEBUHH —
94,21 % 1 comomu — 92,47 %.

Jis nocniikeHh Ha BH3HAUEHHS BYINICIEBUX HAHOMATEpialiB B POCIMHHIN Oiomaci Oymu
o0Opani mopibHeHi cTebna KyKypyasu i X 3aaMIIoK micis mipoiisy 3a 1000 °C. Ha pucynkax 1 i2
MIpPE/ICTaBICH] 300pakeHHs BYIVICIIEBUX HAHOYACTHMHOK OTPHMAaHUX 13 BUXIHUX 1 MIpOJI30BAHUX
creben KyKypya3u. Po3mipm HaHOYaCTHHOK B HEOOpoOIeHi KyKypyasi ckiagarorh Bia 37 10
110 aM, a B miposizoBaHii KyKypya3i mpubmuzno no 12 um. OTpumaHi HAaHOYACTHHKH Oynu
CXWJIBbHI /IO IBUJKOT arperaiii 1 MatoTb aMOp(pHY CTPYKTYPY.

TEM 100KV x50000 100nm

Puc. 1. IIEM 300pasicenns gy2neyesux HaHO4acmuHok cmeben KyKypyo3u
(x50000)
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Puc. 2. IIEM 300pasicennst gyeneyesux HAaHO4aACMUHOK RIPOI308AHUX
npu 1000 °C cmeben kyxypyosu (x25000)

Takum ymHOM, HeoOpoOseHy Oiomacy 1 TBepAl MPOJYKTH Mipoiizy OiomMacu, a Takox iX
CyMIlIi B PI3HMX MAacCOBHUX CIIBBIHOIICHHSX, MOXXHa PO3MISAIATH SK KOHKYPEHTOCIPOMOXKHY,
€KOJIOTIYHO JAPYKHIO Ta EKOHOMIYHO €(EeKTHBHY CHpPOBUHY JUIS BHKOPHCTAHHS B CHHTE3I
HaHOMATepiaTiB MO BiIHOMICHHIO JI0 IHIINX MPEKYPCOPIB.
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Introduction

The jet fuel Jet A/Jet A-1, the product used in today's airliners, has been largely refined from
crude oil feedstock. In recent times, however, the aviation industry became aware of emissions
and its contribution to climate change. It has also raised concerns over future supply security and
operational costs. These factors have led to interest in the development of product produced from
alternative sources.

Advancement in process technology is providing alternative means of producing traditionally
distilled crude products, through the conversion of coal, gas or biomass. The processing techniques
provide production of fuels, which have similar properties to conventional Jet A-1 fuel.

Literature overview

The promising feedstock for alternative JFs production is plant biomass (corn, rapeseed,
soybean, camelina, algae, etc), animal fats, industrial, household and municipal waste, etc [1]. Today,
one of the main tasks in the field of production and use of alternative aviation fuels and lubricants is
meeting a number of requirements related to efficiency, reliability and durability of transport vehicles
[2].

During previous studies the samples of new alternative JFs were developed and first lab test of
its physical chemical properties were fulfilled [3, 4]. This kind of alternative JF is a mixture of
conventional JF of grade Jet A-1 and bio-additives produced from plants oil up to 50 %. New fuels
were obtained using bio-additives produced from rapeseed oil (RO). It is known that today rapeseed is
one of the promising types of feedstock within the European region [5, 6].

At the same time it is well-known that one of the key operational parameters of JF is its low
temperature properties. These properties determine aircraft reliable and sable operation at wide range
of conditions and thus provide flight safety that is a main principle of modern civil aviation. Today
much works are devoted to the question of studying low-temperature properties of alternative JF [7].

Purpose of this study is to investigate the basic low-temperature properties of alternative
aviation fuels, and to determine how they correspond to the norms of traditional aviation fuels and to
what extent they can replace them. Objectives of the study are: to measure parameters of such
properties of fuels as a viscosity and freezing point (FP), to construct diagrams basing on the results of
the research.

Requirements to low-temperature properties of jet fuels

Low-temperature properties of JFs are characterized by its behaviour at low temperatures
and are strictly controlled by specifications. During exploitation JFs usually have to work at very
low temperatures, especially in winter and during high-altitude flights at altitudes of 9—12 km,
where temperature reaches -50—70 °C (Kulik et. al, 2015).

Cooling of JFs may be accompanied with clogging of fuel filters that may be associated
with aircrafts accidents and disasters. Cooling of fuel also affects reduction of spraying efficiency
by fuel nozzles and worsening fuel pumps operation.
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Low-temperature properties of fuels are characterized by physical and chemical phenomena,
which occur in fuels at temperatures below 0 °C. At low temperatures insoluble precipitates of
organic nature appear and affect the operation of the fuel system. The main reasons for their
occurrence are sharp decrease of some fuel components solubility with a temperature decrease
and phase transitions. The main source of low-temperature precipitate in JFs is the crystallization
of fuel’s hydrocarbons when FP is reached. Decreasing of temperature causes crystallization of
hydrocarbons, rise of crystals concentration and fuel gradually loses its fluidity and then freezes.
When reaching pour point (PP) the complete turbidity of fuel is observed. More cooling results in
fuel solidification.

Description of equipment and experiment realization

Within the scope of this study, low-temperature properties of JFs blended with bio-additives
were estimated by PP, FP and kinematic viscosity at low temperatures. For fulfilling experimental
studies conventional JF of grade Jet A-1, that meets requirements of specifications, was used.

For obtaining blended JFs three types of bio-additives were used:

— Fatty acids methyl esters (FAME) of Rom whuch quality parameters meet requirements of
specifications;
— FAME of RO that were specially modified by vacuum distillation according to the method

described in [8];

— Fatty acids ethyl esters (FAEE) of RO that were also modified according to the mentioned
method.

Within the scope of this work we have studied low-temperature properties of pure JF, pure
samples of bio-additives and JF blends, which contained 10 %, 20 %, 30 %, 40 % and 50 % of
each type of bio-additives.

Bio-additives based on FAME and FAEE of RO are characterized by higher values of PP
comparing to conventional JF (Table 1.). High values of bio-additives PP are stipulated by
chemical structure of molecules and by Van der Waals interactions between them. The length of
the hydrocarbons chain (C;5—Css) defines the large size of the compounds and due to this binding
energy between molecules is higher comparing to conventional JFs.

Table 1
PP of JF and bio-additives samples
Designation of fuel sample Pour point, °C
Jet fuel of grade Jet A-1 -59.0
FAME of rapeseed oil -15.0
Modified FAME of rapeseed oil -19.0
Modified FAEE of rapeseed oil -18.5

Due to the existence of forces of intermolecular interaction the speed of random motion of
esters molecules is insignificant. With a decrease of temperature its association grows fast: on the
one hand, because of decrease in thermal motion of molecules, which weakens the bonds between
them, and on the other — because of decrease in mobility of esters molecules, which are
“bounded” with each other. Further temperature decrease causes viscosity rise to such a degree
that esters freeze and loose its mobility.

The experimental results have shown that blending JFs with bio-additives increased its PP.
The dependence of fuels’ PP on bio-additive concentration was built (Fig. 1).

When concentrations of bio-additives are less than 30% (v/v), their effect on the FP is
relatively insignificant. At low concentrations they are uniformly distributed in the volume of JF
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and distances between esters’ molecules are not enough for interaction appearance. Further increase
of esters content causes rise of PP that gradually approaches to values typical for pure esters.

When content of bio-additives in JF exceeds 30 % the amount of comparatively large esters
molecules is sufficient for their associations. Thus, associated esters’ molecules initiate formation
of structure within blended JFs. The other explanation of PP of blended JFs rise may be proposed:
during temperature decrease small molecules of JF bond with associated esters molecules. This
promotes association of hydrocarbons and freezing of blended JFs.

We have also assumed that with temperature decrease there is a certain phenomenon in
modified fuels: small-sized molecules of hydrocarbon fuel are combined with individual
molecules or a set of associated esters molecules, which promotes the association of hydrocarbons
and its hardening [5].

It is known that the reason for the decreasing of fuel pumpability at low temperatures is a
significant increase in fuels’ viscosity [9]. In order to evaluate viscosity of blended JFs we have
determined fuels viscosity in temperature range from -20 to 100 °C. Then we have studied the
mutual influence of temperature t and concentration ¢ of bio-additives on its viscosity v (Fig. 2—
4.). This was done by the method of linear regressive analysis.

il V., mm¥/s

=15

5 * F - F T F 7
o 10 20 a0 40 50

Vo, %
Fig. 1. Dependence of fuels’ PP on bio-additive Fig. 2. Kinematic viscosity of tested fuel samples
concentration: 1 — jet fuel + FAME, 2 — jet fuel + as a function of temperature and FAME bio-
modified FAME, 3 — jet fuel + modified FAEE additive concentration.
V. mm?/s V. mm?/s
\ l—l5 l—ls

— 10

100
t,°C
Fig. 3. Kinematic viscosity of tested fuel samples Fig. 4. Kinematic viscosity of tested fuel samples
as a function of temperature and modified FAME  as a function of temperature and modified FAEE
bio-additive concentration. bio-additive concentration.
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Thus, increasing the concentration of esters and reduction of the temperature are factors that
contribute to the association of molecules of blended JFs primarily due to increasing the number
of collisions (contacts) of esters’ molecules. And reduction of temperature is a factor that
strengthens the ties associated molecules by reducing the speed of molecules thermal motion and,
consequently, increases the viscosity and PP. Results on fig 2 — 4 show both, the influence of
individual factors (temperature and bio-additives concentration) and also their mutual influence.

It is known that the dependence curves of the viscosity of JFs on its temperature change in
the low temperature zone rather rapidly. These 3D models show that even insignificant increase of
temperature causes a significant decrease in fuels’ viscosity. To avoid potential problems with
blended JFs spraying at low temperatures it is possible to increase fuel pressure before the
nozzles. This technical solution is well-known for a long time and has been successfully used
during JEs exploitation [5].

Conclusion

In a result of the work the complex of low-temperature properties of the new alternative jet
fuels were studied. Experimental results have shown that rising the content of bio-additives in
conventional JF leads to general worsening of low-temperature properties of JFs that is revealed
by rising of FP. This factor limits using of bio-additives in JFs’ blends: thus maximal content of
bio-additives may be 30 % (v/v). JFs’ blends of such composition completely satisfy requirements
of specifications to conventional JFs. According to modern specifications maximal FP of jet fuels
shouldn’t be higher that minus 47 °C.

It was concluded that maximal content of bio-additives in alternative JFs is 30 % (v/v).
Taking into account insignificant difference in characteristics of JFs blended with methyl and
ethyl esters it is more rational to use rather FAEE than FAME. The use of ethanol provides
production of bio-additives of completely renewable feedstock.
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NEPCIHEKTUBU HA®TOI'A30OBOI'O KOMILJIEKCY YKPAIHU

bozoan Makcumoeuu
I «JIvsieoinponagpmoximy, 719039, m. JIvsis, syn. 3onoma, 8, email: bmaksymovych@ukr.net

B icTopito HaTOra30Boro KoMIuiekcy YkpaiHu BIHUCaHO 0arato cIaBHHX iMEH. 3 TIIHOOKOIO
MIOIIAHOIO 3rafjaiMo JeKiIbKa 3 HUX.

I'puropiit OmensHoBu4 JlicHnumii. bBrimcky4wmii opraHizarop opaHiel 3 HaWBaKIUBIIINX
0a30BUX Tady3edl BITUYM3HSHOI TMPOMHCIOBOCTI, a came HadTomepepoOHOI Ta HAPTOXIMIYHOT
raiysi, OyB, € 1 Ma€ 3IMIIATUCS IJIs1 HACTYITHUX MOKOJIIHB (paxiBIliB 3 XIMIUHOT mepepoOku HapTH
1 razy OesmepedynnM mpodeciiHUM 1 MoOpanbHUM aBTOpUTETOM. [lo€aHyrOUM BHUCOKHIA
npodecioHanizaM Ta 0COOMCTY BINMOBITAIBHICTE Mepel KpaiHOK 3 BUMOIIHUBICTIO 10 ITUICTIINX,
I'puropiii OMenstHOBUY 3a ABaUATH POKIB KEPIBHHUIITBA HAIIOK Tally33l0 3yMIB HapOCTUTH
MOTYKHICTh HaQTONepepoOHUX 3aBOIIB 3 7-H MUIBHOHIB TOHH B 1965 pori 10 62-X MUTEHOHIB
TOHH B 1985 pomi Ta opranizyBaté OyJiBHHIITBO LUIOTO PsY MiJIPUEMCTB HAPTOXIMIYHOTO
podiar0-3aBOiB 3 BUPOOHUIITBA TEXHIYHOTO BYIJICHIO, aBTOMOOUTLHUX IIWH, PI3HOMAaHITHUX
T'YMOBOTEXHIYHUX BUPOOIB.

Bonomumup TuxonoBuu Cxisip. Bunyckuuk kadeapu Texnonorii HagTu i razy JIbBIBCKOTO
MOJIITEXHIYHOTO IHCTUTYTY, ACCATWIITHIA AMPEKTOP CTBOPEHOrO HUM BcCecoro3HOro HaykoBO-
JOCTITHOTO Ta IMPOEKTHO-KOHCTPYKTOPCHKOTO IHCTUTYTY HadTonepepoOHoi Ta HadToxiMiuHOT
npomucioBocti (BHAiITKuadgTOXIM).

ITix fioro Ge3nocepenHiM HAyKOBUM KEPIBHUIITBOM OYJI0 PO3pOOIECHO TEXHOJIOTII Ta Y CTUCI
CTPOKH BIPOBADKEHI Yy BUPOOHUITBO MoHA] 50 HaliMeHyBaHb TakMX HA(TOXIMIYHUX MPOJYKTIB,
SK aJKUICATIIUIATHI, CYKIIMHIMIIHI, CyIb(OHATHI Ta 1HII MPUCAAKH O OJUB, HT10ITOPH KOPO3ii,
TJIACTUYHI MACTHIIA, TOBEPXHEBO-aKTUBHI PEUOBUHU I IHTEHCU(IKAIlil BUIOOYTKY HadTH 1 Ta3y
TOMIO.

Bonomumup TuxoHoBHY Tex OyB MPUYETHUM JIO CTBOPEHHS MOTYKHOI HadTomepepoOHOT
npomucioBocTi Ykpainu. byniBaunTso Jlucuuancekoro ta Kpemenuynpkoro HadromnepepoOHUX
3aBoaiB (HII3), pexoncrpykuis Hporoduipkoro, HaasipHsHcbkoro, Onecbkoro, XepcoHCHKOTO
HII3 ta bepnsHchkoro HaQTOOIMBHOTO 3aBOAY Oylo 3AIHCHEHO 3a MPOEKTHOIO JTOKYMEHTAIIEI0,
po3pobneHoro mix kepiBaunTBoM B.T. Crusipa.

Opiit Jlyknu Imyk. bararomithiii naykoBuilt kepiBuuk Ykp HJI HIT «MACMA».
bauckyunii BueHMI, BUHAXITHUK 1 TaJAHOBUTUI OpraHizaTop po3poOJIeHHS 1 BIPOBAPKEHHS Y
BUPOOHUIITBO TEXHOJIOTIH Oararbox IuTacTUYHUX MacTui. lle 3aBmsku #omy beprasHchkumii
HadToonuBHUIA 3aBox (mizHime «A3MOJI») craB OgHMM 3 HAWMOTYXKHIIIMX B CBITI 3aBOJIB 3
BUPOOHMIITBA BUCOKOSKICHUX TNIACTUYHUX MACTHJI, KOTPi eKCIIopTyBayncs B oHaxa 70 kpaiH.

51 He BUNAJIKOBO PO3MOYAB CBOIO JIOMOBIJb 31 3rajIkKM HUX TPhOX XapU3MaTHYHHUX CBITOYIB-
TBOpLIB Hamoi ramdysi. Aypa IXx TBopuoi mpami, mpodeciiini Ta TpoMmaisSHCHKI YecHOTH
MPOJIOBXKYIOTh JKUTH B Hac Ta OyIyTh >KUTH B HAIUX Ham@akax. | 1me 3amopyka HaIoro
ONTUMI3MY I10/I0 MEPCIIEKTUB HAPTOTra30BOro KoMIuiekcy Ykpainu. Ilpuituioe uac nomenyiiinum
aidepam HAnOBHUMUCA NOUYMMAMU Oi1bulol 6i0N0GIOANbLHOCMI Ma PO3YMIHHAM nompeou
00’conamu i axkmuegizyeamu 3ycunna ycix unenie YHIA, cneuianizosanux HayKkosux
IHCmumymie, HAGUAIbHUX 3AKAA0I6 Ma GUPOOHUYO20 AKMUEY HAWLOI 2any3i 01 NOWLYKY
winAxie it peanimayii.

Hama ramy3p € crpareriyHo BaXJIMBOIO B eKoHoMill Ykpainu. Tomy n0o Hei moBHHHA
NPUIUIATUCS OcoOJIMBA yBara ychOIO CYCHUIBCTBAa. AJle XTO MOBHHEH IHIIIIOBaTH IO yBary?
Bignosigs npocTa-akTUBHI TPOMAJSIHA Ta aKTUBHI IPOMaJIChKi iHCTUTYIII. B YKpaini po3noyascs
Ipolec JeleHTpalizalii, CTBOPIOIOTbCS TEPUTOPiaIbHI IPOMaaM, KOTPI MOBHHHI BHUIIYKYBaTH

APGIP-9 Ukraine, Lviv, May 14-18, 2018
77



pe3epBu i1 cBOro po3BUTKY. [Ipodeciliny nomomory B Mmomrykax pe3epBiB Uisl PO3BUTKY IpoMa]
MOBMHHI HaJlaBaTH Tajly3eBl akaJeMii Ta creniani3oBaHi HaykoBi IHCTUTYLII. B Hamomy Bumaaky,
MPOBIAHUMHU TIPOMOTOPAaMHU PO3BUTKY Ha(TOra3oBOro KoMmiuiekcy mMatots Oytu YHI'A ta IBano-
@®paHKIBCHKUN HAIllOHAJbHUN TEXHIYHUN yHiBepcuTeT HaTH 1 ra3y. lle He mpoctuil nuax —
MOETHAHHS MICIIEBO] 1HILIaTHBH Ta JAep>KaBHOTO yrpasiiHHs. [loTpiOHa 11i1a HU3Ka HOBUX 3aKOHIB
VYkpainun moa0 3a0e3nevyeHHs ¢(EKTUBHOCTI TaKoro TO€AHAHHS. Pa3oM 3 TuUM, HEOOXiTHO
PO3pOOSATH KOHKPETH30BaHI MPOTpaMH PO3BHTKY Taily3i 3 BH3HAYCHHSM JDKepes (hiHaHCOBOTO
3a0e3revyeHHs peamizamii nux mnporpaMm. MUDbKHApOJIHI I1HBECTHINI TOBWHHI IOEJIHYBATHUCS 3
¢inancamu omirapxi. CyCHiIbCTBO TOBMHHO 3HAWTH CHOCOOW 3MYCHUTH OJIIrapXiB IOBEPHYTH
rpomli HapoAay Ha pO3BUTOK EKOHOMIKM YKpainu. Temep ImI0oJ0 TEpPCHEKTHB PO3BUTKY
Ha(pTOra30BOro KOMIUICKCY.

[Touny 3 HaWOLIBII PO3BHHYTOTO CEKTOPY — Ta30BOi MpOMHCIOBOCTL. s ocraroyHOro
yHE3aJIe)KHEHHS! YKpaiHu BiJl pOCICHKOTO ra3y MOTpiOHO, KpiM 301IbIIEHHS BHIOOYTKY BIaCHOTO
ra3y, HakiHeIlb JIOKJIACTH HEeOOXiTHUX 3YCHJIb JUIS MOOYIOBH MOTYKHOTO MPUHOMHOTO TEPMiHATY
CKparwieHOTo ra3zy. TakuM YMHOM, MU HE TUTbKHA 3MOXXEMO CTBOPIOBATH CTpATETIdHI 3altacu rasy,
ae i moOyayBaTH 3aBOA 3 BUPOOHHWIITBA METAHONY, SK 0a30BOI CHUPOBHHH Ui BEIUKOi
HadTOXIMIi.

HadtoBuii cexrop. HaiiGinpm Oomounii. OcoOnuBO Ui Hac, rajudaH, KOTpi 1o0pe
nam’ATaloTh YacH TaluLbKOro HagpTOBOro enpaopano. Ha xamp, HadTOBI pojoBHINA HE
Oe3KiHeYHi, MPOTe B HAJApaX 3aJIUIIMIOCSA, KPIM TPAAMIIIIHOI, I JOCHTH 0arato BHUCOKOB’S3KOi
Haptu. TomMy mNOTpiOHO CTBOPUTH CHPUATIMBI, B TOMY 4YHCII  3aKOHOAABYi, YMOBH JUIA
30UTBbIICHHS 11 BUIOOYTKY Ta mepepoOKu. AKe BHCOKOB’sI3Ki HA()TH 1€ HE JIUIIE BHCOKOSKICHA
CHPOBHHA JIJIsi BUPOOHMIITBA DPI3HOMAHITHUX OITYMHMX KOMITO3UIINA, aje W CHUpOBHMHA IS
BUPOOHMIITBA HAYTOBUX CYIb(OHATIB /IS 30UTBIIIEHHST HAPTOBUAOOYTKY.

HadromepepoOka. Eneprernuna Oesmeka VYkpaiHu B 3HAuHIM Mipi 3aJI€KUTh BiJ
3a0e3neyeHHss apMii, MPOMHCIOBOCTI Ta HACeNeHHS BIACHUMH MAIWBO-MACTHIILHUMH
Marepianamu. Tok HacTaB yac moOyZoBH HOBOTO HadTonepepoOHoro 3aBony. CriBiHBECTOpaMH
OyIiBHUIITBA LIOTO 3aBO/IY 3MOKYTh BUCTYIIMTH BIACHUKHU apaOChKOi1 HAQTH, BITYM3HSIHI OJIirapXu
Ta BIIACHUKH aBTO3AIIPABOYHUX MEPEK.

HayxoBo-nocninnuit cexrop. Mu He maemo npasa Brpatutu Ykp HJAI HIT «MACMA» Ta
«JIbBiBnimponadToxim». «JIpBiBIINpoHadTOXIM» HIyKae criocodbu cBoei Tpancdopmartii. OqHUM 3
HamnpsIMKIB HOTo peopraHi3aiii-CTBOPEHHsS IHCTUTYTY eHepreTuuHoi Oesmeku. s peanimarii
Yxkp HAI HIT «MACMA» Tex mNOTpiOHO 3HAXOAWTH OpHUTriHAJIbHI pilmleHHs. Bxe € meBHi
HalpalloBaHHA I[I0JJ0 BHUKOPUCTAHHS Yy BHPOOHUIITBI MNaJlMBO-MACTWIBHUX MarepiaiiB
010JIOTTYHUX KOMIIOHEHTIB-CIMPTIB, piMakoBoi oJiii Tomo. MokHa pO3BUBATH II€H HANPSMOK.
€ BenMYe3H1 HaNPAIIOBaH B TEXHOJIOTIAX BUPOOHUITBA IJIACTUYHUX MACTHII, IPUCAIOK JI0 OJIMB,
1Hr1061TOPiB KOpO3ii Ta IHIII, KOTP1 TEK HEOOX1THO BUKOPUCTOBYBATH SIK HA BHYTPIIIHbOMY TaK 1 Ha
MDKHapOJHOMY PHHKY.

Maemo Opatu npuknan 3 nana Awxapis I[lymaka (TOB «llanuBHI TEXHONOTI»), SKHI
aKTMBHO UIYKa€ 1 3HAXOIUTh CIOCOOM PO3LIMPEHHS Miana3oHy MisIbHOCTI CBO€i (hipMH — Bif
AQHAIITUYHOT Ta HAYKOBO-IOCTIAHOI pOOOTH A0 3alydeHHs iHO(IPM MO0 BIPOBAHKCHHS B
JOPOKHE OYyNIBHUIITBO BHCOKOSIKICHUX JIOJIATKIB TMOKPAIIEHHS JOPOXKHIX OITYMIB, BUKOPUCTAHHS
JNOJATKIB /sl 3MEHIIEHHS B’S3KOCTI HAapTH TpH 1 TpPaHCHOPTYBaHHI Ta JOJATKIB JUIs
iHTeHcudiKalii BUIOOyTKY HAapTH 1 Tasy.

Bipto, mo no HactynHoi, roBuneiiHOT1 10-i MikHapoaHOI HAyKOBO-TEXHIYHOT KOH(epeHIii
«Iloctyn B HadTorasomnepepoOHiii Ta HAQTOXIMIYHIM TPOMHUCIOBOCTDY MU MIAIAIEMO 3 EBHUMHU
MO3UTHBHUMH 3MiHaMu B Ha(TOra30BOMY KOMILIEKC1 YKpaiHH.
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HOPIBHAJIBHI MOTOPHI CTEHIOBI BUIIPOBYBAHHSA
CYMIHNIEBUX ITAJIMB HA OCHOBI ETHJIOBHUX
TA BYTHJIOBUX ECTEPIB KUPHUX KUCJIOT

Cep2iit Kouoeaﬂoel, Jrooe Hampumml, Cmenan 3y6em<01, Muxaiino Oxpimemcol,
Ancena Hrosenxo®, Anmon JIesmepoez, Amnopii A8paM8HK02
1IHcmumym bioopeaniunoi ximii ma nagpmoximii HAH Yxpainu, éyn. Mypmancoka 1,
02094, Kuis, Yxpaina; konovalovserhiy@gmail.com
2IHcmumym npoonem mawunobyoysanus im. A.M. Iliocopnoeco HAH Yxpainu,
eyn. Iooicapcoroeo, 2110, 61046, Xapxis, Vkpaina

HasBHICTP anbTEpHATHMBHUX MOTOPHHMX TMajHB, IO BHPOONSAIOTH 3 Oilomacu, B
eHepreTHuHoMy OanaHci KpaiHH € aKTyaJbHHM TIMTaHHSM Yy KOHTEKCTI EHEepPreTHMYHoi Ta
eKOJIOTTYHOT Oe3neKkd. 3pOoCTaHHA iX MHUTOMOI YaCTKU B CTPYKTYpPl CIIO)KHMBAaHHS JIO3BOJMIIO O
3HM3UTH EKOJIOTIYHE HABAaHTAKCHHS Ha HABKOJIMIIIHE CEPEJOBUINE Ta 3MEHIIUTH pPiBEHb
SHEepPTreTUYHOT 3aJISKHOCTI KpaiH, 0 € TPaIuIIiHUMU IMIIopTepaMu HaTH Ta HAPTOMPOIYKTIB,
70 SIKUX HaJeKUTh 1 YKpaiHa. Biogu3ens € CyMilImio MOHOAJKLIECTEPIiB KUPHUX KHUCIIOT, HOTO
olepkaHHsI 0a3yeTbcsi Ha peakuii nmepeecrepudikanii TPUMIINEPUAIB HIDKYMMHU CHOHpPTaMH (B
MPOMHCIOBUX MacmTabax — Maibke BHUKIIOYHO MeETaHoyoM). JKepenoM TpUITTLEpUIiB B
3aJISKHOCTI BiJl TeorpadiyHOro perioHy CIyryloTh Ti YM 1HIII POCIMHHI OJii (SIK CBDKI, Tak i
BiJpanboBaHi Y1 HEKOHAUIIIIHI), pinmie — TBapunHi xupH [1-2]. He 3Baxkatoun Ha oOBai 1iH Ha
Hadpty B 2014-2015 pp., cBiTOBi 006’eMu BUpOOHMITBa Oloam3ens micng naainHs B 2015 p. Ha
4,9 % B 2016 p. 3pociu Ha 6,5 %, cknaBmM OMU3BKO 25 MIH. T HA(TOBOTrO EKBiBajeHTY [3].
€sporneiicekuii Coro3 € HaOUTBIIUM BUPOOHUKOM O10IM3eIbHOTO MaIuBa B CBITI — Ha kpainun €C
npurnagae OMU3bKO MOJOBUHHU CBITOBUX 00’eMiB BUpoOHHUITBa. B €C 06ionu3ens € OCHOBHUM
MOTOpHUM OilonaJiMBOM, HOrO YacTKa Ha PHUHKY TpaHCHOpPTHUX OlonanuB csrae 80 % [4].
B Vkpaini 6ioan3enpHe MaauBO BUPOOISETHCS JIUIIE Y BKpail HE3HAYHUX KUTBKOCTAX, SIK MPABUIIO,
B HAIIBKYCTapHUX yMOBax 0e3 HaJIe)KHO KOHTPOJIIO SIKOCTI.

CBiTOBE MPOMHUCIOBE BUPOOHUIITBO OIi0IM3ETI0 3aCHOBAHO Mailke BHUKIIIOYHO HA ITYXKHIH
TOMOT'€HHO-KaTaIITUYHIA niepeecTepudikaliii TPUTTILEPHIiB METaHOJIOM, a 0loAM3eNbHEe MaJUBO
MOBCIOIHO OTOTOXHIOETHCS 3 METWJIOBUMH €CTepaMH >KUPHHUX KHUCIOT. [IpoGmemi 3aminu
TOKCUYHOTO, €KOJIOTTYHO HEOE3MEeYHOTro Ta OIOHEBIIHOBIIOBAJIHLHOIO METAHONY Ha EKOJIOTTYHO
NPUWHATHIIIUN CHOUPT HPUCBIYCHO BEIMYE3HY KUIBKICTH poOiT. HalimpuBaOnuBimow 3aMiHOO
BUIVISIAIOTH OlOCIIUpPTH, MepeayciM eTaHon Ta OyraHon-1. 3alikaBieHICTh Y BHPOOHUIITBI
OCTaHHBOTO IMPOJIOBKYE 3pOCTATH, & TEXHOJIOTIT ()EPMEHTATUBHOTO CUHTE3Y — BJIOCKOHAIIOBATUCS
[5]. He 3Baxaroun Ha BeIMYE3HUH mepernik poOIiT 3 mpobieM eTaHonbHOI mepeectepudikarii
TPUDIINEPHIiB (HAaHTIOBHIIIE BUCBITIACHHS B omiisgAax [6-8]), BaKKO 3HAWTH JOCTOBIpHI JaHi TIPO
MIPOMHCIIOBI TMOTY)KHOCTI BHpPOOHUIITBA ETHJIOBUX ecTepiB sK OiloamsenbHoro mnanusa. o
CTOCY€ThCS OYyTHJIOBHX €CTEpiB, TO BOHHM PO3IISAAAIOTHCS JIMIIE SIK MepCHEeKTHBHI B Lii poui [9-
11]. Tomy metoto naHoi poGOTH Oy10 MPOBEAECHHS MOTOPHHUX CTE€HJI0BUX BUIIPOOYBaHb OyTHIIOBUX
ecTepiB K OIOKOMITIOHEHTY aJbTePHATHUBHUX MAJIMUB ISl TU3EIbHUX ABUTYHIB Ta iX MOPIBHIHHA 3
€TUJIOBUMH €CTEepaMH B Lii poi.

Ectepn >KMpPHMX KHUCJIOT OJEp’KYBalM TOMOTCHHO-KATAIITUYHOIO HepeecTepudikaliero
HepadiHOBAHOT COHSIIHUKOBOI OJIii €TaHoJIoM Ta OyTaHOJIOM-1 3a y4yacTi Jy)KHOTO Karaiizatopa.
Kucnorue uncno omnii cranosmino 1,2 mr KOH/r onii (61u3pko 0,6 % BUIBHUX )KHPHUX KHCIOT B
NepepaxyHKy Ha oJeiHoBy). Ouis MiCTHIa NAJbMITHHOBY, OJIETHOBY, JIIHOJEBY Ta JIIHOJEHOBY
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KHCJIOTH Y KUTbKocTi 6,0, 51,9, 33,1 Ta 8,0 % BiAMOBIIHO MO BIAHOMICHHIO JI0 CYMHU BCIX KUPHUX
kucnot (pewrta 1 % — *KUpHI KUCTIOTH 3 YUCIIOM aTOMIB Byrelto ounbiie 20).

JIykHWI KaTalizaTop TOTYBaJM Yy BHIVISAI QJKOTOJSTBMICHOTO CIIMPTOBOTO KOHIIEHTPATY
LUISIXOM PO3YMHEHHS TIAPOKCUAY Kallilo y BIANOBIAHOMY CHHMPTI Ta HACTYMHOTO BUIAJIEHHS BOAU
3 pO3YMHY 3a CHEIIaIbHOI0 MPoIeayporo. [Ipy 1boMy BUKOPHUCTOBYBAIU O€3BOIHI CTUPTH, BOJA K
y cyMminn mpuBHOCHIacs 3 BuxigHuM peareHtom KOH (4.m.a.) Ta B pe3ynbrari peakiiid yTBOpeHHS
QJIKOTOJIATIB. Y BHIAAKy OyTaHOTy-1 mporenypa OCYIIKH IMOJisArajia y BIATOHIN TeTepOreHHOTO
BOJIHO-OYTaHOJILHOTO a3€0TPOIly 3a METOAMKOI, omucaHolo B [12]. Bupanenns Bosoru 3
€TAaHOJFHOTO PO3YMHY TIIPOKCHIY Kajito 3/ilcHIoBamu B amapari CokcieTa Ha MOJICKYISPHHX
cutax 3A.

CunTe3u ectepiB Benu 0e3 MMIrpiBy peakiiifHOl CyMilli 32 TeMIepaTypyd HaBKOJIHUIIHBOTO
cepenosuiia 20-22 °C Brpoosxk 30 XB 3 nmepeMinryBaHHsM 31 mBUAKICTIO 500 00./xB. Y BUTIAAKY
€TaHOJIbHOT nepeecTeprdikallii BUKOPHUCTOBYBAIM HE3HAYHUN HAUTMIIOK crupty (1,5 Mok moHax
CTEXIOMETPUYHE CITIBBIIHOIICHHS CIUPT : ONisA), a OyTaHOJIbHY mepeecTepudikallito Bemu 3a
CTEXIOMETPUYHOTO CHIBBIAHOIICHHS peareHTiB. OpepikaHi MPOIYKTH 3JIMBAIM B €MHOCTI IS
BIJICTOIOBAaHHSI, J€ BiAOyBalloCsS CaMOYMHHE pPO3IIApyBaHHS MPOJYKTIB TepeecTrepudikailii Ha
€CTepOBHH Ta IIILEPUHOBHH MIApH. 3 €CTEPOBUX MIAPIB BIIIyYaTd HAUIUIIKOBUI CIUPT HUIIXOM
yIaproBaHHS iX 32 KIMHATHOT TEMIIEpaTypy y BIIKPUTUX MOCYMHAX 3 BEIUKOIO TUIOIICIO A3epKaa
pinmau. Hanmami mpomyKTH TpUpa3oBO MPOMHUBAIN HEBEJIUKOIO KUIBKICTIO JMCTHUIIHOBAHOI BOJH
(2-2,5 % 3a Macor) Uis BUIYYCHHS 3aJMIIKIB JTY)KHOTO Karajizatopa. OmepKaHuil MPOIyKT
eTaHoJpHOI nepeectepudikaiii (3pazox EEC) mictuB 61mu3pko 93 % eTUIoBHX ecTepiB; MPOAYKT
OyraHonbpHOI nepeectepudikanii (3pazox BEC) BUSBUBCS MEHII YMCTHUM Ta BMIL[yBaB OJIM3BKO
91 % 6yrunosux ecrepis. 3pasku EEC ta BEC mamu rycrumy 0,881 ta 0,877 r/em’ Ta
KiHeMaTHuHy B’s3KicTh 3a 40 °C 4,96 ta 5,85 MM’/ BimmoBimHo. Bchoro 6Gymno ofepkaHo o
25 nm’ 3paskis EEC ta BEC.

JUist MOCIHiPKEHHST €HeProeKOIOTTYHUX XapaKTePUCTUK POOOTH AM3EIBHOrO JBUTYHA OyIio
MIPUTOTOBAHO JBi cepii CyMIIIeBUX MajuBa 13 00’€MHUM BMICTOM €THJIOBHX Ta OYTHJIIOBUX €CTEpiB
o 20, 50 ta 80 %. MiHepalbHOIO CKJIaJI0OBOIO CIYT'yBaso JiTHE aAu3enbHe nanuso JI1-JI-€Bpo-4-
BO 3rigno 3 ACTY 7866:2015. MoTtopHi BUIpoOyBaHHS IPOBOJIMIIN Ha CTEH/I, SKUH CKIala€ThCs
3 agpuryHa VW 1,9TDI ALH 3 TypOoHagayBOM Ta €IEKTPOHHUM KEPyBaHHSM MaJIMBHOTO HACOCY
BHCOKOTO THCKY (poGoumii 06’em gBuryHa — 1,896 aM°; HOMiHaTbHA e(peKTHBHA MOTYXKHICT 32
n = 3750 x8" — 66 xBrt;), enexrpobanancupHoi Mamuau BM Ttimy DS 742-4/N Ta 3aco6is
BUMIPIOBAJIbHOT TEXHIKH.

[Iporpamoro OCHIHKEHb JJs KOKHOT TAJIMBHOI KOMIIO3MINI Ta YHUCTOTO AMU3MalIMBa
nepeadayanocs NpoBeACHHS MOTOPHOTO €KCIIEPUMEHTY B OJHOMY HaBaHTAXXYBAIbHOMY PEKUMI 3
OTPHMAHHSM XapaKTEePHCTHKM MAKCHMATbHOIO KPYTHOTO MOMEHTY JABHMTYHA 3a n = 1900 xB™.
Takuii pexuM HaBaHTaXEHHsS 03BOJIE€ OTPUMATH JTOCUTH iH(GOpPMATHUBHI pe3ylIbTaTH 3a MOpi-
BHSIHO HE3HAYHMX BUTPAT MaJbHOIO. Jl0 €eHepreTHUHUX KPUTEPIiB, 10 XapaKTEePU3YIOTh €(EeKTHUB-
HICTb POOOTH JBUIYHA, HaJIEXKaTh IMOKa3HUKHU KPYTHOTO MOMEHTY My, €(EKTHBHOI MOTYXKHOCTI
N., edexruBHoro koedimienty kopuctoi aii (KK) ne Ta nutomoi e(peKTUBHOT BUTPATH MaIuBa Ze.
Sk exonoriyHi KpuTepii BU3HA4YaNu BMIcT y BuxjomnHux razax CO,;, CO, NOx Ta HemomaleHux
ByrieBoAHiB CH. Pe3synbraru CTEHIOBUX MOTOPHUX BHUIpPOOyBaHb MpPEICTaBICHO Ha puc. |
(eHepreTHUH1 XapaKTEPUCTUKU) Ta pHUC. 2 (EKOJIOTIUHI XapaKTepucTUKH). Touku Ha rpadikax 3
HYJIBOBUM BMICTOM O10KOMIIOHEHTA BIANOBIAI0Th YUCTOMY JU3EIbHOMY IAJIUBY.
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A Cymili HahTOBOMO AM3NANMEA Ta ETUNOBMX ECTEDIB MUPHUX KWCNOT

—— Cymiwi HachToBOro AM3Inanvea Ta GyTUNOBMX eCTepiB MUPHWX KMCnoT
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-l Cymiwi HadhTosoro AU3Nan1ea Ta eTUNOBWX ECTERIB MMPHMX KMCNOT

—— Cymiwi HadTosoro guananvea 1a DyTUNOBUX CTERIE XHPHUX KWCNOT

Puc. 2. 3mina exonoziunux xapakmepucmux pobomu ousenvrozo dguzyna VW 1,97DI ALH
(6micm 6 suxnonnux eazax: a — CO, , 6 — CO, 6 — NOy, & — nedonanenux syeneeoonesux (ppazmenmic CH)
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3a MOKa3HUKaMHU KPYTHOTO MOMEHTY Ta €(peKTUBHOI MOTYKHOCTI IBUT'YHA CYMIIII1 HA OCHOBI
eTWJIOBUX Ta OYyTHJIOBUX €CTEpIB NPAaKTUYHO HE BUIPI3HAIOTBCA MDK c00010. 3 pocToM
KOHLeHTpauii 6iokoMnoHeHTa 10 80 % My, Ta N. 3HHKYIOTbCS Ty)K€ HECYTTEBO — BChOTO JIMIIIE
Ha 2,1 %. [lagiHHs IMX €eHEepPreTUYHUX XapaKTePUCTUK MOB’SI3aHO 3 HWKUYOIO TEIUIOTOIO 3rOpaHHs
€CTepiB JKUPHUX KHUCIOT MOPIBHSAHO 3 HahTOBUM Au3nasiiBoM (39,49 140,15 MJx/Kr ajis 3pa3kiB
EEC ta BEC 3a manmmu xamopumetpii npotu 42,50 M/Dx/kr mist musnanusa). Lle 3ymoBieHO
HasBHICTIO OKCUTEHY B MOJICKYJIaX €CTepiB: B OYTHJIOBHX €CT€pax MOT0 BMICT € JEII0 HIKYUM.
Jlenp BimYyTHINIE TpPHU TEPEXOJi BiA YUCTOTO IU3NanMBa 10 cymimi i3 Bmictom 80 %
OiokommioenTa cnagae edexruBamii KK/ nBuryna. 3a nuM Moka3HWKOM ITAJTUBHI KOMITO3UIIIT Ha
OCHOBI OyTHJIOBUX €CTEpIB BUIIIAIAIOTH JCI0 KPAIlUMU: T {iHHSI CTAHOBUTH 3 % MOPIBHSHO 3 3,6
% y BUNAJKY €TUJIOBHUX ectepiB. [[amiHHS 1. MOXe OyTH IMOB’S3aHO 3 JCIIO0 HUKYOIO MIBUIKICTIO
3TOpsIHHA  OIOTIaJMBOIOBITPSHOI CyMIllli 32 OJHAKOBOTO KyTa BHIIEPEPKEHHS BIOPCKYBaHHS
nanua. OgHak Taki noripmenns edexruBHoro KK/ € Bkpaif HecyTTeBUMHU.

Binbim BiguyTHO 3 POCTOM BMICTY €CTEpiB 3MIHIOETHCS TMOKA3HUK MUTOMOI €(pEeKTUBHOT
BUTpATH MajuBa ge. 11 000X BapiaHTIB MAIMBHUX KOMITO3UIIIN BiH 3pOCTAE, IO BKA3ye HA HIKUY
€HEepPreTHUHY €MHICTh 000X 0I0KOMITOHETIB OPIBHAHO 3 JU3NATUBOM. [ cymilieit 0CTaHHBOTO 3
STHJIOBUMH €CTepaMH HOro MakCHMalbHE 3pOCTaHHsS CTAHOBHUTH 9,5 %, a y BUMAAKy OyTHIIOBUX
ecrepiB — 7,1 %. Bim3Haummo, 1m0 y pasi mepepaxyHKy I[bOTO MOKa3HHWKA 3 OJWHUIL MAacH Ha
OMMHHULII 00’e€My 3pocTaHHs Oyne 3HaYHO MEHII BHPAXKEHUM, a JiIs OyTHJIOBHX €cTepiB —
MPAKTUYHO HEBIYYTHUM.

3a BciMa €KOJIOTTYHMUMHM TMOKa3HUKaMH CyMillli HA OCHOBI OyTHMJIOBUX €CTEpIB JIeAb BITYYTHO
MePeBaXaloTh CyMIlIi Ha OCHOBI €TWJIOBMX. B cBoro dyepry OiomaquBHI KOMITO3UINi 3HAYHO
MePEeBEPIIYIOTh HAPTOBE AM3EIbHE MATNBO — IIKIUTUB1 BUKHUIA 3aKOHOMIPHO CIIAJIAl0Th 3 POCTOM
KOHIIGHTpAIlli eCTepiB y CyMIlIaX, IO 3arajioM MOBTOPIOE TEHACHIIIi, M0 CIOCTEpIiraaucs B
MOTIEPEIHIX MOTOPHUX BUMPOOYBaHHSIX eTHJIOBUX ecTepiB [13-14]. 3a BMicTy OiOKOMIIOHEHTA
80 % cmocrepiraetbest BimHOCHE 3HMKeHHs BUkuaiB CO Ha 67-70 %, NOx — Ha 16,6-17,6 %,
CH — na 87-95 %, CO, — na 18,2-19,1 %. BaxmuBum € dakr Hmkunx Bukunis CO, mis cymimeit
OyTHJIOBUX €CTEpiB 3 AM3MAJUBOM IMOPIBHSAHO 3 CYMIIIEBUMH MMaJIMBaMU Ha OCHOBI €THJIOBUX
€CTepiB 32 YMOBH HaBITh JEII0 KPAIINX CHEPIeHTUYHUX MOKA3HUKIB MEPIINX.

Takum umHOM, IpOBENEHI MOTOPHI BUIIPOOYBaHHS OYTHJIOBHX €CTEpPIB SIK OIOKOMIIOHEHTY
QIBTEPHATUBHUX TAIMB JUTsl JAU3EIIbHUX JIBUTYHIB, OyIydd YHIKQIBHHUMH B CBITOBIA IOCTiIHIN
MPAKTUIl, CBIIYATh PO MOXIIUBICTh BUKOPUCTAHHS OyTHIIOBUX €CTEPIB AK CKJIAJOBOT CyMIlIEBUX
6ionanus.
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KOKCOYTBOPEHHSA HA KATAJII3BATOPAX
3 JESAKTUBOBAHOIO 30BHIITHBOIO ITOBEPXHEIO

Onekcanopa Ilepmko, IOnis Bonowuna, /lroooe Iampunsax
Incmumym 6ioopeaniunoi ximii ma nagpmoximii HAH Yxpainu,
eyn. Mypmancoka, 1, Kuis, 02660, Vkpaina, 0.pertko@gmail.com

Peaxiisi ankiTyBaHHS TOJYOJy METAHOJIOM Yy OiuHUME smaHIor [1] € mikaBoOwO 3 TOYKH 30py
CTBOPEHHSI QJIBTEPHATUBHOTO ICHYFOUOMY OJHOCTQIIHHOTO TMPOIECY OJCpXKAHHS I[IHHHX
MPOAYKTIB CydacHOi HAPTOXIMIYHOT MPOMHCIIOBOCTI — CTHpPOJy W erwnOeHszony. Ha muoisxy
peanizarii [bOTO 3aJyMy Ha TBEPIUX IICOJITHUX KaTalli3aTopax CTOITh X HU3bKa CEIICKTUBHICTH
I0JI0 UTHOBUX MPOJYKTIB, 0OYMOBIIEHA, Y TOMY YHCIIi, TIepeOiroM moOIdHO1 peaKIlii aiKiTyBaHHS
TOJYOJIy B apOMaTH4YHE KiIbIIE.

JUJIss TABWINEHHS CEJEKTHBHOCTI KaTalli3aTOpiB METWIYBaHHS TOJIYOJIy JO CTHUPOJY Ta
eTHII0EH30JTy 3alpONOHOBAHO MOAM(DIKYBaHHS CKIIAQAY X HEOJITHOTO Kapkacy [2, 3]. 3HaiineHo
eeKTBHMN CHoci0 Takoro Moau(ikyBaHHS 3 BHUKOPHUCTAHHSM PpO3UMHY TeKCapTOPCUITIKATY
aMOHII0, BHACJIIOK YOTO MPUTHIYYETHCS AJKUTYBAaHHS TOJYOJy B apOMATHYHE SIPO 32 PaxXyHOK
3HIKCHHSI KOHIIEHTpalii MOTpiOHMX A 1boro [4] akTHBHUX LEHTPIB — KHUCJIOTHHX LIEHTPIB
JIsroica.

Pa3zom 3 TuM, Taki neanrominyrodi areHtu, sk (NHy),SiFs 1, 3a meBHux ymoB, SiCly, 4nHATH
JI0 TEepeBaXKHO Ha 30BHILNIHIM MMOBEPXHI WEOJITHUX MIKpOKpUCTaliB [5-7], mo Bexme [0
no30aBieHHs ii aKTMBHMX ILIEHTPIB, a OTXKE MOXE CIYryBaTH 3alO0ODKHUKOM YTBOPEHHS Tam
BYIVICIICBUX Bi/JIKJIaJICHb 1 HAKOMWYCHHS 1X HAa BXOJAaX JIO0 ICONITHUX MOPOXKHHH, aJKe PEaKIlis y
TAKOMY BHIIJKy TEPEBOJUTHCSA Y BHYTPIIIHIA MPOCTIP MIKPOKpPUCTAIB. Y I[bOMY 3B'SI3KY CIiX
BIJIMITUTH, 110 KOKCOYTBOPEHHS, MPUHANMHI Ha KHUCJIOTHHX II€0JIITaX, € OCHOBHOIO NMPUYHUHOIO
BTpATH Karaji3aTopaMHU CBO€i aKTHBHOCTI, 10 OCOOJIMBO IMPOSBIAETHCS Y PEaKIii KPEeKiHTY, sKa
i1e came 3a y4yacTIO KHCJIOTHHX IIEHTPIB 3 YTBOPEHHSM BEJMKOI KUIBKOCTI HEHACHUEHHX
BYIVIEBOJAHEBUX MOJIEKyMN. J[s kaTanizaTopiB OCHOBHOTO THILY JI€3aKTHBAIlisl B IpoLeci poOoTu €
MaJIOZI0 CIIKEHOO.

Mertoro naHoi poOoTH Oylo BHSBICHHS MOXIJIMBOTO YTBOPEHHS BYIVICILIEBHX BiJKJIa/JeHb B
KaTanizaTopax OCHOBHOTO THIy Ha MPHKJIAJl KaTali3aTopiB METHIYBaHHS TOJYOIy B O1YHMIA
JAHIIOT, a TaKoX TMOCIIAOBHOCTI CTajiii WOro [e3aKTHWBAallli y MOPIBHSHHI 3 TaKUMHU IS
KaTanizaTopiB KpeKkiHry neHreny-1. J{is nporo BuB4amyM karanizatopu sk 3 aktuBHOW (KA, KK),
TakK 1 3 Ie3aKTUBOBaHOIO NoBepxHero kpuctaiiB (D-KA, D-KK).

3pa3ku cuHTe3yBau Ha 0cHOBI 1eouitiB NaX, SiO,/AlLOs = 2,3 (karanizatopu ankiTyBaHHS
Tomyony metaHojoM B Oiunmil manmor KA i1 D-KA) i NaY, SiO,/ALOs; = 4,7 (karamizatopu
kpekinry nenreny-1 KK i D-KK), AT “Cop6ent”, Hwxniii Hosropoa, P®. Ilepmmii neosir
BUKOPUCTOBYBAJIM y Lie3i€Bii (opMmi i3 HaHECEHUM Ie3ieM, a APYyruil — y BOJAHEBIH (opmi.
JlezakTuBalli0 MOBEPXHi 3AIMCHIOBAIH Mepe] I0HHUMU 0OMiHaMu 3 BukopucTanHsM (NH4),SiFe i
SiCly BinnmoBiznHO.

Jlnst onepaHHA 11€31€BOT ()OPMH IIEOTITY 13 HAHECEHUM I1€31€M 3aCTOCOBYBAIIU JIBOPA30BUIl
ionHuit 06MiH 3 1 M pozunny CsNO;3 (85 °C, 3 rop, cniBBinHomeHHs (a3 TBepaa : pinka (T : P)
1:10) i mpocouyBaHHsI 3a BOJIOTOEMHICTIO PO3YMHOM HITPATy LE31I0 y MOJBHIA KUIBKOCTI,
exBiBaieHTHIH 10 % ioHOOOMIHHOI emHOCTi. BoaHeBy ¢dopmy oTpumyBanmu OJHOPa30BUM
OOMIHOM KaTiOHIB HAaTPil0 BUXITHOTO IIEONITYy Ha KaTioHM aMmoHio 13 3M pozunny NHsNO3
(85°C,3rom, T: P 1:10)3 HacTynHUM HpoxKapIOBaHHAM yIpoAoBx 3 roa mpu 600 °C.
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AJKiUTYBaHHS TOJTYOJy METaHOJIOM (MOJIbHE CIIBBIIHOIICHHS Y CYMIIIl — 2) peasi3yBaju 3a
IPOTOYHHIX YMOB: MIBHAKICTH Moadi peakmiittoi cyminri (WHSV) 1 rox ', Temmeparypa 425 °C,
TUCK arMocdepHuii. Pigki mpoOM TPOMYKTIB aHami3yBald Ha Tra3oBoMy Xxpomarorpadi
Agilent 7890A 3 BUKOPUCTAHHSM TIOJIYMEHEBO-IOHI3alIfHOTO AETEKTOpa 1 KBapIOBOI KaMUIIPHOL
kosionk DB-PETRO (128-1056).

L{iTbOBUMH TIPOAYKTaMHU peakilii € cTupost i eTrnoeH30s. KpiM HUX y pIAKHX MPOIyKTaxX
¢ixcyBanmu 10 3 % MoiI. OEH30.Ty, a TAaKOK HANPHKIHII poboTH Karanizatopa KA 3'ssuock ~1,5 %
MOJI. KCHJIOJIB.

Kpexiar mnenreny-1 Bemm mnpu armocheprnomy Ttucky 1 Ttemmeparypi 500 °C y
MIKpPOIMITYIIbCHOMY PEXHMI I0/1adi peareHTa. YIOBIeHI MPOIyKTH MEPETBOPEHHS aHATi3yBaIN Ha
xpomarorpadi [[Ber-104 3 BHUKOpHUCTAHHSM IOJIYMEHEBO-IOHI3AIIMHOTO JETEeKTOpa 1 MIiTHOL
KarJIIpHOiT KOJIOHKH 3 HepyXxoMoro (a3zoro CkBanan qoBxuHOIO 50 M i1 miamerpom 0,20 Mm.

[Mponykramu kpekinry Oymu BymieBoaHi C;-Ci, pa3oMm 3 SIKHMU YTBOPIOBAUCH yuc- 1
MpaHc-130MEepH TMEHTEeHY-2, 10 CBIAYUTH NMPO MapalelbHHUi mepedir peakuii i3omepusarii, a
Takok 10 5 % Mac. mpoayKTiB oyiroMmepusailii meHreny. KilbKicTh OCTaHHIX 3MEHINYBAJIach B
Mipy 30UTBIIIEHHS KUTBKOCT1 MEPETBOPEHOTO PearcHTa.

Puc. 1 nmemoHCTpye 3aJIeKHOCTI KOHBEpCii W aKTHBHOCTI JOCTIDKEHUX KaTali3aTopiB y
HampsiMi YTBOPEHHsI LUTbOBUX MPOAYKTIB BIAMOBITHUX peakliii Bif KUIBKOCTI MPOMYIIEHUX
pearentiB. Hacammnepen, ciin BiIMITHTH, 10 KpUBI KOHBEPCil A1 000X KaTalizaTopiB KPEKiHTY €
Maibke mapane’lbHUMHU Oci abcuuc (He BpPaXOBYIOUH X JICHIO KOJIHMBAJIBHOTO XapakTepy), TOAL SK
KPHUBI BUXOJIIB LIUTLOBHUX MPOAYKTIB BKA3yIOTh HA 3HAYHY BTpATy HUMU KPEKIHTOBO1 aKTUBHOCTI B
nporieci podotu. [Ipudomy, Ha 3pasky KK 1ie BinOyBaeThcsi 3HaYHO MBUALIE, HDK Ha 3pa3ky D-KK.

OueBUIHO, YTBOPEHHS KOKCOBHMX CIIOJYK Ha 3O0BHIIIHIA MOBEPXHI MIKPOKPHCTAIIB HE
BiJlirpae BU3HAYAIBHOI POJIi B Ie3aKTUBAIlil KaTai3aTopiB Ii€l peakiii. Brpata HUIMM KpeKiHTOBO1
aKTMBHOCTI BiOYBA€TbCs BHACTINOK 130JIALi1 AKTUBHUX LEHTPIB, IO BEAYTh KPEKIHT,
MPEKypcopaMu KOKCOBHUX MOJIEKYN. JlocTym e 10 130Mepu3ylouuX LEHTPIB 3alUIIAEThCS
BUIBHUM. YTIOBUIbHEHHS Jie3akTuBallii karanizatopa D-KK B peaxiiii KpeKiHT'y MOXHA MOSCHUTH
3MEHIICHHSM Y HbOMY KOHIIGHTpalii aKTMBHHMX LIEHTPIB BHACTIIOK JICATIOMIHYBAaHHS, IO
YCKJIAQIHIOE PO3POCTAHHS KOKCOBUX MOJIEKYJ JIO CTaHY, KOJIM KOKC 130JII0€ YK€ HE OKpeMi LIeHTPH,
a 1Tl AUTTHKYA BCEPEHHI LIEOITHUX MOPOKHHH.

Ha 3pasky KA 3HMKEHHS KOHBEpCii TOJIYOdy B Mipy 30UIbLICHHS KUIBKOCTI HMPOMYIEHUX
peareHTiB CYNpPOBOJKYETHCS Il OUTBII BUPAKEHUM 3HUKEHHSIM BUXOJY IUIBOBUX IMPOAYKTIB.
Le#t ¢dakT cBiAUUTH MpO Te, IO TOIYOJ 3AJIMIIAETHCA Ha Karaji3aropi, KMOBIPHO, Y BHIVIAIL
MpPeKypcopiB  Kokcy. Jle3akTuBallisi 30BHINIHBOI TOBEpXHI KpucCTamiB Kartamizatopa D-KA
cTaluni3ye HOro akTHUBHICTh — Ha LIbOMY 3pa3Ky CIOCTEpIraeThCsl HaBIiTh JA€sAKe il 3pOCTaHHS,
JIEMOHCTPYIOUM TPOTWICKHUNA e(deKT, HDK y BHUMNAJIKy Karamizaropa KpekiHry. B peaxmii
QJIKUTyBaHHS BIJKJIaJJaHHS KOKCY Ha 30BHIIIHINA MOBEPXHI KPUCTAJIIB KaTallizaTtopa 3 OJOKyBaHHSIM
BXOJIIB /IO BHYTPIIIHBOTO MTPOCTOPY 3 PO3TALIOBAHUM TaM MacHBOM aKTHBHHUX LIEHTPIB IEepeBaxae
3a 3HAYCHHSM 130JIALII0 KOXKHOTO OKPEMOTro LIEHTpa BYIVIELIEBUMH BiJKJIaJJCHHAMHU "TOJIyOJIbHOTO"
MOXOJUKEHHSI YU OTPYEHHS iX MPOMDKHUMH CHONYKaMH-IIPOAYKTaMU TEPETBOPEHHS METaHOY.
Teopernuno, 1i mpolecHu MOXYTh BifOyBaTHCA NapaieiabHO, aje CTaOUIbHICTE poOOTH
katanizatopa D-KA 3anepeuye Take NpumyIieHHs.
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KinbKicTb mpomyiueHoro pearenta, r/r
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o

Puc. 1. 3anescnocmi kongepcii (a) i 6uxody yinbosux npoodykmis ()
610 KinbKoCmi nponywenux peazenmis o kamanizamopis 3 akmuernoro (KK, KA)
i 3 desaxmusosanor (D-KK, D-KA) nosepxuero

Crenudika peakiii aKUTyBaHHS TOJTYOJy METaHOJIOM B METWJIBHY TPYILy HOJISTAE B TOMY, IO
BOHAa BUMarae Juisi CBOTO Mepediry CKJIQJAHOTO AKTUBHOTO LIEHTPa, SKHH IMO€AHYE OCHOBHHH 1
KUCIOTHUI 1eHTp JIbroica 1 Mae OyTu po3TarioBaHHil BCepeMH1 LEOTITHOT TOPH MEeBHOT KOHGIrypartii
[8]. OTxe, MH MOXKEMO 3 BHUCOKOIO BIPOTIIHICTIO BITHECTH JI€3aKTHUBAIIF0 OCHOBHOTO KaTali3aropa
METUITYBaHHS TOJIYOJTy Ha paxyHOK MOOIYHMX peakiliii MepeTBOPEHHS TONIYOIly, YOMY CHpHs€ HOro
HAJUTUILIOK Y PeakLiifHii cymimi. Mo)kKHa MPUITYCTUTH TAKOXK, 110 TaKi IEPEeTBOPEHHS B110yBaOTHCS 3
0O0OB'SI3KOBUM 3aJTyYEHHSIM KHUCJIOTHOTO IIEHTPA, OCKUIBKH aCOPOLIis MOJIEKYIU TOIYOJIy BUKIIFOUHO
Ha OCHOBHOMY LIEHTp1 € €HEpPreTUYHO HEBUTIIHOI — €Hepris Toiyoly y BiUibHOMY (-1022,5 eV) i B
ancopboBanomy (-1023,0 eV) cranax maibxe onHakosa [8].
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Jliis miaTBepKEHHS "TOIYOJIbHOT" IPUPOAN YTBOPEHOTO B peaKilii aIkTyBaHHs KOKCY HOTro
eKCTparyBajid 13 BIAIPaIlbOBAHOTO KaTajizaropa auxjopmeTraHoM B amapari Cokciera mnpu
temmeparypi 80 °C. Xpomarorpadiuauii anamiz excrpakry (Agilent 7890A, DB-PETRO (128-
1056), moixymeHeBO-I0HI3aIIIIHUI J1€TEeKTOp) MOKa3aB HASBHICTb Y HbOMY DSy apOMaTUYHUX
CTIOJIYK, TaKHUX SK, HAPHUKIAJ, TeTpaMeTUIOeH301H, HadTanin, MeTuaHadTaTiHN Ta iHII, OUTBII
CKOH/ICHCOBAaHI CTPYKTypu. Ha mpHCyTHICTH iX y pO34MHI TakoX Bkazye [Y-crekTp eKcTpakTy
(puc. 2), SKuii MICTUTh CMYTH TIOTIMHAHHS, BitHeceH1 [9, 10] mo momiapomaruky.
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Puc. 2. Cnexmpu (I4 cnexkmpogomomemp 3 @yp'e nepemeopennsm Shimadzu IR Affiniti-1s)
PO3UUHY eKempazoeano2o Kokcy (cyyinbha ninis) ma pozuunnura (RyHKmup)

OTxe BCTAHOBIIEHO, MO0 MOJU(IKYBAaHHS TeKca(pTOPCHIIIKATOM aMOHII0 IEOJITHOTO
KaTaJizaTopa METHIIYBAHHS TOJYOILY, OKPIM ITIIBUIIEHHS CEJIEKTUBHOCTI AJIKUTyBaHHS 10 CTUPOITY
i erwnOeH301y, CHpusie TakoX CTaOUIBbHIMIIA poOOTI KaTajizaTopa BHACHIOK 3amoOiraHHS
YTBOPEHHIO KOKCY Ha IM030aBJeHi aKTMBHMX IIEHTPIB 30BHIIIHIA MOBEpXHI KaTalizatopa.
JlezakTHBallisl 30BHIIIHBOI IMOBEPXHI Karajizaropa KpEeKIHI'Y € MEHII BH3HAYaJIbHOIO JUIA
30epekeHHSI HOTO KPEKIHTOBOi aKTHMBHOCTI, OCKUIBKM KOKCOYTBOPEHHSI HAa HbOMY MOYHHAETHCS
BCEPEHMHI HEOTITHUX MTOPOKHHH.

OcCHOBHY poJIb B JIe3aKTHBALII IICOTITHUX KaTaai3aToOPiB aIKUTYBaHHS TOJIYOIY METAHOJIOM Y
OlYHMI JaHLIOT BiIIrpae KOKC, YyTBOPEHHUH 3a y4acTiO BYIVIEBOAHEBHUX MOJIEKYI i3 3alTy4EeHHSIM
KHUCJIOTHHX IIEHTPIB KaTanizaropa.
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HIATOTOBKA HA®TH 10 TPAHCITIOPTYBAHHS 1 3BBEPITAHHSA
3 BUKOPUCTAHHAM METOAIB MATEMATUYHOI'O
MOAEJIOBAHHA

Kocmanmun 3amikyna, Onena Tepmuuina
JIBH3 «Vkpaincokuti 0epacagnuil XiMiKo-mexHOoN02IUHULL YHIGepCUmem»,
np. aeapina 8, /[ninpo, Yxpaina; ughtu@dicht.dp.ua

[Ipu TpancnopryBanHi i 30epiranHi HadTH, 0COOIMBO TIPU HU3BKHUX TEMIIEPaTypax, MOXYTb
BUHUKATH CEPHO3HI TPOOJIeMH dYepe3 HAKOTMYCHHS BIKIAQJIB HAa TOBEpPXHI OOJaJHAHHS, B
pesepByapax Ta TpybompoBoaax. Lle mpu3BOAMTH 10 BTpAT BYIIEBOAHEBOT CHPOBHHH, MOTIPIIYE
TEXHOJIOTIYHI MOKa3HUKN BUPOOHHUIITBA Ta EKOJIOTIYHUI CTaH HABKOJMIIHHOTO CEPEIOBHUIIIA.

VYTBOpeHHs o0caaiB OOyMOBIEHO (a30BUMH TIEPETBOPEHHSIMH CHUCTEM IPHUPOIHUX
napadiHOBUX BYIVIEBOAHIB. 3HAHHA 3aKOHOMipHOCTEeW (Pa3oBUMX TmepexoniB, BMIHHS iX
MPOrHO3YBaTH Ta aHANI3yBaTH JO3BOJHUTH HAONM3UTUCS 10 BUPIMICHHS MPOOIEMH YTBOPEHHS
HaTOBUX BIKIIAIIB.

@a30Bi MEpPETBOPEHHSI BYIVIEBOJHIB BH3HAYaNMd TEPMOJMHAMIYHUM METOIOM, SIKHI
aHaJi3y NMepeTBOPEHb CHEPrii B 1l CUCTEMI.

[TapadinoBi ByrieBOAHI, SKi € CKIaJ0BOIO BIIKIAIB, KPUCTANI3yIOThCs 3 HadTu 3a
TEMIIepaTyp HIDKYMX 3a TeMmIieparypy nomyTtHiHHS. [lpomec yrBopeHHs aucnepcHoi (asu y
Ha(TOBIN CHCTEMI MOXE OMHMCYBAaTHCS JCKUIbKOMa IMapaMeTpaMH: TEMIIEpaTypor0 MOMYTHIHHS,
TEMIIEPATYPOIO MOYATKY KPUCTATI3aIlii, TEeMIIepaTyporo MOYaTKy MacoBoi Kpucranizamii [1].

OcoOnuBIcTIO CyMillei TBEpAMX BYITIEBOAHIB, 110 BXOIATH 10 (pakuiid HadTH, € HAIBHICTh
nIBOX anmorpornHux (opMm. Moaudikallii, siki BIIMOBIIAIOTH UM AJIOTPONHUM (opMaM iCTOTHO
BIJIPI3HSAIOTHCSA OJHA BiJ OJHOI, SK 3a (PI3UYHUMHU BIACTHBOCTSIMH, TaK 1 3a KPUCTAJIYHOIO
cTpykryporo. OfHa 3 HUX — 37[aTHa iICHYBaTH MPH MIIBUIIEHUX TEMIepaTypax ax /10 TeMIIepaTypu
IUTaBJICHHA JaHoro mnapadiHy, iHIIAa € CTIHKOI0 MpH 3HIKEHHUX TeMIleparypax Maixke [0
TEMIEpATypH nepexony [2].

Mera pobotu — po3poOka MaremMaTudyHoi Mozesi (a3oBoi pIBHOBArd B CHUCTEMI piaMHAa-
TBepaa (paza i po3paxyHKy pIBHOBaXHOTO (Da30BOrO CKIAAy UYMUCTHX 3pa3KiB HapTH 1
MOJICIbHUX CyMIlIeld 13 JOJaBaHHSIM JENPECOPHUX MPHUCATOK POCIMHHOTO TOXO/DKEHHS Ta
BU3HAYEHHS TEMIIEpaTypu YTBOPEHHs LEHTpIB KpucTaiizamii mapadiny 3 HapTH. Pesymbratu
OLIIHIOBAJIMCH 32 KUIBKICTIO TBepaoi ¢a3u B 3pa3kax HapTU Ta 3pa3kax HaQTHU 13 J10JaBaHHAM
MIPUCAKY TP 3HIKEHHI TEMIIEPATypPH.

B sKkocTi gempecaHTa BUKOPUCTAIM IMPHCAIKY, sIKA € MOOIYHUM MPOIYKTOM HEepepoOKH
pocnunnux omni (IMIITPO) B mpoueci onepxkanHs OioguzensHoro mnanuBa [3,4]. I[lpucagka
CHHTE30BaHa B JaOOPAaTOPHUX YMOBAX IIJISIXOM DIILEPOIII3Yy pINakoBOi i PUIIMHOBOL OJIiil CKIamy
(% wmac.): pinakoBoi— 75-80% Ta pUIIMHOBOI — peInTa:

CH;—(CH,)s—"*CH(OH)-CH,—~CH=CH—(CH,),—O—CH,—~CH(OH)-CH,—O-C(O)R',R"
ne R, R', R" — pagukanu C;7Hs3; Ci7H31; Ci7Ha9 Oynb-axoi komOiHaIii.

Temnepatypy yTBOpEHHs LIEHTpPIB KpHcTaii3allii napadiniB po3paxoByBaiu i 16 3pa3kiB
HapTH YKpPaTHCHKOTO Ta Ka3aXChKOTO MOXOJDKEHHS B YHCTOMY BHUIIAL, a TaKOX INpPH J0JaBaHHI
0,09% nenpecopHoi npucaaku. ExcriepuMeHTanbHO JENpecopHy Mi0 BUIpoOyBaau Ha 5 3 16
3paskax HadTH. IXHA XapaKTepUCTHKA 3a CKIAJOM OCaJ0yTBOPIOIOYMX KOMIOHEHTIB HaBeleHa B
Tabnauui. BuxigHumu nanumu A noOyIoBH MaTeMaTH4HOI Mozesi oOpaHo (pakiiiHuil ckiaja
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HaTH 3 HACTYIHUM PO3PaxXyHKOM KOHCTAHT (ha3HOi pIBHOBArw BYITICBOJHEBOI CHCTEMH ISt

FL(S) ulc)— uf )

Jlnist OUIBII SIKICHOTO OTHCY MapaMeTpy PO3YMHHOCTI KOMITOHEHTIB [0 BHPa3y KOHCTAHTH
PIBHOBArv BBOAWIN J0JIATKOBUI MHOKHHK:

S
_ yl( ) . fi(S)
i — yi(L) @a
e yi(s) Ta yi(L) — Koe(IIIEHTH aKTUBHOCTI [-TO KOMIIOHEHTY Y TBEp/id Ta pinKkiid ¢azax BiIIOBIIHO

[5].

BigHomennst  ¢yrituBHOCTEH  BH3HA4YadM i3 3arajbHUX  YABJICHb  MOJEKYISPHOT
TEpMOJMHAMIKK 3a piBHAHHAM Kraiinepona-Kiaysiyca, ske 3 ypaxyBaHHSM ICHYBaHHS JBOX
IOTPOTHUX (POPM KpHCTaTIB Hapa(piHy IpUMano BU:

& ant T 1 1/ T/ ACy;
In (5)— [1——] [—ﬁ] — [t ACLdT + f =& dT,

ne 4hi' — HI/ITOMa CHTAJIBIIS AOTPOITHOTO TIEPETBOPEHHS i-T0 KomrioHenTa, Jlk/kr; Ah — maToma
eHTaIbMIS (JA3HOTO IIEPEXOAy i-ro KoMmoHeHTa, Jk/kr; Ti — TeMmmeparypa aIOTPOITHOTO
IepEeTBOPEHHS i-T0 KoMmIoHeHTa, K; Ti — Temmeparypa ()asHOTO Imepexoy i-ro KOMIOHEHTa, K;
ACpi — 3MiHa TEMIOEMHOCTI IIpHU (pasHOMY nepexoi i-ro koMnoHeHty, JLx/(kr-K).

[TuToma eHTaubIis (ha3HOTO MIEPEXO.Ty BYIIICBOIHIB!

AR = — 20931633 - M,

ne M; — MoJisipHa Maca KOMIIOHEHTA, T/MOJIb.

JUisi OIIHKM TeMIlepaTypd aJOTPOIHOTO TIEPETBOPEHHS BUKOPHCTOBYBAJIM HACTYIHI
PIBHSHHS:

Jlnist HeTapHUX BYIVIEBOJHIB 13 KUTBKICTIO aTOMiB KapOoHYy Bijx 7 110 49

T! =0,0039nC? — 0,425nC? + 17,28nC; + 93,1,
Ah! = 39805 — 6180,1nC; + 347,9nC? — 4,96nC} .
Jlnist mapHUX BYIJIEBOJIHIB 13 KUIBKICTIO aTOMIB KapOoHy Bif 6 10 50
T! =0,0032nC? — 0,325nC? + 12,78nC; + 157,2,
Aht 44019,6 — 6181,7nC; + 348,7nC? — 4,96nC? ,
ne NCj — KUIbKICTh aTOMIB KapOOHY B i-MY KOMIIOHEHTI.
AC,; = 0,3033M; — 4,635 - 107*M,;T
PizHu1io mossipHux 00’eMiB pinkoi Ta TBeproi (ha3 MOKHA BUPA3UTH K
Avi = 4,075 . 10_3Mi

BinnomienHss koe]ili€eHTIB aKTHBHOCTI piakoi Ta TBepaoi ¢a3 po3paxoBYeThCs 3a

KOPEJISIIE0, 3aPOTIOHOBAHOIO B p060Ti Bona

_ olpHGn-s0i-(6m-503)]
Vi
ne §; — mapaMeTp PO3UYMHHOCTI i-TO KOMIIOHEHTY, SIKHH pO3paxoBYEThCs 3a Kopensiieto [letepcena
57 = 8,5+ 5,763(InnC; —In7),
8t =741+ 0,5914(InnC; — In7),

= Z 6,9,
V'xi

PY; =

V'

= z Vixir
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[Tutomuii 06’em pinkoi ¢azu po3paxoByBasiM 3a Kopesiieto Yanra [6]:
vl =38-1073M7%
Pesynbryrounii BUIIsS g MoAEl sl BU3HAYEHHS BITHOLIEHHS (QYriTUBHOCTEH HACTYIHUM:
£ art[ T] ARl T| 03033M; [T/ T/
5= o |1 0| + -—| - E-1-nE
f; RT T; RT T; R T T

In

2
4,635 - 107*M; [ (1)) -
2R T .

[Ticnst po3paxyHKy 3a HaBEICHOK MOJICIUTI0 KOHCTAHT (ha3HOI PIBHOBAard KOMITOHCHTHHU
CKJIQJT PiIKOT Ta TBep/Oi pa3u pO3paxoBYBaIH 32 HACTYITHUMH PIBHSIHHSIMH:

Z’ﬁ':z Zil )=1'

1475 (-1
S Ki
Zi
Z S; = Z 1 =1,
1+ (7 - 1)
. . . L Ki . .
7€ zi — MOJSPHI YaCTKH KOMIIOHEHTIB pinkoi ¢asu. Orpumani pPIBHSHHS PO3PAaXOBYBAIH

iTepamifHIM MeToJ oM. 3a 3HAYEHHSIMH ng a00 Ny Ta HACTYIIHUM IiIICYMOBYBaHHSM BHU3HAYaIIN
CKJIaJ pignHu abo TBeproi (hpaKiiii, 3aJeKHO Bill pIBHSHHS, SKE BUKOPHCTOBYBAJIH.

ExcniepuMeHTanbHO BUMIPIOBAIM TEMIIEPAaTypU 3aCTHTaHHA Ta TEMIIepaTypHi aempecii
3pa3kiB HadTH B yucToMy BUIIAAL Ta 13 moxaBaHusM 0,09% nenpecopnoi npucanku IIITPO. 3a
JONOMOIOI0  CTBOpeHoro B cepenosumi Mathcad mporpamMHoro mnpoaykry Ha OCHOBI
3aIpONOHOBAHOT MAaTeMaTHYHOI MOJIEN] PO3paxyBaiH IACHTUYHI MTOKa3HUKH MOAETHHUX CyMIIIeh
Hadptu 3 gomaBaHHsM 0,09% nenpecopHoi npucanku IITTPO. Pe3ynsrati poGOTH MpOrpamMHOTO
MIPOIYKTY B MOPIBHSAHI 3 EKCIIEPUMEHTAIBHUMU IJAHUMH HaBE/ICH] B TaOIUIII.

Bnaus nogaanns 0,09% nenpecopHoi npucaaku Ha TeMIepaTypy 3acTuranisi HadgTu

Ne 3paska 1 2 3 4 5
Bwicr napadinis P, % 1,2 1,25 7,3 7,5 12
Bwict cipuanokucnux cmoin R, % 3 4 29 23 24
Bwmicr acdanbreniB A, % 0,05 0,06 0,26 0,28 0,93
(R+A)/P 2,54 3,25 4,01 3,10 | 2,08

Temneparypa 3acturanns, °C

UYucra nadra -11 -14 -7 -9 13
Hadra 3 nogaBanHsIM TIprCaky (MOJIEIb) -15,3 | -18,7 | -13,1 | -14,9 4.8
Hadta 3 nogaBanHsIM npucaaku (EKCIIEPUMEHT) -16 -19,7 | -13,4 | -15,2 | 4,6
TemmneparypHa aemnpecis, °C (Moenb) 43 4,7 6,1 5,9 8,2
Temmneparypha gemnpecis, °C (eKCIIeprMEeHT) 5 5,7 6,4 6,2 8,4

[lopiBHSHHS pe3yabTaTiB poOOTH MPOrpaMHOTO MPOAYKTY, aHajii3 JaHUX II0J0 BMICTY
napa¢idiB, cMoJ Ta acdalabTeHIB y 3pa3kaXx Ha(TH Ta EKCIEpUMEHTAIbHUX 3HAYCHb BUSBUIIO
3aJISKHICTh MK KUIBKICTIO MapadiHOBUX BYIVIEBOAHIB Y 3pa3Kax Ta TEMIIEPATYPHOIO JEHPECi€l0
LIUX 3pa3KiB,0CKUIBKM MeXaHi3M Aii jenpecopiB 0a3yeTbcsi Ha B3a€MOJIl MPHUCAIKU caMme 3 H-
alikaHaMM. TakoXX Ha MexaHi3M Jii IpUcaZoK BIUIMBAE TUCIEpCIiHE cepeloBUIlE, a came — HOro
MOJISIPHICTD Ta BMICT CMOJIUCTO-ac(albTeHOBUX KOMIOHEHTIB y HadTi. Tak, i 3pas3ka 4, sKuii
MicTUTh 23% CIpUaHOKUCIMX CMOJI, MOXKHA CIIOCTEPIraTd MEHIIY TEMIEPaTypHY JENpecito, HiK
s 3paska 3, sakuil mictuth 29% cmon, xoua ocTaHHId 3pa3ok mictuTh Ha 0,2% Ouiblie
napa¢iniB. Takuii edekT NOsICHIOEThCS HASBHICTIO IMOBEPXHEBOI AKTMBHOCTI Yy CMOJHUCTHUX
PEUOBHH, s5IKa, y CBOIO UEpry, 3aodirae yrBOpEHHIO KpUCTaNIIB napadiny.
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3a J0NOMOIOI0 CTBOPEHOTO IPOrpPaMHOI0 MPOAYKTY JOAATKOBO Oyln pO3paxoBaHi
TEeMIIepaTypu YTBOPEHHS LIEHTpPIB KpucTanizauii napadidiB st 16 3pa3kiB HAQTH B YUCTOMY
BUINISA/l, @ TAaKOXK IPU JI0JaBaHHI AETPECOPHUX Mpucagok y kuibkocti 0,09%. B ycix Bumagkax
CIIOCTEpIraeThCst 3HIDKCHHS TeMITepaTypH TI04aTKy yTBOpeHHs TBepaoi dasu Binl,2 1o 7 °C.

Hactymaum kpokoMm Oylio BHUSIBICHHS 3aJIe)KHOCTI TEMIIEpaTypH YTBOPEHHS IICHTPIB
KpHcTamizalii mapadiny B 3aJIeXKHOCTI Bii pupoan HAdTH OyI0 IPOBENEHO PErpeciiiHuii aHali3 B
naketi STATISTICA.

Pesynbratu po3paxyHKy HaBeleHI B HACTYITHUX PIBHSHHSX Ta HA PUCYHKY 1.

t=37,943 +0,51R — 0,801(P+A) + 0,269R> — 0,392R(P+A) + 0,236(P+A)’

At=2,36—0,079R — 0,345(P+A) + 0,0582R* — 0,0772R(P+A) + 0,048(P+A)*
At = 8,056 — 2,152R — 0,952(P+A) + 0,255R* + 0,131R(P+A) + 0,119(P+A)*

7e t — Temmeparypa yTBOpEHHsS LEHTPIB KpucTamizauii mapadiniB y Hadti, °C; At — 3HIKEHHS
TEMIIepaTypy YTBOPEHHs IIEHTPIB KpucTaiizaiii napagidis, °C; R — BMICT CIpuaHOKHCIUX CMOJ y
HadTi, %; P — BmicT mapadiniB y HadTi, %; A — BMicT acdanbsreHiB y HaTi, %.

PiBHSIHHS i1€aJIbHO anPOKCUMYIOTh PE3YJIbTAaTH POOOTH MPOTPAMHOTO MPOIYKTY.

3anexcuicms memnepamypHux éracmusocmetl Haghmu 6i0 emicmy napa@inie, Mol ma ac@aibmeHis:

a — 3aedHCHICMb meMnepamypu GUHUKHEeHHs Yenmpie Kpucmanizayii napaginis 3 Hagpmu 6i0 emicmy cmoi,
napacghinie ma acanomenie; 6 — 3a1€HCHICMb 3MIHU MEMNEPAMYPU BUHUKHEHHS YeHMPI6 Kpucmanizayii
napadghinie npu dooasanni 0,09% pancoesoi onii 8i0 emicmy cmon, napaghinie ma acanrvmenis,

8 — 3AIEJHCHICMb 3MIHU MeMNepamypu GUHUKHEHHs YeHmpie Kpucmanizayii napaginie npu 000a8aHHi
0,09% racmoposoi oxii 6i0 emicmy cmon, napaginie ma acghanvmenis.

Takum yrHOM PO3pOOJIEHO MaTeMaTHYHY MOJENb Ta CTBOPEHO Ha ii OCHOBI MPOrpaMHHIMA
MPOAYKT, SIKMM J03BOJIIE PO3paxOBYBaTH PIBHOBaKHI (Da30Bi CKiIaaW HA(TOBHX AMCIEPCHUX
CHCTEM Ta OLIIHIOBAaTH BIPOTiIHICTh BUHUKHEHHS IIEHTPIB KpUCTai3amii napadiHiB B 3aJeKHOCTI
BiJl TeMmmepaTypu. Pe3yabraTH TEOpEeTHMYHMX TEPMOAMHAMIYHMX PO3PAaXyHKIB MIITBEPIKEHO
eKCIIEPUMEHTAJIBHO.
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BIIJIMB MIKPOBIOJIOTTYHOI'O 3ABPY/IHEHHS
HA KOMIIOHEHTHUI CKJIAJI ABIAHIHHUX ITAJINB

Ipuna HIxinenrwk
Hayionanonuu asiayitinuii ynieepcumem, m. Kuis, np.-m Kocmonasma Komaposa, 1,
i_shkilniuk@ukr.net

CrnenudiuHi BUMOTH 10 SKOCTI aBial[ifHUX IajJUB JUKTYIOTHCS JKOPCTKUMH YMOBaMH
poOOTH mManMBHOI CHUCTEMHU JiTalbHUX amnapariB. [lanuBa moBHMHHI 3a0e3medyBaTH TOBHY
Oe3aBapiifHiCTh, HAIIHWN 3allyCK IBUTYHAa B OyIb-SIKUX yMOBaX, NMOBHE 3rOpSHHA 0€3 auMmy i
Harapy, BUCOKY IIBHJIKICTb 1 JAJBHICT MOJILOTY JIITAJIBHOTO anapary.

[ManuBa I peakTHMBHHUX JBHUTYHIB € CPETHENICTUUIITHUMHU HAQTOBUMH (PAKIISIMH, IO
MICTATh BYIVICBOJAHI pI3HMX KJaciB, TeTepoaToMHI 3'€HAHHS 1 HEOPraHiuHI JOMIIIKH.
KommnoHnenTHmii (rpyrnoBuil) CKiIaj MajivB 3aJeKUATh BiI NMPUPOIM Ha(dTH 1 3aCTOCOBYBAHUX
TeXHONOTiA 1i mepepoOku [1]. VY3aranpHeHI JaHI MOMMPEHMX MapoOK MAIMB JUI PEAKTUBHUX
JBUTYHIB MIpeCTaBiIeH] B Tabmmi 1.

Tabnuya 1
Ckiaa najmB Ui NOBITPSIHO-PeaKTUBHUX JIBUTYHIB
KommnonenTHuit ByriieBoiHEBUI CKIad, EnemenTHui cknan,
Mapxka o o
HaEa % Mac. % Mac.
napadinosi onedinosi Ha(TeHOBI apoMaTU4Hi C H
TC-1 42-52 1,1-2,0 30-49 11-21 85,7-85,8 14,0-14,1
PT 53-58 0,2-0,3 25-30 11-22 85,8-86,1 13,9-14,2

I'pynoBuil ckiax XapakTepu3ye BMICT y MaJMB1 ByIJIEBOJIHIB PI3HUX TOMOJIOTIYHUX PSIIB.
Bin Bu3Hauae OCHOBHI (PI3UKO-XIMIYHI BJIACTUBOCTI TajuBa 1 BIUIMBA€ Ha TPOIECH
BUIIAPOBYBAHHS, 3aiiMaHH 1 TOPIHHS MaJIHBA.

VY cknaai napagiHOBUX BYIVICBOJHIB B MANMBaxX ISl PEAKTUBHUX JBHUI'YHIB IEpPEBaXKAIOTh
13omapadiHOBI BYIVIEBOAHI, IO MAalOThb HM3bKY TEMIIEparTypy IUIABICHHS, BUCOKY XIMIYHY
cTaOUIBbHICTh MpH 30epiranHi, BUCOKY MAacoBYy TEIJIOTY 3TOPSHHS, ajie OUIbII HU3bKY T'YCTUHY 1
00'eMHy TemIoTy 3rOpsiHHSA. BMicT apoMaTWYHMX BYIVIEBOAHIB B aBlallifHUX JOTUTUBAMHU
OoOMEXyeThCsl B 3B'3KY 3 IX IIJIBUIICHOKO CXWIBHICTIO JO HArapoyTBOPEHHS 1 JUMJICHHS.
HadTtenoBi BymieBoHI 3aiiMatoTh NPOMDKHE MOJOXKEHHS MDK HapadiHOBUMHU 1 apOMaTHYHUMH,
MAalOTh BUCOKY CTa0UIbHICTh 32 BUCOKUX TeMIIeparyp, OUIbIIy ryCTUHY, HiK napadinu [1].

Tennodi3nvH1 KOHCTAHTH CyMIIIeH BYIJIEBOJIHIB 3alieXaTh BiJ BIAMOBITHUX BIACTUBOCTEH
BXIJJHUX KOMIIOHEHTIB 1 TICHO MOB'S3aHI 3 TYCTHHOIO, MOJIEKYJISPHOIO MAaco0, TEMIEpPaTypolo
KWITIHHS, CITIBBIAHONIEHHSM KUTHKOCTI OKpEMHUX KJIaciB BYIVIEBOJHIB B CKJIaJAHINA cymimi. Brumms
CKIagy Ha (i3MyHi 1 TErIOBI BJACTUBOCTI MAJHMB BPAXOBYEThCS TEIUIOEMHICTIO. Bimomo, mio
Cepe/lHsl BaroBa TEIUIOEMHICTh 30UIBIIYETHCS B pAAY: apOMaTHuYHI BYINIEBOJHI-HA()TEHOBI-
napadinoBi [2]. HaiiOinpiii 3HaYeHHS BITHOCSATHCS JO BYINIEBOAHIB MapadiHOBOTO Py,
HaliMeHIll — y apoMaTHYHHUX. TeIUIOEMHICTh BYIVIEBOAHIB 3MEHIIYETbCS B Mipy 301qHIHHSA
MOJIEKYIM BOJHEM. 3ajJeXKHO BiJ MNpUPOAM HAPTONPOAYKTIB HaiOUIbIIAa BIAMIHHICTH B
TEIMIOEMHOCTI MOXe oXoauTu 10 30%.

BrnactuBicTh MIKpOOpPraHi3MiB 3aCBOIOBATH BYIVIEBOAHI HA(TOMPOAYKTIB CTANO0 MPUYMHOIO
BUHUKHEHHS ICTOTHMX mpoOieM B cdepi HadToBumoOyTKy, HadromepepoOku i Hadroximii, a
0COOIMBO MiJ] Yac eKkcrutyaranii HaTOIpPOTyKTIB.
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B nanmit ywac icuye 200 BuAiB MIKpOOprasiaMis, 1o BkiIo4aroTh 30 pofiB, K1 3/1aTHI
BUKOPHUCTOBYBATH BYIVIEBOJHI, SIK €JMHE JHKEPENO BYMIEI0 Ta eHeprii. Jlo HUX BITHOCATHCS pI3HI
BUJM MIKPOMIIIETIB, IpKIKIB 1 Oakrepiit. Ommcano nonax 20 poxi 6akrepii 1 6impmre 10 poxis
rpu0iB, 31aTHUX 10 Olojerpanamii pi3HUX HA()TOBHX BYIVIEBOAHIB. Y KOJIOHISIX MIKPOOPraHi3MiB
MepeBaXkatoTh OaKTepii, TaK K BUKOPUCTAHHS BYIJIEBOJIHIB cepel OaKkTepill € JOCHTh MOUTHPEHUM
spueM. OCHOBHIMHU MIKpOOpraHi3MaMu, 0 BUKIHKAIOTh 0i0ypa)KeHHS MaiuB, € OakTepii poziB
Pseudomonas, Micrococcus, Mycobacterium, rpubu ponie Cladosporium, Aspergillus,
Penicillum, Alternaria Ta iH., npu HbOMY B aBiallifHMX MaJMBaX dYacTilie, HDK B IHIIKX
HaTONPOAyKTax 3HAXOAATh Oakrepito Ps.aerugenosa i rpu6 Hormoconics (Cladosporium)
Resinae («kepocuHoBuii rpud») [1, 2, 4]. OcraHHi JOCITIDKEHHS BUSBWIM IIE JBa aKTHUBHI
OlomecTpykTOpH aBiariiaux majauB Hormoconis resinae ra Monascus floridanbs.

Po3BUTOK MIKpOOpPraHi3MiB B MaJMBHUX CHUCTEMaxX NPHU3BOAUTH JI0 MOTIPIIEHHS (i3UKO-
XIMIYHMX Ta EKCIUTyaTal[ifHUX BJIACTUBOCTEH MaJMB B pPE3yIbTaTi 3MIiHH iX BYIJICBOJHEBOTO
CKJIaJly, HAKOTIMYEHHS MIKPOOHOT CIM3Y 1 0cajly, YTBOPEHHs CTIMKHX eMYbCiit [4].

[Iporiec MiKpOOIOTOTTYHOTO OKHMCHEHHS BYIVIEBOAHIB € JIy)Ke CKJIaJHUMH Yepe3 BIUIMB
Oaratbox (pakTopiB: BoJOTa, KUCIOTHICTH cepenoBumia (Ph), remmeparypa, OCMOTHYHHMIA THCK i
tak nam. KpiMm mepepaxoBaHux (akTopiB MarOTh 3Ha4eHHS 1 (Pi3i0JOTI4HI OCOOIMBOCTI camuX
MIKPOOPraHi3MiB, SIKi MPOSBIAIOTHECS MPU OKMCHEHHI IHAMBINyaJbHUX BYIJIEBOIHIB 1 iX Cymimeit
[2]. MikpoopranisMu BOJOAIIOTh BJIACTUBICTIO BHOIPKOBOTO BIIHOIIEHHS /0 PI3HOMAHITHUX
BYIVIEBOHIB, IPUYOMY ISl 3IaTHICTh BU3HAYAETHCS HE TUTBKU BIIMIHHICTIO B CTPYKTYpi PEUOBUHH,
aJie HaBITh 1 KUIBKICTIO BYIJICBOJHEBHX aTOMIB, SIKi BXOJATh B iX CTPYKTYpY.

[lepmumu  cTaOUTBHUMHU TPOJYKTaMU OKHCHEHHS BYIVICBOJHIB € TICPBUHHI CIUPTH.
Hacrynnuii etan ckianaioTh 3BU4aiiHi 010J10TIUHI IEPETBOPEHHS CIIUPTY B IbJIET1] 1 aJIbACTIAY B
KHCJIOTY. 3arajbHa CXeMa peaKilii BUITISIIa€ HACTYITHUM YHHOM [2]:

R-CH,-CH3+[O] — R-CH,-CH,OH-2H — R-CH,-CHO-2H+HOH— R-CH,-COOH.

Hacnigxu, BUKIMKaH1 MIKpOOiOJIOTTYHUM 3a0pyIHEHHIM MalIKMBa, MOXKHA KiIacu(]ikyBaTu 3a
kareropismu [3]:

- IpoONIeMH, BUKIIMKAHI (PI3MYHUM MPUCYTHICTIO KOJIOHIN MIKPOOPIaHi3MiB;

- IpoONIeMH, BUKIIMKAaHI MIKPOOI10JIOTTYHUM METabo0i3MOM;

- IpoONIeMH, BUKIIMKAHI MIKPOOI1OJIOTTYHUMHU MeTaboiTaMH;

- mpoOnemMH, TIOB'sA3aH1 13 BIaCTUBICTBIO MIKPOOPTaHi3MiB BUKJIMKATH KOPO3it0.

CnoxuBaHHA  BYIVICBOJHIB  aBlallilHUX MajduB  TMOB'S3aHE 3  MIKPOOIOJIOTTYHUM
mertabonismom. IlIBuiakicTe 1 TMOWHA MIKPOOIOJIOTIYHOTO OKHUCHEHHS AaBialllifHOTO MaauBa
3aje’kaTh BiJ] MOTo BYIVIEBOJAHEBOTO CKJIany. ByrieBoaHi, siki MaloTh JIiHIMHY OYyIOBY MOJIEKYI,
HIBU/ILIE PYHHYIOTBCS, HDK 1X po3raiykeHi i3oMepu. AmiaruuHi ByrieBoAHI (mapadinu) yacrime
MeHII OiocTiiiki, HDK apoMaTuyHi. ToMy 1 mammBa, sIKi MICTATH B OCHOBHOMY MHapadiHOBi
BYIVIEBOJIHI MOXXYThb PYHHYBaTHCh MIKpOOpraHi3MamMH IIBH/IIE, HDK Ti, AKI MICTATh OUIbIIY
KUIBKICTh apOMaTUYHMX CIIONYK [2, 3].

Bin  ¢i3ionoriyHUX  0COOAMBOCTEH  KOKHOTO  POAYy  MIKPOOPTaHi3MiB  3aJleKHUTh
HalpaBJIEHICTh TPOIECYy AECTPYKLIi 1HIUBIAYaJbHUX BYIIEBOJHIB 1 iX cyMmimiei, sKi MaiTh
PI3HUI CTYMIHB CTIHKOCTI 10 OKHMCICHHA. ByrieBoHI MOXyYTh pyHHYBAaTHCS MIKpOOpraHizMaMHu
JOCUTH IIBUJIKO 32 a€POOHUX YMOB 1 Ha/[3BUYAIHO MMOBUILHO — 3@ aHaePOOHUX.

[Ipouec GiomecTpykiii aBialifHUX ManUB BiIOYBA€THCS IUIIXOM aKTUBHOTO TMEPEHECEHHS:
pEUOBMHA HAAXOAUTh B KIITUHY HAOpOTH TpagieHTy KOHIEHTpalii B CEpeIOBHILI; MHpPOILEC
notpedye 3aTpar eHeprii i BigOyBaeTbCs 3 JOMOMOTOK CHEIU(IUHUX OUIKIB-IEPEHOCHUKIB
(mepmeas).

APGIP-9 Ukraine, Lviv, May 14-18, 2018
92



Peakuii Mikpo0610JIOTiUHOTO TMEPETBOPEHHS BYIVIEBOJIHIB € OKHCHIOBAJIbHUMHU. [paHuyHa
BITHOBJIIOBAHICTh IIMX PEUOBUH POOUTH HEOOXIIHMMHM ISl iX OKMCHEHHS MPHUCYTHICTh KHCHIO.
ImpodoOHMit XapakTep MOJEKYIH € MPUYHHOIO TOTO, IO TPOIIECH OKUCHEHHS 3IIHCHIOIOTHCS
OKCHUTE€Ha3aMH, Ha BiIMIHY BiJl OKUCHEHHS OUTHII TiAPOQITLHUX PEUYOBUH, SIKE BIIOYBA€THCS ITi[
nieto nmerinporenas. ['impodoOHICTE ByIIIeBOJHEBUX CyOCTparTiB i iX IMoraHa pO3YMHHICTH y BOJI
BH3HAYAIOTh CIIOCOOHM TPAHCIIOPTY PEYOBHH B KIIITHHY.

JIBa dakTopu 3a0e3MedyroTh MIKpOOIOIOTIYHE OKMCHEHHS MmapadiHiB: HASBHICTh CKIIAIHHX
(dbepMeHTIB — okcHIa3 3mimanuX (QyHKIIH (OKCUTEHA3), sKi 3TIHCHIOIOTh BBEICHHS OJJHOTO aroMa
KHCHIO 13 HOTO MOJEKYISIPHOI (OPMH B KIHLIEBY METHJIBHY TPYIY BYIJICBOIHIO, 1 HasBHICTH B
KIIITHHI CTPYKTYp, sKi 3a0e3NedyroTh MOTIMHAHHA Tigpo¢doOHOr0 1 HEPO3YMHHOTO B BOJI
cyocTpary, SKUMHU € H-ankaHu. DepMeHTH, SKi BIINOBIIAIOTH 32 OKUCHEHHS BYIJICBOJIHIB,
MOB’s13aHI 3 MEMOpaHHMMH CTPYKTypaMHu KIITHH. AJKaHH 3 PO3TATY)KCHHM JIAHIIOTOM
BYITICBOJHEBUX aTOMIB € MPAKTUYHO HEJOCTYITHUMH JI0 0I0XIMIYHOTO OKMCHEHHS, 10, IMOBIPHO,
OB’ 513aHO 3 KOH(OPMAITIEI0 MOJIEKYIT CyOcTpary i hepmenty [2].

Jlo mramiB, sKi 37aTHI 10 Oioxerpajaaii MUKITYHUX alKaHiB, BITHOCATbCSA OakTepii poaiB
Cordonia, Xanthobacter ta in. Illtamu, siki 3matHi g0 O0i0AECTPYKINT HUKIOANKAHIB, MalOTh
cneuu(ivHi  (EpMEHTHI CHCTEMH, SKi BIAPI3HAIOTBCSA Bil (QEPMEHTHHUX CHCTEM, MIO0
BUKOPUCTOBYIOTbCS MIKpOOpTaHi3MaMH JIJIsl OKHCIICHHS HEUMKIIYHUX ajikaHiB. Jlerpamamis
IUKJIOAIKAHIB HEpiJKO Tepenye I1x apomaru3aiii. Micobacterium vaccae, skuii 3maTHUI
3aCBOIOBATH 130aJKaHM, 30KpeMa 2-MEeTWIOYTaH, OKHCIIOE MHKIIYHI alKaHW 10 BIIMOBITHHX
KETOHIB CYyCIEH31IMU BIIMHUTHX KIITHMH. Hmxue Ha puc. 2 1 3 HaBeOeH1 TUIIOBI NPUKIAAN
OKHMCHIOBAJIbHUX TpaHChOpMaLliil IUKIoaIKaHiB [2]:

M.vassae
—> CH3CH,CHO

Huknonponan [porrioHoOBHIA anmbAETi

(o]
O M.vassag (j
—_

Iuknorexkcan Iuxnorekcanon

<:>_<:> Sporotrigum HO OH
sulfurescens

Binuknorekcuin 4,4-JT10KCHOIITUKIIONeKCHIT

Puc.1l. Cxema peaxyiii okucienns Yyukionponamy

Nocardia sp.
CHyCHyCHg  ——> CH,COOH

H-Byrunuuknorekcan IlukorexkcaHoITOBA KMCIIOTA
HsC H=C
° Z\O Nocardia sp. 5 Z\O\
E—
OH
Erunnukiiorexcan Tpanc-4-eTHIIUKIIOr eKCaHOT
ch\Q M.vassae H3C\Qé (0]
—
MeTuiukioneHTan 3-MeTHIIUKIONEHTAaHOI

Puc.2. Cxema peaxyiti okucnenns H-0ymunyukio2ekcamny,
EMUNYUKTIO2EKCAHY | MEMUN YUKTIONEHMAHY
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Benukuii necTpykTuBHMN (KaTaOOJITUYHUI) MOTEHIia)l 110 BIIHOIIEHHIO /10 apOMaTUuyHUX
BYIVICBOJIHIB MaroTh Oakrepii poxy Pseudomonas. BoHu 31aTHi MOBHICTIO PO3MICIUIIOBATH a00
9aCTKOBO TPaHC(OPMYBATH TaKi CIIONYKH, SIK HaTamiH, heHarpen, (yopeH Ti iH.

XapakTepHOIO 0COOIMBICTIO MPOIECY aCUMUISAIIT BYITIEBOIHIB Y SAKOCTI1 JDKEpeEa BYIJIEIIO €
HAKOMMYEHHS NMPOMDKHUX MPOIYKTIB, SIKE YACTO 3yCTPIYAETHCSA B KYIBTYpaJlbHOMY CEpENOBHIII
MIKPOOPraHi3MiB, IO POCTYTh 332 PaXyHOK Takux cyocrparis [9].

VY BumnpoOyBansHoi iHTepakTuBHOI naboparopii «ABIaTECT» VkpaiHChKOro HaykoBO-
JOCTITHOTO Ta HABYAJIBHOTO IIEHTPY XIMMOToJoOril 1 ceprudikamii MmaaTMBHO-MAaCTHIBHUX
MarepiaiiB i TeXHIYHUX pianH HamionaneHoro aBiamiiiHoro yHiBepcurery (M. KuiB) 3 qomnomororo
xpomarorpagiqHOro aHaiizy OyJIu MPOBEACHI MOCTIHKCHHS PsIy 3pa3KiB aBialliiHUX TAIHB 3
PI3HOIO TPHBAIICTIO MIKPOOI0JIOTITYHOTO 3apaXKCHHS BiJl OJTHOTO THXKHSI JIO 3 POKIB.

KommnoHeHTHHMII CKJan CyMmimeil BYIJICBOJIHIB aBialliiHUX MaluB € IHPOPMATUBHUM
MOKa3HUKOM, ajle METOJ iX BH3HAUEHHS JOCUTh TPYIOMICTKHH 1 HE JI03BOJSIE OTEPATUBHO
OTpUMYBaTH iH(OpMaIilo MPO CKIaa CyMmilledl BYIJIEBOAHIB, 1m0 Oyno O BKpall HEOOXiTHO B
pearbHUX YyMOBAX aBianannBo3a0e3MeYeHHs B aepoTopTax.

Pesynbratn fmocmipkeHb TOKa3zaid, IO JUIs IHTEpHpeTamii pe3yibTaTiB  JOCHiIKEHb
noTpiOHO BPaxoBYBaTH TPHUBAIICTH MIKPOOIOIOTIYHOTO 3apa)KCHHS MalKMBa, YMOBU 30epiraHHs
JOCIIPKYBAaHUX 3pa3KiB, 00'eM TOCTIKYBAaHUX 3pa3KiB, CKJIA]] KOJIOHINH MIKpOOPraHi3MiB TOIIIO.

Pesynbrartu mokaszaiu 3MeHIIEHHS BMICTY napadiHiB B MajiuBax, MO MATBEPIKYE HEBHCOKY
010CTIMKICTh. 3HMKEHHS MapadiHOBOTO MOTEHINIATY MaIuBa BiIOYBAE€THCS 32 PAXyHOK BHIAJICHHS
3 cyMillleii BYIJIEBO/IHIB H-aJIKAaHIB SIK PEYOBHUH, SKi IEPEBAKHO CIIOKUBAIOTh MIKPOOPTaHI3MH.

KinbKICTh IMKIIOATKAaHOB 3MIHIOETHCS MEHII iCTOTHO Y KOHTPOJIbHUX 1 3apa)KCHUX 3pa3KiB
aBialifHUX TaMuB, TOOTO IUKIOATKAHU BaX4e MIIIAIOTHCA MIKPOOIONOTIYHOT Aerpanaiii, B
MOPIBHSIHHI 3 allkaHAMU, M0 TOB'I3aHO 3 HASBHICTIO MUKIIYHOI CTPYKTYpH. 3a pe3ylbTaTamu
JOCIIPKEHb PI3HUX 3pa3KiB aBiallifHUX MAJIMB MOXHA 3pOOUTH BUCHOBOK, 1[0 Ba)KUe MiIAIOTHCS
apOMaTHYHI BYIJIEBOHI, 1X KUIBKICTh HE ICTOTHO 3MIHIOETBHCS 1y YHCTUX 1y 3apaKeHUX 3pa3KiB,
30KpeMa 3pa3KiB 3 TPUBAIMM MIKPOOIOIOTTYHIM YpaXKEHHSIM.

Biogectpykiisi ByreBOMHIB aBialliiHUX MalWB MPU3BOAWTH O HAKOMMMYEHHS OpPraHIdYHHUX
KHACJIOT 1 KETOHIB Ta IHIIMX KHCHEBMICHHX CIIOJNYK, SIKI MOXYThb BHUKJIMKAaTH CEpilo3Hi
MOIIKO/DKEHHSI, OCOOMMBO IMpH TPHUBAJIOMY BIUIMBI BCEPEAMHI 3aCTIMHMX IUITHOK HaJUBHOL
CUCTeMH (2K JO TOSBM Tedi KeCOHHUX OakiB). 3MiHAa KOMIIOHEHTHOTO CKJIaay MPU3BOIUTH 0
3MIHH (PIBUKO-XIMIYHHUX Ta EKCIUTyaTal[liHUX BIACTUBOCTEH aBiamiiHux mnanuB. I[loBHOTA
3TOPSIHHSA MAJIMBa 3aJICKUTH BiJ HOT0 KOMIIOHEHTHOTO ckiany. [lanuBo, 30arayene apoMaTHaHUMH
BYIVIEBOAHSAMH, CXHJIbHE JI0 YTBOPEHHS CaKi 1 Harapy, BHacCIi0K YOro B ra30BOMY MOTOLI MTOTYM's
3'ABISIIOTBCSA  PO3IEUEHI MIKPOYACTHUHKHM BYIVICIFO, IO MIABHINYIOTH SICKPaBICTh MHOJIyM's. 3
MIIBUILIEHHM SICKPABOCTI 30UIbIITYeThCs pajianis (pagianiiHuil) moiym's, meperpiBaeTbCst CTIHKA
KaMmep 3rOpsIHHS 1 3MEHIITYe TEPMiH CIIYy>KOU JABUTYHA.
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STREAMS IN REFINERY INDUSTRY AND OIL-FIELD APPLICATIONS
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PACHEMTECH Company and Oil and Gas Institute-National Research Institute are
conducting the Project "Innovative chemicals with the application of modified imidazoline for the
refinery, oil, metallurgy and machinery industries", co-financed by The National Center for
Research and Development, as part of the Applied Research Program. Innovative technology of
corrosion inhibitor for use in oil-field industry (trade name Pachem-CWR-1011) and innovative
corrosion inhibitor for refinery crude oil distillation units (trade name Pachem-CR-1012) have
been developed as the result of the Project.

The phenomenon of corrosion is a serious problem, both in the oil production industry as
well as during its processing in refineries. The produced crude oil is always accompanied by a
stratal water. It contains inorganic salts, such as chlorides (of sodium, potassium, calcium,
magnesium), sulphates (of sodium, potassium, magnesium) and carbonates. Electrochemical
corrosion processes occur in solutions containing salts, caused by the action of galvanic cells,
formed between a passivated metal surface and a surface that does not have such film [1].

Crude oil often contains even several percent of hydrogen sulphide, although crude oils
containing more than a dozen percent of this compound are also known. Hydrogen sulphide when
dissolved in water reduces its pH and causes very aggressive corrosion. Sulfide FeS and hydrogen
H, are formed as a result of the hydrogen sulphide reaction with iron. Iron sulphide creates a
coating on the metal surface which, in the first phase, inhibits "acidic" corrosion. However, even
minor damage to the coating is the cause of intensive corrosion. “Acidic type” corrosion causes
pitting and some hydrogen penetrates steel and becomes the cause of steel blisters and hydrogen
embrittlement [2].

Fe® + H,S — FeS + Hy

Large corrosive demage is caused by the presence of carbon dioxide during the production
of crude oil. Corrosion caused by the presence of carbon dioxide is often called "neutral or sweet"
corrosion. Carbon dioxide dissolved in water forms carbonic acid (H,COs) that reacts with iron
forming iron carbonate (FeCOs) and hydrogen. A characteristic feature of corrosion caused by the
presence of carbon dioxide are smoothed edges of the installation [3].

COz + H20—>H2CO3

H2C03 + FeO — FeC03 + Hz

MIC (Microbiologically Induced Corrosion) is a process intensified by the action of
bacteria, and the products of the bacterial metabolic transformations, such as hydrogen sulfide,
organic and inorganic acids, cause corrosion and increase its rate. In oil mines, corrosion
processes are caused mainly by the action of sulphate reducing bacteria (SRB) - the anoxic
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Desulfovibrio Desulfuricans species, which multiply under anaerobic conditions in crude oil.
These bacteria are the most active under the scale surface formed by sediment deposition. SRB
bacteria cause the reduction of sulphate ions to hydrogen sulphide and/or sulphides according to
the reaction [4]:

4Fe + SO4* +4H,0 = 3Fe(OH), + FeS + 20H

Fe*' + H,S = FeS + 2H"

The corrosion rate in oil mines increases with the oxygen content in the system. It is also
determined by the temperature and reaches a maximum at a temperature of about 70°C.

Corrosion rate can be from 1 to even several mm/year in oil/gas mines not protected by
corrosion inhibitors. The reduction of the wall thickness of the installation apparatus and transfer
pipes as well as deep pits (which can lead to leakage of the pipes and a strong decrease in their
strength properties) are the effects of corrosive processes.

To prevent corrosion in oil mines, corrosion inhibitors are used. They are dosed
continuously at typical rate of 10 - 50 ppm. It is assumed that proper corrosion protection should
ensure a decrease in the corrosion rate of steel to the level below 100 micrometers/year.

Crude oil, after initial cleaning from deposits in the oil field, is delivered to the refinery.
However, it still contains many impurities from the oil-field site, transportation pipes, reservoirs
and other devices with which oil was in contact on its way to the refinery. These include mineral
deposits, corrosion products, paraffins and asphaltenes.

The crude oil delivered to the refinery contains from 30 to 1500 mg/dm’ of inorganic salts
and 0.1-1.0% (v/v) of water. Salts derived from seawater contain 70-80% (m/m) NaCl, 10-20%
(m/m) MgCl, and 10-20% (m/m ) CaCl,. Magnesium and calcium chlorides are responsible for
the most intense corrosion during refinery oil processing.

The chlorides content in the crude oil supplied to Distillation Unit should not exceed 10
mg/dm’ of oil, because it causes intense corrosion of the Unit, especially corrosion of top sections
of the distillation columns.

The main corrosion factors at crude oil distillation units are acidic gases: H,S and CO,,
inorganic acids: HCl, H,SOs, H,SO4, H,COj3 and organic naphthenic acids. High temperature of
the process is the corrosion intensifying factor. Hydrocarbons containing water vapor, hydrogen
chloride and hydrogen sulfide, are the most corrosive and cause intensive corrosion processes
when leaving the distillation column at temperature of 120-130 °C [1.4 - 10].

Large corrosion damage in refineries is caused by the action of hydrogen chloride.
Hydrogen chloride (HCI) is formed by the hydrolysis of calcium and magnesium chlorides during
the heating up process of the crude oil or decomposition of organic chlorine compounds in the
distillation of crude oil [9].

The effects of corrosion processes in the refinery include the Unit walls thickness reduction,
deep pitting, and so-called steel bladder, hydrogen embrittlement, intergranular corrosion reducing
the strength of construction materials and formation of deposits clogging heat exchangers, bundles
of pipes, filters, pipes, valves and technological pipelines. Indirect effects of corrosion are
necessity for earlier repairs of the installations, quality of distillates deterioration as well as
increased pollution of the environment [8].

Corrosion prevention at crude oil distillation units (CDU) includes injection of the corrosion
inhibitor as well as demulsifiers and acidic vapors neutralizers. Corrosion inhibitors are injected
continuously to hydrocarbon streams at 5 to 20 mg/kg rate. It is assumed that proper corrosion
protection should ensure the corrosion rate of steel below 0,11-0,25 [mm/year], the level of steel
hydriding <0.2 [ppm H,/month], and the sediments volume <2.0 [g/m*/day].
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PACHEM-CWR-1011 is a corrosion inhibitor for protection of crude oil mining equipment
and pipelines transporting crude oil in oil and gas mines. It is a film forming-type corrosion
inhibitor. It contains components forming a durable protective film on the surface of the
installation, which prevents pitting and uniform corrosion.

Parameter PACHEM-CWR-1011
Appearance, 20°C clear liquid, amber color
Density, 20 ° i PN-EN 1
ensity, 20 °C , according to PN-EN ISO 0.900-0,940 g/em’
12185
Flash Point, according to PN-EN ISO 2719 +56°C
Pour Point, according to PN-ISO 3016 -78°C
. it dissolves in crude oil, in aromatic and aliphatic
Solubility

solvents , disperses in water

Investigation of the tendency to form emulsions, according to ASTM G170

Test conditions: 90 % (v/v) crude oil and 10 % (v/v) stratal water , test temperature 50 °C
Separation below 30 seconds at 50 ppm treat complete phase separation for crude oil
rate. and stratal water, no interphase

Wheel Test Method Used for Evaluation of Film-Persistent Corrosion Inhibitors for Qilfield
Applications. According to NACE 1D182.

Test conditions: 50 % (v/v) crude oil 50 % (V/v) stratal water, saturated with CO, i H,S; test bottles
rotation speed 30 RPM; Sand blasted mild steel Shimstock plates; temperature 65°C, test duration 72
hours.

protection level at 15 ppm dosing 97,5 %

Corrosion rate at 15 ppm dosing 0,029 mm/year

B dosage: 5 - 25 ppm , continuously, based on the volume of crude oil and water;

B creates extremely durable films protecting against corrosion, it perfectly protects the
installations against uniform and pitting corrosion;

B perfectly prevents the formation of emulsions of oil-stratal water;

B no foaming tendency;

B cost effective;

B Industrial tests of PACHEM-CWR-1011 at oil-gas mine, proved that even at low dosage

below 15 mg/I of crude oil and water, corrosion rate was below 0,1 mm/year.

PACHEM-CR-1012 is the corrosion inhibitor for protection of refinery installations,
especially crude oil distillation units (CDU).

The corrosion inhibitor PACHEM-CR-1012 protects the distillation columns, condensation
systems and pipelines from corrosion by injecting into the vapor pipes and reflux pipes of
distillation columns. PACHEM-CR-1012 is a film-forming corrosion inhibitor. It contains
components forming a durable protective film on the surface of the installation, which prevents
pitting and uniform corrosion. It is a mixture of corrosion inhibitors, amines and surfactants in
hydrocarbon solvents.
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Parameter PACHEM-CR-1012

Appearance at 20°C clear liquid, amber color
Density at 20°C, according to PN-EN ISO 12185 0,860 — 0,930
Flash Point, according to PN-EN ISO 2719 above + 25
Pour Point, according to PN-ISO 3016 below - 25
Solubility in crude gasoline from CDU, according to ASTM G170 clear solution, no sedimentation

Investigation of the tendency to form emulsions, according to ASTM G170
Test conditions: 90 % (v/v) crude oil and 10 % (v/v) stratal water , test temperature 40 °C

complete phase separation for crude gasoline
and water, no interphase

Wheel Test Method Used for Evaluation of Film-Persistent Corrosion Inhibitors for Refinery Applications.
According to NACE 1D182.

Test conditions: 50 % (v/v) gasoline 50 % (v/v) water, saturated with CO, i H,S; test bottles rotation speed 30
RPM; Sand blasted mild steel Shimstock plates; temperature 65°C, test duration 72 hours.

protection level at 15 ppm dosing 96,2 %

Corrosion rate at 15 ppm dosing 0,03 mm/year

Separation below 30 seconds at 50 ppm treat rate.

B dosage: 5-15 ppm, continuously, based on the volume of gasoline from (CDU);

M| it is perfectly soluble in light hydrocarbon fractions, i.e. in raw gasoline from CDU; the solution is
completely clear, suitable for long-term storage;

| it shows high anti-corrosive properties in relation to carbon and alloy steels, even at low dosing of

the inhibitor from 5 -20 mg/liter,

it creates extremely long-lasting films protecting the surfaces of distillation columns, condensation

systems and pipelines against corrosion, perfectly protects CDU against uniform and pitting

corrosion;

perfectly protects against the formation of hydrocarbon emulsions with steam/water;

no foaming tendency;

raw gasoline, obtained at CDU column, is a clear liquid, with no water or impurities;

the water condensate from the settler is a transparent liquid, without suspensions or sediments,

with low Chemical Oxygen Demand (what is beneficial for environment);

cost effective.

The Distillation Unit industrial tests of PACHEM-CR-1012 proved that, even at low dosage below

15 mg/liter, corrosion rate below 0,1 mm/year and iron ions content in condensate below 0,01

mg/liter were obtained.
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PACHEMTECH Company and Oil and Gas Institute-National Research Institute are
conducting the Project "Innovative chemicals with the application of modified imidazoline for the
refinery, oil, metallurgy and machinery industries", co-financed by The National Center for
Research and Development, as part of the Applied Research Program. Innovative corrosion
inhibitor and scale inhibitor/dispersant multifunctional package for water cooling systems in
refinery, power plants and crude oil production has been developed as the result of the Project.

Water cooling is a basic technological process in refinery, petrochemistry, metallurgy, power
plants and many other industries. In industrialized countries, nearly half of the total water
consumption is used by water cooling units (closed, partially closed and open). Locally available
water is used to replenish the cooling systems water loss. This water contains impurities which are
introduced into the system in the form of insoluble solids, mineral salts, organic components and
0, 1 CO; gases.

There are three main problems occurring in each water cooling system (including refinery
and petrochemical units): the linear and pitting corrosion, the precipitation of inorganic salts
(mainly calcium carbonate forming hard deposits called carbonate scale) and microbiological
contamination. It results in corrosion of pipelines, cooling equipment, water reservoirs, scale and
sludge deposition, development of microorganisms and algae.

All these factors reduce the energetical efficiency of the system, caused by heat transfer
coefficient reduction. All cooling system apparatus require frequent cleaning and repairs.

Industrial water cooling units are mainly made of carbon steel, alloy steel, copper and its
alloys (sometimes copper/aluminum alloys). recirculating cooling water is characterized by a high
salinity, total alkalinity increase, calcium-type and general-type hardness increase, pH value
increase and often microbiological contamination.

Water cooling units are subjected to strong electrochemical corrosion because of the saline
water acting as an electrolyte. Water systems containing salts, electrochemical corrosion easily
occurs and is caused by the action of galvanic cells formed between the passivated surface of the
metal and the no passivated metallic surface. Pitting corrosion is the main effect of
electrochemical corrosion. Industrial water cooling units are also exposed to intense corrosion
resulting from the presence of oxygen. Increased pitting corrosion and aerobic bacteria growth is
observed with increased water oxygen content. Corrosion rate is also dependent on temperature;
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the higher temperature the faster the corrosion rate is. The durability of steel heat exchangers with
no adequate protection against corrosion is 0.5 + 2 years.

To prevent the above phenomena, corrosion inhibitors, scale inhibitors, dispersants, bio-
dispersants and biocides are dosed into industrial cooling water systems. The most common is
application of single substances, which is very inconvenient because it requires many dosing
pumps and many vessels (containers) for the chemicals and additionally is endangered by the
chemicals incompatibility problems. Frequently, the application of one agent results in the
deactivation of another one, either undesirable reactions between the used agents and their
precipitation.

The disadvantage of some scale inhibitors used is their strong corrosive effect. Although,
they prevent sedimentation of inorganic salts on the heat exchange surface, but often cause severe
uniform and pitting corrosion. Certain commercial corrosion inhibitors for water cooling systems
are toxic. Inhibitors containing toxic alkyl nitrites and Diethanoloamines are especially dangerous
to the environment and personnel. Diethanoloamines form carcinogenic nitrosamines when
contacted with nitrites naturally present in water. The disadvantage of some corrosion and scale
inhibitors is the lack of compatibility with heavily salted circulation water streams resulting in
insufficient corrosion and scale protection.

Currently, from the technical point of view, inhibitors for water cooling systems are required
to be effective in a wide range of water parameters, economical and most importantly, to be
multifunctional.

PACHEM-CR-1021 multifunctional corrosion/stone inhibitor dispersant package for water
cooling systems, which was developed in the Project, was subjected to extensive investigations of
physicochemical and functional properties. Water from industrial water cooling system was also
tested.

The following analysis of water from refinery water cooling units were performer: pH
value, total alkalinity, general-type hardness, calcium-type hardness, content of oxygen, ammonia,
chlorides, sulphates, nitrates and iron, conductivity, corrosion properties, total number of bacteria
and fungi and chemical oxygen demand (COD).

Wheel Test Method Used for Evaluation of Film-Persistent Corrosion Inhibitors for
Oilfield Applications, NACE 1D182 -2005.

Wheel Test Method, a typical, conventional method for determining metal plates weight
loss (in a simulated continues corrosive medium flow environment) is used for evaluation of
corrosion/stone inhibitor dispersant packages for water cooling systems anticorrosion properties.

Water from refinery cooling system as well as corrosive water prepared according to NACE
1D182-2005 (initially purged with oxygen) were used in the studies.

Tested additive package was placed into the testing bottles containing already water from
refinery water cooling system. Weighted Shim Stock steel plates were inserted to the bottles after
that. The bottles were sealed and placed in wheel tester rotating with the speed 15 RPM at
temperature 65.5 °C for 72 hours. After the test, the steel plates were cleaned, weighted and
evaluated for pitting corrosion.

Corrosion protection rate was calculated based on the steel plate weight loss when the
corrosion/stone inhibitor dispersant package was used W(package) and with no package W(0).

Corrosion protection rate % P =W (0) - W(Package) /W(0) x 100 %
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Fig. 1 Wheel test setup according to NACE 1D182-2005, the rotation apparatus with testing bottles after
the corrosion test, Steel plates after corrosion Wheel Test

Laboratory Screening Tests to Determine the Ability of Scale Inhibitors to Prevent the
Precipitation of Calcium Sulfate and Calcium Carbonate from Solution, NACE Standard
TMO0374-2007.

It is a static, laboratory test for evaluation of scale inhibitor efficiency in protection against
calcium sulphate and carbonate precipitation.

The tests were conducted focusing on calcium carbonate precipitation.
The following brine solutions were prepared for this purpose:

e Brine solution A containing Calcium: 12,15 g/l CaCl,x2H,0, 3,68 g/liter MgCLx6H,0, 33,0
g/l NaCl in 1 liter of demineralized water. Directly before the tests, the brine solution was
saturated with carbon dioxide (CO5).

e Brine solution B containing bicarbonate: 7,36 g/l NaHCOs, 33,0 g/l NaCl in 1 liter of
demineralized water. Directly before the tests, the brine solution was saturated with carbon
dioxide (CO»).

Tested additive package was injected with a Hamilton syringe into the 100 ml testing
bottles, followed by 50 ml of the brine solution A and 50 ml of the brine solution B. The mixture
was mixed manually for 60 seconds and placed in an incubator for 24 hours at 71 £ 1 °C. A
sample with no corrosion/stone inhibitor dispersant package was also prepared according to the
same procedure. After the test, the samples were cooled down to 25 + 1°C, 50 ml of the liquid
from above the sediments was taken for Ca*" ions determination using EDTA titration.

Calculation of the package efficiency presented as scale protection rate (%).

scale protection rate (%) = (C, — Cp) / (Cc — Cp) x 100
where:

C.— Ca®" ions content in the tested sample, mg/1

Cy — Ca”" ions content in the sample with no additive, mg/1

C. — Ca® ions content in the sample with no additive without incubation for 24 hours at 71
+ 1 °C, mg/l

PACHEM-CR-1021 - Innovative corrosion inhibitor and scale inhibitor/dispersant
multifunctional package for water cooling systems in refinery, power plants and crude oil
production

e Contains corrosion inhibitors protecting against corrosion caused by presence of O,, CO,,
inorganic salts,
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Contains scale inhibitors and dispersants

Protects against formation and precipitation of inorganic salts deposits, mainly Calcium

carbonates,

Protects against uniform and pitting corrosion,

Efficient under broad range of circulating water parameters,
dosing: 50 do 500 ppm, in relation to water volume

Parameter corrosion inhibitor and scale inhibitor/ dispersant
multifunctional package PACHEM-CR-1021
Appearance at 20°C clear liquid, yellow color

Wheel Test Method Used for Evaluation of Film-Persistent Corrosion Inhibitors for Oilfield
Applications according to NACE 1D182.

Dynamic test conditions:

100 % (Vv/v) circulating water from refinery cooling system, testing bottles rotation speed 30 RPM;
Sand blasted mild steel Shimstock plates; temperature 65°C, test duration 72 hours

protection level at 300 ppm dosing 98,5 %

Corrosion rate at 300 ppm dosing 0,008 mm/year

Laboratory Screening Tests to Determine the Ability of Scale Inhibitors to Prevent the Precipitation
of Calcium Sulfate and Calcium Carbonate from Solution, according to NACE Standard TM0374-
2007.

Static test conditions:

50 % (v/v) Brine solution A and 50 % (v/v) Brine solution B, test temperature 71°C, test duration 24
hours

protection level at 300 ppm 98,66
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Cepen iHmUX MpoOJEeM TEMJIOBOT €HEPreTHKH YKpAiHW HarajJbHOTO BHPIMICHHS CHOTOJHI
notpedye TUTAaHHS TOKPUTTS B MaJUBHO-CHEPreTMYHOMY OamaHci nedimuTy BYrimis
AQHTPAIUTOBOI TPYIH Ta CKOPOYEHHS IIKIITUBUX BUKUAIB y noBKuLIA [1]. Lli mpobmeMu MOXKYTh
OyTH 1MoJI0JIaHi 3a paxyHOK BrpoBakeHHs Ha ykpaiHcbkux TEC ta TELl TexHONOTH CHUTBHOTO
CHIAJTFOBAHHS BHCOKOMETaMop(]i30BaHOTO BYriLIs Ta TBepAOi OiomacH. 3acTOCyBaHHS TEXHOJOTIH
cninpHOTrO crniamoBanHa Oiomacu Ta Byruwisi (CCBB) mo3Boiisie 3HM3UTH BUKUIM BYIJIEKHCIIOTO
ra3y, ockinbku Oiomaca BBaxaerbcst CO, — HEUTPATBHUM IMATUBOM, CKOPOTUTH BuUkuau SO, 3a
paxyHOK 3HaYHO MEHIIOTO BMICTY CIpKH B 0iomaci, a TakoX 30JId - 3aBASKH HU3bKOMY BMICTY
MiHepalniB y Wil cupoBuHi. llle OJHUM MO3UTUBHUM YHUHHUKOM TYT € KOMIIGHCAIliS JIETKUMU
KOMIIOHEHTaMH OiOMacH Majoro BMICTy JETKHX Yy BHCOKOMeTaMop(hizoBaHOMY BYTULIi, IO
3HAYHO MOKPAIIYe YMOBHU HOTO 3arairoBaHHs.

Hapa3i BusIBUBCS HEIOCTATHIM OOCST 3HaHBb M0N0 (PI3MKO-XIMIYHUX MPOIECIB B3aEMO/IIT
aHTpaUUTy (YU IHIIOTO BUAY BYrULIs) Ta TBepAoi Oiomacu. Came 1€ 1 cTaio METOK J0CIiHKEHHS
HaMH CYMICHOTO TEPMOJI3y BYTUUI BUCOKOI cTafili MeTamMop(i3My i TMOHOBIIOBAHOT CUPOBUHU
BITYM3HSHOTO MOXO/KEHHS JUISi BUSHAYCHHS, 30KpeMa, OCHOBHUX IIJISAXIB B3a€MO/Iii KOMIIOHEHTIB
TBepAoi 6ioMacu 1 aKTUBHUX IEHTPIB OPraHiuHOi MacHu BYriUUIA MiJ 4ac TEPMOJII3Y SK MEepIIoi
cTajiii Oy/b-sIKOr0 TEPMIYHOTO MPOLIECY.

Jlnist eKcrepuMeHTIB 00paHO OIMH 3pa30K BHCOKOMETaMOp(i30BaHOTO BYTiLIs, sSIKEe Hapasi
BukopuctoByerbess Ha Jlapuunpkiii TEC, Ta 2 Buau 6iomacu (wheat straw— miieHHMYHa cojoma
(BM1), pine wood — nepeBuna (nienetu) cocau (BM2). O6uaBa 00’€KTH € BATOMUM BITYU3HSIHUM
pecypcoM MOHOBIIOBAHOT 010CHPOBUHU. XapaKTEPUCTUKU 00’ €KTIB MoAaHo B Tabm.1-3.

Tabnuys 1
XapakTepucTHKa BYTJLIA
Ipo6a %W* %A° %V & | %C® | o%H®™ | %N® [ opSs%f
IT
WA QAKEIBHOTO |y g 21,8 7,3 89.3 1.4 0.75 0.52
CIIaJIFOBAHHS
Tabnuys 2
TexHiYHMH Ta eJIeMEeHTHHH aHAJTI3M Giomacu
Biomaca, % w* N ve o c® [ g™ [ EN+O® | s® | c1f
[Tmenngna comoma (BM1) 7,6 8,9 81,8 50,3 6,24 433 0,17 0,07
Ieneru cocuu (BM2) 8,4 0,4 85,9 51,9 6,33 41,77 0,03 0,04
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Tabauys 3
KoMmnoneHTHHIA ckJIa] Aocimkenoi 6iomacu [4]

. Bwmict kommoHeHTy, %0
biomaca - —
Lentonoza Ieminentonosa Jlirain
CoJioma MIIeHHUII 30 50 15-20
Tupca cocHu 45-50 25-35 25-35

JocnimpkeHHs mepediry mporecy mipoiizy okpemoi 6i0cupoBUHH (coiomu mmieHuIl (wheat
straw (BM1) 1 cocuu (pine wood (BM2), a Takox iX peTeiapbHO MPHUTOTOBICHUX CyMIIIEH 3
ByriusiMm B criBBigHOmeHHI 1:1 mpoBenmeno B TepmoBarax Q50 ¢ipmu TA Instruments [2].
HarpiBanns npoBoamm no temneparypu 750 C B atMocdepi YMcToro a3oTy, NIBUAKICTh HArpiBy -
4 K /xB. KpuBi BTpatn Macu i MIBHAKOCTI BTpaTd MacH Bil TeMIEpaTypu mojaaHo Ha puc.l i 2.
Jlettoui mpoaykTu mipoinizy 3a pomnomoroto iHTepdeiicy TGA-IR nmepenaBamucs Ha CHEKTPOMETP
MIPOBOMIIACS 32 JOTIOMOTO0 TIporpamHoro 3ade3nedenHns OMNICO.

[TepeOir mipourizy cymimieit anTpauTy 3 6ioMacoro LIrocTpyroTh KpuBi [ pam-IlIminra (I'-1I)
[3] Ta TepmorpaBiMeTpHuuHi 1aHi puc. 1.

e Anitracyl_marzecO01 001 | 1
______ Blomasa_1_pwl 003
------ Aantracyl_blomasa_850_do_%0_marzec 001

Antracyt_mazes001,001
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200 400 500 B0
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Puc.1. Hopisuanns kpusux T u JTI" cymiweri 6iomacu 3 anmpayumom

I3 nmopiBusiHHA kpuBux ['-11I [3] 11t BUXigHOT 6ioMacH 3 KPUBUMM JUTS CyMillli aHTPALUTY 3
BM1 i BM2 BuaHo 3HauHe BigXuieHHs GOpMHU KpuBOi A aHTpauuty 3 BM1 Bin ¢popmu kpusoi
s cyminti A+BM2, ske cnocrepiraetscst Big 110 xB mo 170 xB. miponizy. Lle cBiquuth mpo
OUIBII 3HAYHUN BIUIMB HA TEPMOJAECTPYKIIIO BT XIMIUHUX CIOJIYK MIIEHUYHOI cosomu. [Ipu
upoMy KpuBi I'-111 11 BUXinHUX 3pa3kiB 6ioMacu BifpiI3HAIOTHCS HECYTTEBO.

Kinnesuii pesyaprar Tepmonizy (750 °C, 180 xB) (puc.1) BusBHB TOU (DaxT, 10 y BUIAIKY
cyminieil antpanuty 3 Oiomacor TBepamit 3anmmmok (T3) ans A+BMI(mmenuns) ckinagae
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48,17%, a po3paxoBaHHil 3a MPABUIIOM aIUTUBHOCTI CYTT€BO OUThIIUN — 57,54%; ne BIIXHUICHHS
BiJ aguTUBHOCTI ckiagae 9,37%. Jlns cymimi A+BM2 (cocHa) eKCiepuMEHTalIbHO BU3HAYEHUN
Bimcorok T3 criamae 51,64%, a po3paxoBaHWii 3a MPaBUIOM aTUTHUBHOCTI — 54,98%, T0OTO,
BIIXWJICHHSI BiJl TIpOCTOi CyMH BHXOAIB ckiamae 3,34%. Buxomauth, MO TiJ BIUIMBOM OLTHII
peaxIiifHuX KOMIOHEHTIB cymimi (ToOTo, OioMacw) 3pocTae i CTYHiHb TEPMIYHOI KOHBepCil
aHTpAINTy, TPU [BOMY OUIBII AKTHBHO B3a€MOMIIOTH OpraHiyHa Maca aHTPALUTY 1 COJioMa
nmenuni (BM1). Lle, 6e3nepedno, moBsi3aHO 3 0COOIMBOCTSIME KOMIOHEHTHOTO CKJaay Oiomacu
(Tab6mn.3), Ta iXHBOIO XIMIYHOIO CTPYKTYpOr. Bimomo, mo JirHiH € OUIbII TepMOCTaOUTLHUM
KOMIIOHCHTOM OiOMacH, HDK IeJUII0I03a 1 reminerunono3a [4]. Came HOro BHCOKHM BMICTOM
MOYKHA TIOSICHUTH OUTHII BUCOKY TEMIIEpaTypy OCHOBHOTO TEPMIYHOTO po3kiany cymimi A+BM2
(350° C) y nopiBrsiaHi 3 cymimmio A+BM1 (6ims 310° C). BizoMo Takox, mio 1isi IepeBHHH
COCHHU XapaKTepHHI BUCOKHI BMICT cMon (Bif 3 10 7% Mac.) - HalpuKIiIaj, HasBHICTE COCHOBOL
xuBHUIll (cknamaerscst 3 75% kanidom 1 19% ckunmmapy). st GiomMacu conomMu MIIEHHIT
XapaKTepHUMH € IHINT1 KIacH OpPraHiuHUX CIONYK [4], Taki sIK, HampUKJIal, MeKTHHOBI pEUOBUHH
Ta MEHTO3aHM, BMICT SKHX y COJIOMi y 2 pa3u OUThIINIA, HDK Yy CKJIaJl IepeBUHU cocHU. HaTtomicThb
BMICT CMOJIUCTUX PEYOBHH B COJIOMi y 3 pa3u HWKYHUH, a BMICT 30JIM B JEKiTbKa pa3iB BHUILIUI
(Tabmn.3), HDK Y COCHOBIN PEUOBUHI.

Jnst 3’sicyBaHHST OCOONMBOCTEH MMpPOIECY 1 MOBHEHHS 3HAHb LIOJ0 IMPOAYKTIB CYMICHOTO
TEPMOJIi3y OOpaHMX KOMIIOHEHTIB OTPHUMAaHO CHEKTpH JeTKuX pedoBuH (JIP), mo mpu mpomy
YTBOPIOIOThCS (pUc.2).

}co

water vapor

A+Bl1 —
A+B2 —

j

mixture of saturated,
} CcO,
Cc=C
mixture of
ethers, phenols
and alcohols
CcO,

unsaturated hydrocarbons

} water vapor

}
/} Car-H

3500 3000 2500 2000 1500 1000
Liczby falowe (cm-1)

Puc. 2. Cnexmpu FT-IR nemxux npooykmise anmpayumy 3 BM1 ma BM2

[TopiBHSHHS CHEKTPIB JIETKUX MPOAYKTIB BUXITHUX 0103pa3KiB 3 JIETKUMH pPEUOBHHAMHU
cyMilIei mokaszano, mo y cymimeBux JIP miBUIEHUI BMICT BOJIOTH, TIOB'SI3aHUMA 3 J10JIATKOBUMU
peakiisMi KOMIIOHEHTIB (BIPOTiAHO, TOJiKOHAeHcarii). [Hmr BiAMIHHOCTI y CKJIaJl JETKHX
PEUYOBHH, 1110 BUBUIBHAIOTHCS MPU TEPMOII31 CyMillle, y3araabHeHo y Tabnuii 4.

Tabnuys 4
Binnocni intencusnocri (1 x/2350) emyr nornmuanns (cm™') IY-cieKkTpiB JIeTKHX IPOAYKTIB
TepMoJIi3y 0ioMac Ta ix cyminnei 3 Byriiim

3pasok 3750 | 3700 | 3600 | 2900 | 2800 | 1750 | 1500 | 1380 | 1100 | 850 | 650
ITmennmi BM1 0,13 | 0,13 | 0,14 | 0,63 0,17 | 0,38 cl 0,11
Cymim A+ BMI1 | 0,58 | 0,64 | 0,64 | 0,12 | 0.16 | 0,94 | 0,90 | 0,22 | 0,30 cln 0,16

Cocuu BM2 - - 042 | 0,27 | 0,33 | 1,04 0,29 | 0,62 cln 0,77
Cymim A+ BM2 | 0,26 | 0,40 | 0,30 | 0,32 | 0,40 | 1,56 | 0,62 | 0,40 | 0,60 cln 0,80
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BunnHo, 1m0 HalOUIbII TOMITHI 3MIHU BiA0YBarOThCSI B 00JaCT1 TIPOKCUIBHOTO MOITIMHAHHS
(3’sBnsrOTECS y cyminteBux JIP mpu 3750-3600 cM™), kapGouinbHEX rpym (3 v = 1750 cM) B T4y
CKJaal KapOOKCWJIbBHHX, IHTEHCHUBHICTh SIKUX HIABUILYeTbcs y cymimax y 1,5 pasu, C=C —
apoMaTHYHUX (QparMeHTiB (MODIMHAHHA B oOmacti v = 1500 cm”! MPOSBISAIOTHCS TUTbKU y JIP
cymimeit). CroctepiraeThCsi MOCUICHHS MOTIIMHAHHS, 1MOB’s13aHe 3 BUunuIeHHsT CO,, ipu B3aemMo il
KOMIIOHEHTIB Cymimi (ToHKa cMyra B o6macti v = 650 cm) [5]. Bigsin meranbuuii anHaiz Gyne
3p00JICHO Y PO3IIUPEHUX MaTepiaiax JOMOBII.

[IpoBeneno MikpoaHaniz (METOJOM EHEProJUCIepCiiHOT PEHTTEHIBCHKOI CIEKTPOCKOTMIT
(Energy-dispersive X-ray spectroscopy (EIX) 3epen miponuzoBanoro Byriuist ta T3 cymimreid. 3
HUX BUJHO, IO B 3pa3zkax T3 Byruuist Hemae peduiekci, xapakrepHux s kamig (K). B Toii xe
yac Ha TOBEPXHI 3epHA 3 cyMimni Byruwist i conomu mmeHuni BMI ¢ikcyeTsest mik Kaiisi, B
OKpeMHUX BHIMaJKaX ITiIBUIICHUN BMICT KpemHio. Ha moBepxHi 3epen T3 antpamura 3 BM2
pedekciB kamis He 3HaijeHo. OYeBHIHO, CIOMYKH Kajil0 € TeHETHYHOIO HAJICKHICTIO
MIIEHUYHOT COJIOMH, SIKi NMPH yYMOBAaX TEPMOII3y CKOHIEHTpyBamucs y T3 cymimi y BUIISAL
ckopimr 3a Bce, cuiikariB (BMicT K>O y 3o0mi comomu - 11.75%). BincytHicts HaTpito 1 3amiza y
mipoJiizaTax CBiTYUTH MPO T€, II0 BOHM 3HAXOAATHCS Y CHPOBUHI y CKJIaJ[i MEHII TYTOTUIABKUX
CTOJTYK (MOJIMBO, SIK KApOOHATH, XJIOPUAN) Ta BUAAISIOTHCS B MPOILEC] MIPOITI3Y.

Bu3naueHo Ta po3paxoBaHO TEIJIOTH 3TOPSIHHSA KOMIIOHEHTIB Ta iX cymimei (Tadmn.5s).

Tabnuys 5
TenJioTH 3ropsiHHsI BUXiITHUX KOMIIOHEHTIB Ta cyMilei
Kanopiiinicts cymimi 1:1 (mac).

Hwuoxua Tenora . HeneTH. Ilenetn CKCIICPUMEHT PO3PAXYHOK
STOPAMHA Ha Byrimnt | muieHHui | cOCHu Byriuist + | Byruuis+ | Byriumsi+ | Byrimist +
pobouy macy BM1 BM2 BMI BMD BMI BMD

Qir , M JIx/xr 23,31 15,05 17,62 18,94 19,79 19,16 20,45

Qir , Kxan/kr 5563 3596 4211 4527 4729 4580 4887

[TopiBHSHHS pPO3PAaXyHKOBUX Ta EKCIIEPHUMEHTAIBHUX MaHWUX TEIUIOT 3TOPSHHS CyMiIIen
CBIIYMTH, 110 BIAXWJICHHS 3HAYCHb U CUCTEMHU BYI'UUISL — MIIEHUYHA COJIOMA JISKATh Y MexXax
+1% (BigH), U1 CUCTEMU BYTUJLISI — COCHA — B MeKax +2% (BifH).

Bu3HaueHi MOKa3HUKU KaJOPIMHOCTI TAKOrO KOMITO3UIIIMHOTO MaJliBa MOXKYTh OyTH B3STi
JUISL PO3paxyHKy PeXUMHHX IapaMeTpiB mpoliecy craintoBaHHs Ha icHytounx TEC.

OxpeMuii iHTepec NpH LBOMY BHUKIMKAIOTH JIETKI HPOAYKTH TEPMOII3Y, SIKI MOXYTb
MPEACTABIATH NEPCIEKTUBHY CUPOBUHY ISl IOAAJIBINIOT IEPEPOOKH Y HOBI I[IHHI IPOAYKTH.
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HOBITHI PO3POBKHU, JOCATHEHHS TA IPOAYKTHU
JIJIS1 HOKPALLIEHHA TEXHOJIOI'TI BYPIHHS TOB «ITAJTEX»

Anopin Ilywmax

TOB «lIAJITEX», : 08024, Kuiscvoka oba., Maxapiecvkuii pation, c. Hebenuys, eyn. Mupy, 6. 1/,

palteh@hotmail.com

Bracuuii Bu1006yTOK IPUPOAHOTO ra3y, Ta30BOro KOHJIEHCATY Ta Ha(PTH € CTpaTeriuHUM ISt

Vkpainu Ta HamioHaIbHOT OE3MeKH, aje HaKalb Ha CHOTOJHINIHIA JEHb BIACHUI BHUIOOYTOK €
HenoctatHiM. OCTaHHIM YacoM B CTajii po3poOKH Ta MPOEKTyBaHHS 3HAXOMUTHCS 3HAYHA

KUTBKICTh CBEP/UIOBUH Juisi OypiHHs. BypiHHS CBEep/UTOBMH OCOOIMBO HA 3HAYHI TNIMOMHU Ma€ Psif
TEXHOJOTIYHUX TpobOieM. Benwky wdacTuHy BUTpar mnpu OypiHHI CBEpUIOBMH CKIIaJae
BUKOpPHCTAaHHS OypoBUX poO3uuHiB. B cBOI0 dyepry OypoBi pO3YMHM TOBHHHI 33/JI0BOJBHATH

BUMOTaM HOPMAaTUBHUX JIOKYMEHTIB Ta 33JJ0BOJIHATH HACTYIIHI I[LITi:

>

YV V

OX0JI0/DKEHHS TIOBEPXOHb JOMIT 1 iX MameHHs. OCKUTbKM po0oTa Takoro oOagHaHHS
CYIPOBO/KYETbCS BUHUKHEHHSM BEJIUKOTO TEPTSA, OCHOBHUM NPU3HAYEHHSIM CKIANy €
3MalleHHs 1 3MEHIIEHHS TEMIEepaTypu, IO MiABUIIYE 3HOCOCTIHKICTE OypOBOTO
IHCTpYMEHTY.

OunmienHs 3a0010. bBimbIIicTh THMIB PO3YMHIB  JO3BOJIAE €()EKTUBHO BHMHUTH 3
CBEPUIOBUHH BHOYpPEHY TOPOAIY, & TaKOK BHMHOCHTH ii Ha MOBEpXHIO. SIKICTh 1 CTYIiHBb
OYHIIICHHS] BU3HAYAETHCS (PI3BUKO-XIMIYHIMHE BIIACTUBOCTSIMU CKJIaJy OypOBOTO PO3YHHY, a
TaKOK T€OJIOTIYHUMH OCOOJIIMBOCTSAMH, TOMY B IIPUTOTYBAaHHI MOTPIOHO BPaxyBaTH TAKOX
CKJIQJT TIOPIiJT POJOBHIIIA.

CTBOpEHHS 3aXMCHOTO OYMCHOTO IIapy Ha CTIHKax cToBOypa cBep/uioBuHH. DopMoBaHa
KipKka MOBHMHHAa MaTH Ma€ HEBUCOKY MPOHHUKHICTH, TOMy BOHA MOBHHHA 3a0e3IeuyBaTH
CTIMKICTh MOPIZ 1 PO3AUISATH CBEPATIOBHHY 1 IPOHHUKHI LIapH.

[TonepemxeHHs NpOsIBIB BUKUAY Ha(TH, ra3y 1 MJIaCTOBOT BOJIM.

3axucT BiJ OOBaiB CTIHOK, SIKI MOXYTh CTaTHCS B pa3i HasBHOCTI B CKJIaAl HECTIMKHX
MOPII.

[lle onHe mpu3HAYEHHS - 3a0€3MEeUYECHHSI BUCOKOT IKOCTI PO3KPUTTS TOPU30HTIB: OUIBINICT
BUJIIB CYy4YaCHHMX PO3YMHIB JI03BOJIA€ HE JOMYCTUTHU iX 3a0pyJHEHHS B mpolieci OypiHHS, a
TaKOK YHUKHYTHU TTOBHOTO 3aKYIOPIOBAHHS, 110 POOUTH pO3pOOKY CKIIAJHOIO.

BopoTr0a 3 mornuHaHHAMEU OypOBOTO PO3UYHHY.

3HIKEHHSI BUTPAT Ha (hiKcallito mapis Mopif 3a J0MOMOT00 00CaHUX KOJIOH.

OTpumaHHS JaHMX JUIS aHAI3y NpU PoOOTI PO3BIAYBAJIBbHUX CBEP/UIOBUH € OJHUM 3
JOMOMDKHHMX TPU3HAYEHb PO3UMHY; MPEAMETOM BHBUEHHS € IIaM, 1[0 BHHOCITHCSA 0
YaCTUHH TTOPOJIH.

[TinBuIeHHS CTIMKOCTI TPYO 1 yCTaTKyBaHHS JI0 KOPO3ii.

OcranHe mpuU3HAuUeHHS - 3a0e3MeYeHHs TEeXHIKM Oe3MeKH B MpoLeci po3poOkH 1
MIHIMI3aIlisl KO 1711 HABKOJIMIITHBOTO CEPEIOBUINA 1 €KOJIOTTYHOT 00CTaHOBKH palioHY.
B cBoto uepry OypoBi po3uMHM MOXHA KJIacU(iKyBaTh HACTyITHUM YHHOM:

1. Boani po3unHy, SKi AUTATHCS Ha!

- 6e3rmuHMCTI OypOBI, Taki, SIK 3BUYaiiHa TEXHIYHA BOJA, PI3HOTO POAY CYCHEH31i 1 pO3UYMHU

Ha TOJTIMEpHii OCHOBI 1 Tak Jai;

- DIMHMUCTI PO3YMHU HA OCHOBI MiHEpasli30BaHOi ab0 MPICHOI BOJAM, a TaKOK PO3YMHH, B

CKJIaJll IKUX MPUCYTHI TiIC, IMTMHUACTI YACTUHKU 1 XJIOPH1 €JIEMEHTH.
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2. Po3urHM Ha HEBOJHUX OCHOBAX:

- BYIJIEBOJIHEBI CIIOJIYKH;

- Ha()TOTIPOTYKTH 3 MiHIMAJIBLHUM BMICTOM Ta3y.

3. [linu 1 aepoBaHi piAUHH.

4. PeareHTH, 1110 3HAXOAATHCS B Ta30MOI0OHOMY CTaHI.

Jlnst 3MEHIIEHHsSI CHEePreTHYHUX BHUTpAT MpH OypiHHI Ta 3HIKEHHS KOCQIIIEHTY TepTs
OypWJIBHUX JONIT 1 BIAMOBIAHO 3MEHIICHHS iX 3HONIYBAaHHS, OypOBHH PO3YMH Ma€ BOJIOJITH
XOpOIIUMH MAaCTWJIBHUMH  BJAacTUBOCTSAMHU. Jlmst 3a0e3medeHHss MOTPIOHUX MAaCTHIIBHUX
XapaKTEPUCTUK IO OYPOBHX PO3UYUHIB JIOJAIOTHCS CHEIialIbHI MACTHIIbHI TPUCAIKH.

TOB «Ilantex» mnpomoHye BUCOKOS(HEKTHBHY MacTWibHY mpucaaky InnoLube E s
OypOBOTO PO3YHHY.

InnoLube E nepeBaxkHO 3acTOCOBYETHCS B Tpolieci OypiHHS, B CHUTYAIlisX, KOJIU MOXYTh
BUHUKATH MPOOJIEeMH, TIOB'13aH1 31 3HWKEHHSAM KPYTHOTO MOMEHTY a00 31 3HHKEHHSM 371aTHOCTI
nepeMilIeHHs: OypHIIbHOT KOJIOHH.

[Mepesaru InnoLube E:

* e(heKTUBHUI [T 3aCTOCYBaHHS y BCIX THIAaxX OypOBUX PO3UYHMHIB HA BOJHINA OCHOBI;

* HE B3a€EMOJIIE 13 TYMOBUMH YILUTbHEHHSIMU;

* HECTOKCUYHU;

* BOrHEOE3ICUHMIA;

* BUOyX00e3neyHHii

* He TOTpedye 0COOMMBHX 3aX0/1iB OS3MEKH MPU TPAHCTIOPTYBAHHI.

TOB «IlanTtex» NpOMOHYE TaKOXK BHCOKOC(HEKTHBHI KOMIOHEHTH 10 OypOBUX DPO3YHHIB
FRAC-ATTACK, STRATA-VANGUARD Tta STRATA-FLEX.

FRAC-ATTACK® € rany3eBUM pillIEHHSIM JJIs1 TIOTIEPE/PKEHHS BEJIMKUX BTpaT OypoBOTO
po3unny. FRAC-ATTACK® - me mBHAKOMIIOUMI 1 HAI3BUYAWHO EKOHOMIUYHO €(QEeKTHBHUIMA
peareHT Ui 3arnoOiraHHs BTpaTd OypOBOTO PO3YMHY B 0ararhbOX BUAAX CBEPIJIOBHH 3 PIZHUMH
po3iIoMaMu, HECTaOUTPHUMH YTBOPEHHSIMHM, CIA0OKMMH KaHAJaMH 1 DIMOMHHMMHU TPOPHBAMHU.
FRAC-ATTACK® 3wMimyerbess 3 OypoBOi BOJIOIO 1 CyMICHMH 3 ycCiMa THUIIaMU TipaBIIYHUX
CHCTEM.

FRAC-ATTACK wmae psia nepesar:

* oKkpaurye GopMyBaHHS TBEPAOT CTPYKTYPH, KA BUTPUMYE MEPENaan TUCKY;

* HAQJ3BUYAaHO EKOHOMIYHO €()eKTUBHHUI;

* BUKOPUCTOBYETHCS B CBEPAJIOBUHAX 10 BCHOMY CBITY;

* 3Ba)KCHA 1 IAKETOBaHA CYMIll TOTOBA Biipa3y A0 BUKOPHCTAHHS;

* HE MOTpedye MONepeaHbOI MArOTOBKH;

* HE BUMarae JI0JIaTKOBUX J00aBOK (aKTHBATOPIB, MPUCKOPIOBAYIB, CIOBLIHHIOBAYIB);

* JIETKO 3MINIYEThCS 3 OypOBOI BOIOIO HE3ANEKHO BiJl CyCTeH311

* 3MIIIY€ETHCS B 3BUUAHUX €MHOCTAX (HE MOTPIOHO CrelialbHUX 3MIITyBaTbHUX €MHOCTEH,
obmamHaHHs 260 HAcOCIB)

* HE MiJIa€ThCsl BIUIMBY nepenajiB piBHs pH i Temneparypu.

STRATA-VANGUARD®  sBnsge  co00l0  yHIKaJbHY  CyMIII ~ HEOPraHIYHUX
TePMETU3UPYIOIIUX 1 BSDKYYHMX PpEAreHTiB, SIKI BUKOPHUCTOBYIOTBCS B SIKOCTI IHHOBAILIHHOTO
MIX0AY 0 MEePBUHHOI MPOOIEeMH MOTTTMHAHHSA OypOBHUX PO3UUHIB.

STRATA-VANGUARD® cneuianbHo Oymna po3pobieHa kommaHiero Strata s
e(eKTUBHOIO 3B'SI3yBaHHs 1 TepMeTH3allil IUIACTIB MiAJAIOThCA CHIBHOMY HPOHUKHEHHIO,
He30alaHCOBaHUX YTBOPEHb a00 TipaBiIiuHO-1HAYKOBAaHUM PO3JIOMIB.
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STRATA-VANGUARD® wmae psiyt iepesar:

* TOMOTEHI30BaHI 1 ylakoBaHa CyMIII;

* BUKOPHCTOBYETHCS 3 yCIMa PIIKUMH CHCTEMaMU;

* 3MIIIYEThCA 3 PIAMHAMH, K1 3aCTOCOBYIOTHCS 1J1 OypOBOTo 00J1aHAHHS

* 3 BukopuctanaiM STRATA-VANGUARD® Binmamgae HEOOXiIHICTP BUKOPHUCTAHHS
IHIIIMX peareHTIB JIs 3an00IraHHs IMOTJIMHAHHS OYpPOBOTO PO3YHHY.

* 3MCHIIYE TPAHCIIOPTHI BUTPATH 3 JOCTABKH 1 TMOBEPHEHHIO 3AJIMIIKIB PEAreHTIB IS
3ano0iraHHs MOIIMHAHHS OypOBOTO PO3UHHY.

* EKOHOMHUTB Miclie st OypoBOTO 0O JHAHHS Ta MIHIMI3y€ BIIXO/H;

* EKOJIOTIYHO Oe3MeYHMiA i HETOKCUYHHM MPOJIYKT.

STRATA-FLEX® - yHiKanbHWI, TOHKO JHCIEPCHUH, IHEPTHHHA, EJIaCTOMEpPHUIA
yUIUTbHIOIOUMKA Marepian. JlaHuii marepiaq Mae BHCOKHH CTYMiHb CTHCHEHHS 1 BHCOKHUMH
nepopMaliiHIMH BIACTUBOCTSMH, a TAaKOXX BUCOKOIO MILHICTIO Ha PO3TAT M 3CYB. 3aBISKU ITUM
BnacTuBoCTIM STRATA-FLEX® edexTrBHOTO Mpalioe 3a MeKaMH TOKa3HUKIB, SIKi MOKa3yloTh
MOIIUPEHI Marepiaid 3 BOJOKHHUCTOIO CTPYKTyporo, ockimbku STRATA-FLEX® 3parna
BUTPUMYBATH BUCOKI Iepenagd THCKY IPU repMeTH3alii MIKpOTPIIUH Ta YIIUTBHEHHS TMICKIB 3
Bucokoro mpoHHKHICTIO. STRATA-FLEX® BuKOpUCTOBYETBCS [UII KOHTPOJIIO BTpaT NpHU
iH}IBTpaIlii B BHPOOICHUX IJIacTaX, 3armo0irae pi3HUI HAIWIAHHS ¥ MOTIMHAHHS OypOBOTO
po3unny. STRATA-FLEX® BxoauTs B HACTYITHI MMOKOJIHHS MaTepiaiiB UL PiAMH Ta CyCHeH3IH.

STRATA-FLEX® wmae psin CyTT€BUX IepeBar:

* 3aro0irae pi3HUII HATUTIAHHS;

* FEPMETU3YE MIKPOTPIIIMHH;

* BUKOPUCTOBYETBCS SIK JIOIaTKOBHH 3aci0 mpu 3armobiranHi BTpaTr OypoBOro pO3UnHY;

* Ma€ BHCOKY MIIHICTh Ha PO3TATHEHHS 1 3CYB;

* BOJIOJII€ BUCOKUM CTYIICHEM Ha CTUCHEHHS 1 1e(hopMalliio;

* XapaKTepPHU3YEThCS BIIMIHHUMU YIIUTBHIOBAIBHUMH BIIACTHBOCTSIMH;

* EKOJIOTIYHO O€3IeYHUN U HETOKCUYHUIA,

* HE yIIKO/DKye OypoBY amaparypy.

TOB «llantex» mnpomoHye OypWJIIBHUM KOMIIaHISIM OaraTOKOMIOHEHTHI CKJIAAW JUIst
MIPUTOTYBaHHS BHCOKOC(EKTUBHHX OypOBHUX PO3YMHIB i3 BHUKOPHCTAHHSIM OCTaHHIX PO3pOOOK
Pure-Bore® ta Pure-Bore® LV.

Pure-Bore® - 3apeectpoBanmii (CEFAS — LlenTp HaykOBUX JOCITIKEHb B 0071aCTI OXOPOHU
HaBKOJIMIITHBOTO CEPEIOBUINA, pUOATLCTBA 1 AKBaKYJIBTYpH), CXBaJleHUH 3rinHo 3 [IpaBunamu mpo
BOJIOTIOCTAYaHHs, MPUPOJHUN OypoBHM po34MH, IO OIOPO3KIATAETHCS, SKUM Moxe OyTH
BUKOpUCTaHUH B psai OypoBux omeparii. CroemiagbHO po3poONeHHH, CyXHil, PIIKOTEKY4IHi
nosimep Pure-Bore® 3abesneuye uynoBy cTabUIbHICT cTOBOYpa CBEP/UIOBUHH 1 BUHOC IIJIaMy B
PI3HUX TOPOJIAX.

Pure-Bore® LV — 1e HaTypajdbHUI, EKOJOTIYHO HEMIKIIIUBUN, SKUHA MiIIa€ThCS
610p0O3KJIay CKJIaJ, CTBOPEHUHN 3a TEXHOJOTIEI0 HOBOTO MOKOJIHHS, SIKa MOXKe OyTH BUKOPUCTaHA
B IIUPOKOMY CIEKTpi CKIaAHUX yMoOB OypiHHs. IIpu mnpurotyBanHi po3unmny Pure-Bore®,
HaHOXIMIYH1 BracTuBOCTI Pure-Bore® LV 3a0e3neuyrorh MiBUILEHHS CTYIEHS TrepMeTH3awii
IVIMH 1 CTIAHIIIB, @ TAKOK KOHTPOJIb MOINIMHAHB OYpPOBOTO PO3UUHY.

Pure-Bore® LV migcwitoe XapakTepUCTUKH CUCTeMU po3unHy Pure-Bore® B
npoTu3aliiiHii YacTUHI MJacTa, a TaKoX J03BOJISIOTH OJHOYACHO KOHTPOJIIOBATH €KBIBAJIECHTHY
HUPKY/SILiAHY muibHICTh. CHcTema poszunHy Pure-Bore® 3abe3mneuye BHCOKY CTaOUIbHICThH
cTOBOYypa 1 BUHOC LIUIaMy B PI3HUX CKJIAJHUX F€OJIOTTYHUX YMOBAX.
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BIIVINB ITPUPOIN OPTAHIYHUX PO3YNHHUKIB
HA TPUBOTEXHIYHI XAPAKTEPUCTHUKU IHAYCTPIAJIBHUX OJINB

Anamoniii Pancokuii*, Onvea I' opdiemcol, Tapac T imoe’,
Hamans Jlidenxo®, Onekcanop I ymermylc3
1BiHHuL;bKuL7 Hayionansbrul mexuiunuil ynisepcumem, 21021, m. Binnuys, Xmenrvnuyvre woce, 95,
ranskiy@gmail.com
2BiHHuL;bKuL7 HayioHanbHul meouunutl yHieepcumem imeni M. 1. [lupocosa,
21018, m. Binnuys, eyn. Iupocosa, 56
*Binnuybruii HAYK0B0-00CNIOHUL eKcnepmHo-Kpuminanicmuynut yeump MBC Yipainu,
21021, m. Binnuys, syn. B. [lopuxa, 8

Panime vamu [1] Oynu mpoBeseHi IPYHTOBHI JOCTIHKEHHS TPUOOTEXHIYHUX BIACTUBOCTEH
(1g, fip) MacCTHIBHMX KOMITO3MIIIH Ha OCHOBI IHIYCTpIiaJIbHHX OJIMB Ta OPraHIYHHUX IOJATKIiB i3
KJacy TioamimiB Ta ix Mmeran-xenartiB. B paMkax ¢yHIaMEHTaIbHOI 3aJeKHOCTI «CTPYKTypa —
BJIACTUBOCTI» BIepIIe OyJI0 TMPOBENCHO aHalli3 3aJIeKHOCTI EKCIUTyaTallifHMX XapaKTepPHCTUK
MACTHJIbHUX KOMITO3UIIIA Bif CKJIaay Ta OyloBH TioaMigiB Ta KOOPAMHAIIMHUX CIIONYK
kynpymy(Il) Ha ix ocHOBI [2]. Tak, Oy70 BCTAHOBJICHO, IO CTPYKTYPHI OCOOIUBOCTI IO CIIIHKEHIX
JOJATKIB CYTTE€BO BIUIMBAIOTH HA €(EKTHBHICTH pOOOTH BY3IIB TEPTS B PEXKHUMI BHOIPKOBOTO
nepeHeceHHs [3]. B mponoBxkeHHS HUX pOOIT HAMH JOCITIPKEHO YTBOPEHHSI KOOPAWHAIIHHUX
cnonyk kynpymy(Il) mpu aktuBaiiii MeraneBHX MOBEpXOHb mapu TepTs «OpoH3a bpAXK 9-4 —
cranb 45» B MPUCYTHOCTI PO3LMIMPEHOTrO KOJIA OPraHiYHUX JOJATKIB, SKi CYTTEBO MOKPAIIYIOTh
MPOTU3HOUIYBaJIbHI Ta aHTH(PPHUKIIIIHI BIACTUBOCT1 MACTHIILHUX KOMITO3HIIIH.

Mertoro mociipkeHHST Oyllo BCTAHOBJICHHS PO3YMHEHHS METaleBoi Miai B TPHOOXIMiuHIM
cuctemi «Oponsa BpAX 9-4 — opraniunmii nogatox — onusa [-20A — ctanb 45» Ta yTBOPSHHSI IMiJ
Ji€10 OpraHiYHUX JOJATKIB 1 MEXaHIYHUX HAINpyKeHb KOOpAWHAIIHHUX cronyk kynpymy(Il), siki
CYTTEBO TOKPAIIYIOTh TPUOOTEXHIYHI BIACTUBOCTI MACTWJIBHOTO cepefoBuiia. llpuroryBaHHs
MaCTHJIBHIX KOMIIO3UIIIN Ta METOMKA JIOCIIKCHHS HaBeleHl B poOoTi [4]

Pozuunenns memanis nio 0ie€ro anpomoHHUX POZYUHHUKIE 8 Napi mepmsi KOPOH3d — CIMAIbY.
[MuTanHiO pO3YMHEHHS (OKMCHEHHS) METaJiB B alpOTOHHUX PO3YMHHUKAX B HAYKOBIH JliTeparypi
MPUCBSYCHA 3HAuyHA KUTbKICTh poOiT [5]. Tak, B poboti [6] HeomHOPa30BO BiI3HAYANIOCH, IO
OKHCIIIOBAIbHA ~ PO3YMHHICTH ~ METalliB, TOOTO MpPSIMHHA CHHTE3 METAJIOOPraHIyHUX 1
KOOPIMHALIMHUX CIOJYK, BU3HAYAETHCSA SIK TNPHPOJOI0 MeTany (moTeHuiasoMm ioHizamii U,
CTaHJAPTHUM OKHCHO-BIJHOBHHM MOTEHIIAJIOM goo, pPE30HAHCHUM TOTeHIiamoM Iy), Tak 1
MPUPOIOI0 OPTaHIYHOTO ANMPOTOHHOTO PO3YMHHUKA (AUMOJIBHUM MOMEHTOM K, JIENEKTPUYHOIO
MIPOHUKHICTIO e, noHopuuM 4uciaoM (DNgycis). B poGoTi [7] koHcTaryeThbesi, MO IIBMIKICTH
okucHeHHs MeraniB W 3anexuTs Bif JoHOpHMX 4ncend DNgycl; OpraHivyHMX pO3YMHHMKIB 1 Mae
eKcTpeMallbHuil Xapakrep, T00T0 Mae micue 3anexHictb W = f (DNspcis). Lle MoskHa nosicauTH ix

BUOIPKOBOIO a/1COPOIIi€l0 HA MeTaleBUX MOoBepXHAX pizHoi mpupomu. Tak, B. IT. Kynpinum [8]
Oylia BCTaHOBJIEHA 3AJICKHICTh aJCOPOLii OPraHiuHUX PEYOBMH (PO3YMHHHUKIB) Ha Miai Ta OpoH3i
BiJl X pe30HAHCHOTO MOTeHIiany (/r), sika TaKOXK Mae MOAIOHUHI eKCTpeMalnbHul xapakTtep. TooTo,
MOXKHa KOHCTAaTyBaTH, IO MUK JOHOPHOIO CHJIOK OpraHidHux po34MHHHUKIB (DNspcig) 1 X

pE30HAHCHUMH TOTeHUianamu (/;) IiCHye TpsAMHI 3B'SI30K, KO aAcopOlLlis OpraHidHuX
pEUOBHH (PO3UMHHMKIB) Ha MeTaleBiil TMOBEpPXHI, OKUCHEHHS MeETaliB Ili€] MOBEpXHi 3
YyTBOPEHHSIM KarioHiB M" 1 BIpOTiAHICTh iX KOMIUIEKCOYTBOPCHHS B PO3YHMHI € MAKCHMAIBHOO
(moTpiiiHMi YMOBHUH «PE30HAHC») 1, BHACHIIJOK IbOT0, Mapa TEpTs Mae€ MIHIMaJabHI 3HAYECHHS
3HoIyBaHHA (Ig) Ta kxoedinienty teprs (f.,) y Bumaaky BUKOPHUCTAHHA TaKMX TPHOOXIMIYHUX
CHCTEM.
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B 3B’s13Ky 3 Bullle 3a3Ha4€HUM, HaMH Oyra JOCIKeHa TpuOoxXiMiuHa cucteMa «Ooponia bpAXK
9-4 — opraniuauii nogatok — onuBa [-20A — cranb 45» Ha mpeaMeT YTBOPEHHS KOOPAMHAIIMHUX
cnonyk kynpymy(Il) mim mi€r0o MexaHIYHOTO aKTHBYBAaHHS METAJEBHX TOBEPXOHb Mapu TEPTS Ta
opraniyHux aomarkiB. OcTaHHI CKIamam psj croiyk (Tadm 1), siki paHilie BUKOPHUCTOBYBAIHCH
HAMH BHKIIOYHO SIK OpraHi4HI PO3YMHHHUKH ISl TIEPEBENCHHS MAIIOPO3YMHHUAX METall-XeJaTiB
kynpymy(Il) 3 Tioamimamu pi3HOTO 3aMillIeHHS B TOMOTCHHUH PO3YHMH OJIMBH. TaK, HANPUKIAJ, B
pobGoTi [9] OyB BHKOpHCTaHWE IMIIPONUIOBHI ecTep ImaBieBoi kuciotd. OnHak, B JaHid poOOTi
OprafiuHi JOAATKW (PO3YMHHUKH) OyaM MOCIIKEHI HAMH B TIEPUIY 4Yepry sK XiMIYHO aKTHBHI
CKJIAJIOBi, IO CHpPUSIOTH YTBOPEHHIO KoOpauHAIiiHUX croiayk Kynpymy(II) Ta cyrreBomy
MOKPAIIEHHIO TPHOOTEXHIYHUX XapaKTEPUCTHK JIOCITIPKEHUX MACTHIILHUX KOMITO3HIIIH.

Tabauys 1
CxJiax MacTHIbHUX KoMmno3uliid «osuBa [-20A + opraniyHuii po3yHHHHKY,
iX (pisuyHi, TPOTH3HOMIYBANbHI Ta AHTH(PPUKIiNHI BJACTHBOCTI
= . . . TpuborexHiuHi
= CxJ1aJ1 KOMITO3HITIT ®Di3uuHI BIaCTUBOCTI .
s BJIACTHBOCTI
8 " v
S | Opranivuauii pO3UNHHHUK Bbazosa w, Kotm N DNgse,
Z % ONMBa 30 € ’ Iy, Mr fr
< Ha3Ba vac L-20A x 10 K JI>x/MOJIb
JUTIPOIITOBUN
1 ecTep LIaBiIeBol 3,0 o 100 - - 60,00 0,5106 0,32
KHCJIOTH

2 eTHJIaleTaT 3,0 o 100 6,03 18,51 71,57 0,3215 0,23

TXM 1,5
3 MDA 15 1o 100 - - 84,00 0,2128 0,19
4 MDA 3,0 g0 100 12,70 36,7 111,33 0,0928 0,12
5 JAMCO 3,0 1o 100 13,03 48,9 124,73 0,0733 0,10
6 1-20A 100 - - - - 0,6004 0,42

[pumiTtka. JlocmiukeHHs TPUOOTEXHIYHUX BJIACTMBOCTEH MAaCTHIBHMUX KOMITO3MIIN 1-5 mpoBomunm mpu
KOHTaKTHOMY HaBaHTakeHH1 8,0 MITa B mapi tepts «Oponza bpAXK 9-4 — crans 45» 3a Temneparypu 25 °C npoTtsirom
3 romuH.

HaBeneni B Tabn. 1 maHi MOKa3yloTh, IO Kpalli eKCIUTyaTauiiiHi Xxapakrepuctuku (I, frp)
MaloTh MACTUIIbHI KOMIIO3UIlll, O CKJIaJy SIKHX BXOJWJIU OpraHiyHi [OJaTKu 3 BHUCOKHMH
3HAYEHHAMM €J1eKTPOHON0HOPHOT akTHBHOCTI (DNgyci). Tax, monmasanns no IM®PA (DNspers =
111,3 xJx/momb, koM. 4) Takoi x KitbkocTi TeTpaxnopmerany (DNspeis = 0,0 kJlx/Momb, koM. 3)
NPUBOJIUTE JI0 3MEHIIEHHs 3araabHoro 3HadeHHs DNgyci; cuctemu Ta 10 CyTT€BOro NOripiieHHs
TPUOOTEXHIYHUX XapakTepuctuk /gy ta fr,, Bimmosimno, B 2,3 Ta 1,6 pasu. Cnmix BigmiTHTH, IO
nonarkose posbasneHHss [IM®PA na 50 % terpaxmopmeranoMm (DNSbCls = 0 x/[x/mMomnb) 3HMKYE
3arajbHe 3Ha4eHHs JOHOPHOI aKTMBHOCTI (DNgycis = 84,4 kJlx/Monb) Ta 3011bIIyE 3HOLIYBaHHS B
1,6 pasu nopiBHSHO 3 «uucTuM» JIM®DA, 1m0 11e pa3 MATBEPIKYE BAXKIUBY POJIb APOTOHHUX
PO3YMHHUKIB Ta IX JOHOPHY aKTHBHICTh IPU PO3YMHEHHI (OKMCHEHHI) MeTaliB. ToOTo, MIBUAKICT
OKHCHEHHS METalleBOi Mifi, fKa BXOAUTH A0 ckiamy OponHsu BbpAX 9-4, Bu3HayaeThCcs SK
€JIeKTPOHOJIOHOPHOIO akTHBHICTIO opraHiynux joxatkiB W = f (DNspcis), Tak i ix BuOipkoBorO
ajicopOirieto (pe30HaHCHUMHU TIOTeHITiasIaMK) Ha Opon30Biit moBepxui W =f (I;) [8].

Jocniooicennss npomusHOULY8AIbHUX MA AHMUGPUKYITHUX 61ACTUBOCTEN NaApu mepmsi
KOPOH3a — CMALY 8 NPUCYMHOCMI OP2AHIUHUX 000AMKI.

Binomo [5, 9], o B mapi TepTst «OpoH3a — CTajby) MEXaHIYHUN BIUIMB TEPTS MPUBOJUTH HE
JuIIe A0 3HOIIYyBaHHS 1 TOBEPXOHb, @ 1 3a HAasABHOCTI B MAaCTHJIBHOMY CEpEIOBHIII
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KOMILJIEKCOYTBOPIOIOUMX PEAreHTiB — JI0 YTBOPEHHS PI3HHUX 3a CKJIaJ0M Ta CBOEH OyIOBOIO
METAJIOKOMIUIEKCHUX CIoNyK. Brepiire 1ie siBuiie Oyno 3agikcoBaHO B Mapi TEPTS «MIIHUM CIUIaB —
CTaJlb» B INILEPHHI, A€ OCTaHHIA, OKHUCHIOIOUNCH, K JIraH[, YTBOPIOBAB CKJIaJHI METaJIOKOMII-
JIEKCHI CroNykd. HacTymHUMU HarmoJIerMBUME JIOCHIDKEHHSIMHE IIi€1 TTapu TepTS B MPUCYTHOCTI
N-, O-BMICHHX OpraHi4HUX JiraHaiB OyJ0 MiATBEP/KEHO YTBOPEHHS KOOPIUHAIIHHUX CHOIYK
kynpymy(Il), HasBHICTP SKHX CYTTEBO TOKpallyBajda TPHUOOTEXHIYHI BIACTUBOCTI MAaCTHUIHLHHUX
kommo3uiii [5]. To6ro 3meHmeHHs 3HOmyBaHHS (/) Ta koedimienty teprs (f.,) omHO3HAYHO
MOB'SI3YBAJIA 3 OKUCHEHHSIM METAJIB Mapu TEPTS B MAaCTUIHHOMY CEpPEOBHINI Ta YTBOPEHHSIM iX
KOOPIMHALIIHUX CITOJTYK.

OTpuMaHi HaMu pe3yabTaTH JOCHTIIPKEHb INPOTHU3HOIIYBATHHUX 1 aHTUPPUKIIHHUX
BJIACTUBOCTEH MACTWJIBHHUX KOMIO3MMIid 1-5 (tabm. 1) B mmpoxoMy jiarma3oHi KOHTAKTHUX
HABaHTAXXCHb HABEJICHO, BIAMOBIIHO, B Ta0xn. 2, 3 i mogani rpadiuno Ha puc. 1. [lani, mo HaBeneHi
Ha puc. la cBiI4aTh mpo Te, MO B Jiana3oHi KOHTAKTHUX HaBaHTaxeHb 4—24 Mlla macTwibHI
KOMITO3UIIii, IO CKJIaay SIKHX BXOJAATH OPraHIYHI PO3YMHHHUKH 3 BUCOKMMHU 3HAUEHHSIMH JIOHOPHHUX
uncen DNgyci5 (komMnosuwii 4, 5), marots B mapi Teprs «Oponsa bpAJK 9-4 — crans 45» Halikpamii
MIPOTH3HOIIYBaJIbHI BIACTHBOCTI, IO OJHO3HAYHO BKa3y€ Ha BUPIMIAIBHY pPOJb JOHOPHOL
aKTMBHOCTI OPTaHIYHHUX AanpOTOHHUX PO3UYMHHHKIB TMpPH OKHCHEHHI Mial B CKiIaai OpOH3M.
Bu3HavanbHMN BIUIMB JTOHOPHOI aKTUBHOCTI OPTraHIYHUX PO3UYMHHHKIB B CKJIQAI MAaCTHIIBHUX
KOMITO3MIII Ha 3MEHIIEHHS 3HOIIYBAaHHS 3aJHMINAETHCA O3 3MiH HE3aJEeKHO BiJ KOHTAKTHOTO
HaBaHTaxeHHs (4—24 Mlla) B mociipkeHii mapi Teprs.

. Igmr 6
1.0 € 0.6 1o
0.9 .
0.8 0.5
0,7
0.6 1 0.4
0.5
0.4 :
03 A
0.2 0.1 ' 3
T e 3
0.1 - e~
T gt
0,0 4 0,0 + e
4 8 12 16 20 24 ' 3 12 16 20 24
P, MIla P, MIla

(a) (0)
Puc. 1. 3anesxcnicmo snowysanns (a) ma koeghiyienmy mepms (0) 6i0 KOHMAKMHO20 HABAHMAICEHHSL
6 napi mepms «opownsa bpAXK 9-4 — cmanv 45» 3 macmuibHor KOMNO3UYIENO
«onuea 1-204 + opeaniunuii pozuunnur» (t =25 °C, 7= 3,00 200):
1 — ounponinosuii ecmep waesnesoi kuciomu, 2 — emuiayemam, 3 — TXM : JIM®DPA =1:1;

4 — JIM®DA; 5 - JIMCO; 6 — «yucma» orusa I-204

BeranoBnena Takok MOZiOHA 3a€XKHICTh 3MEHIIEHHS KOEQIIIEHTY TepTs BiJ 30UIbLICHHS
JIOHOPHOi AKTUBHOCTI OpPraHIYHMX anpOTOHHUX PO3YMHHHUKIB B Jliara3oHi HaBaHTaXeHb 4—
24 MIla st JOCHIKEHUX MAaCTUIIBHUX KoMIo3uLii (puc. 16). Ciig BiAMITUTH CYTTE€BO MEHIIHUHA
Jiara3oH 3MIHU 3HaueHb KOE(IlliEHTY TepPTS B O3HAYCHOMY Jiala30HI KOHTAKTHUX HAaBAaHTa)KEHb.
OdeBHUAHO, 1O 1I€ TIOB’S3aHO 3 IHIIUM MEXaHI3MOM aHTU(QPUKINIHHOT A1l CKIIaIOBUX KOMITO3HIIIN
1—5 MopiBHAHO 3 MEXaHI3MOM MPOTU3HOLIYBAJIBHOT JIii IIMX K€ PO3UMHHUKIB.
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Tabauys 2 Tabauys 3

IIpoTn3HOmMYyBaANIbHI BJACTUBOCTI MACTHIBLHUX AHTHGPUKIIHHI BI1aCTHBOCTI MACTHIBHHUX
komno3uuiii «ojuBa [-20A + opraniunmii komno3uuiii «osusa [-20A + opraniunuii
PO3YMHHMK» NMPHU Pi3HUX KOHTAKTHHUX PO3YMHHHMK» MPHU Pi3HUX KOHTAKTHHUX
HABAHTA’KEHHSIX HABAHTAKEHHSIX
3HoIyBaHHA 3pa3ka Iy, MI° KoedimienT teprs f
Komro- Y P Ea Komro- Pin PTA T
. IpU KOHTaKTHOMY TUCKY P, MIla . IIpU KOHTAaKTHOMY TUCKY P,, MIla
33U 3UI1A

4 8 12 16 20 24
1 0,4134] 0,5106| 0,5747] 0,6933| 0,8892| -
0,2200| 0,2856 | 0,3805| 0,4301 | 0,5408| 0,6647
0,1402 | 0,2008 | 0,2567| 0,3200| 0,4001| 0,5066
0,0433] 0,0928 | 0,1867| 0,2534| 0,3332] 0,4607
0,0267| 0,0733 | 0,1005| 0,1800| 0,2267| 0,2940
0,6003 | 0,6004 | 0,7406| 0,9002 - -

4 8 12 16 20 24

1 0,41 10,32 | 0,33 | 0,51 | 0,96 | 1,41
0,37 10,23 | 0,19 | 0,27 | 0,48 | 0,80
0,34 10,19 | 0,15 | 0,21 | 0,40 | 0,63
0,29 1 0,12 | 0,06 | 0,08 | 0,19 | 0,41
0,27 1 0,10 { 0,03 | 0,05 | 0,15 | 0,32
0,38 1 0,42 | 0,49 | 0,52 | 0,52 | 0,56

AN | |[W N
|| bW

Takum YMHOM, MIICYMOBYIOYM BUIIC HaBEICHE, MOXKHA 3pOOWTH HACTYITHI y3arajJbHEHHS Ta
BHCHOBKH:

— OpraHi4Hi JI0JIaTKH, SIK TIOTEHIIIIH1 KOMIUIEKCOHH, IPUIMAlOTh aKTHBHY yJacTh B (pOpMyBaHHI
TPAaHUYHOTO TIOBEPXHEBOTO IIAPYy Mapu TepTs «OpOH3a — CTallby Ta BIUIMBAIOTH Ha 1i TPUOOTEXHIYHI
BIJIACTHUBOCTI,

— CYTTEBE MOKpAIIEHHS TPUOOTEXHIYHHUX BIACTUBOCTEH (g, frpy) mapy Teptst «OpoH3a — cTanb) Ha
0a3i iHIyCTpiaJbHUX OJMB BU3HAYAETHCS YTBOPEHHSIM KOOpAMHAIIHHMX cronyk Kympymy(Il) 3
MOTEHIITHUMHU KOMIUTIEKCOHAMH a00 1X MOAM(IKOBAaHUMHU (BHI0O3MIHEHUMH) XIMIYHUMH (hOpMamMH;

— aKTUBYBaHHSI METAJEBUX TIIOBEPXOHb Tapu TepTs «OpoH3a — CTalb» MPHU TPAHUYHUX
HaBaHT@XeHHAX P = 8-16 MIla BinmoBinae MiHIMaIbHUM 3HaueHHSM [y Ta f, Ta onTHManmbHEM
yMOBaM yTBOpPEHHsI BiNOBiHUX XenatiB Kynpymy(Il) B cepenoBuIi iHIyCTpiaIbHUX OJIHB;

— B TpubOXimMiuHii cucremi «Oponsa BpAX 9-4 — opraniunmii nogatok — onmBa [-20A — crans
45y nociiHKEeHO BIUIMB OPraHIYHUX JIOJATKIB HA TPUOOTEXHIYHI XapaKTEPUCTUKN MACTHIIBHIUX KOMIIO-
3uniid. BeTaHoBNeHO, 1O Kpalli MPOTU3HONIYBaJIbHI Ta aHTH(PUKIIHHI BIACTHBOCTI BiINOBIIAIOTH
MacTWIbHUM KOMITO3HUIIISIM, JIO CKJIaay SIKUX BXOJSTH OpPraHiuHi JOJATKH 3 BHCOKUMHU 3HAUCHHSIMH
€71eKTPOHOIOHOPHOT aKTUBHOCTI (DNspcis).

— CYTT€BE TMOKpAILIEHHSI TPUOOTEXHIYHUX XapaKTEPUCTHK MACTHIBHUX KOMIIO3HUILIN, 10 CKIIATy
SIKUX BXOJSATh OpTraHiuHi JOJaTKH, MOPIBHIHO 3 «UUCTOI0» O0JMBOIO [-20A, 3aNeXuTh SK Bif €JIeKTPO-
HOJ0HOPHOT (DNspcis), Tak 1 Biz ancopOuiiHoi (Ir) akTMBHOCTI IOCIIKEHUX OPraHIqHUX J0JATKIB.

B po6oti nocnimkena TpuboxiMmiuna cuctema «oponsa bpAX 9-4 — opraniunmii 1o1aTox —
omuBa [-20A — cranp 45» Ha peaAMeT yTBOPEHHS KOOpAMHAIIMHUX crionyk Kynpymy(Il) mig niero
MEXaHIYHOTO AaKTHBYBAaHHS METAJIEBUX IIOBEPXOHb IMapu TEPTs Ta OPraHidHUX JIOMAATKIB.
BcranoBneHo, 1m0 Kpaili TPOTHU3HOIIYBAJIBbHI Ta aHTU(MPHKIIHHI BIACTUBOCTI BiAMOBINIAIOTH
MaCTHJIBHAM KOMIIO3HIIISIM, JIO CKJIATy SIKUX BXOASTh OPraHivHi T0JaTKU 3 BUCOKMMU 3HAYCHHSIMHU
el1eKTPOHO10HOPHOT akTUBHOCTI (DNspcis).
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AT'PETAIIA ACPAJIBTEHIB
Y HAO®TOBUX JUCIIEPCHUX CUCTEMAX

Kocmanmun 3amikyna, Onena Tepmuwina, Onee Tepmuwinuii
JIBH3 «Vkpaincokuti 0epacagnuil XiMiKo-mexHOoL02IUHUL YHIGepCUmem»,
np. Lacapina 8, /Ininpo, Yrpaina; ughtu@dicht.dp.ua)

Acdanprenun, sSK HaHOUIBII TOJSpHA CKJIAJ0BAa HA(PTH, BUSBISIOTH 3HAYHY ITOBEPXHEBY
aKTHBHICTh. TOYHI 1 EKCIpecHI METOJMKM BH3HAYCHHS II0YATKy BHIIAQJaHHS acdanbreHiB
CIPUSATUMYTh BHPIIIEHHIO 3aBJaHHS TPOTHO3YBaHHS (Da30BOi TOBEHIHKM ac(aibTeHiB, IO
JI03BOJIUTH MIHIMI3yBaTH BUTPATH MO JIKBiAAIii HACTHIAKIB YTBOPEHHs ac(aabTeHOBHUX BIIKIAJIIB
Ha eTanax TPaHCIOPTyBaHHS Ta 30epiraHHs HapTH.

Acdanbrenu icHYIOTh y (GOpMi IHAWBIAYaTbHUX MOJIEKY/I TUIBKH TPY MAJIUX KOHIIEHTPALIISLX
Hwkde 100 mr/n. Y mipy 30UIbIIeHHS KOHIIGHTpallii MosieKyu arperye. B o0macti KoHIeHTpartiit
100-5000 wmr/m acdanbreHH TpeACTaBIAIOTh coOor0 HaHoarperatd 3 8-10 wmomekyn. Ilpu
KoHIeHTpamisix Bume S000 Mr/m yrBOpIOIOThCS KJIacTepu HaHoarperariB. L{i kimacTepu MOXyTh
nepeOyBaTu B CTAOUTBHIM KOJIOIMHOT CyCHeH3ii, MOKM KOHIICHTpAIlisl ac(albTeHIB HE OCSTHE
50000 mr/m.

Mera focCiiKeHHST — BCTAaHOBJICHHS 3aKOHOMIPHOCTEH arperaiii acgaibTeHiB B HAQTOBUX
JIMCTIEPCHUX CUCTEMAX.

O06’extu gocnimkenns : achansrenu Hagptu Ty BLEND, MonensHi HahTOBI cymini.

OcHoBHa  3agada  JOCHIDKEHHS  —  OIIHKA  CKJIQAY  COJbBAaTHUX  OOOJIOHOK
CepeIHbOCTATUCTUYHUX arperariB ac(aiabTeHIB NMPU BHU3HAYEHIM KOHIEHTpALii B MOJEIBHUX
HaTOBUX CUCTEMax B MOMEHT BTPATH arperaTuBHOI CTIHKOCTI.

Acdanbrenu, sSiki BUKOPHUCTOBYBAJIUCH JJsi (DOPMYBAaHHS MOJEIBHUX HA(PTOBHX CHCTEM,
Bunisum 3 Haptu THIy BLEND 32 cxemoro puc.l. MozaenbHi HahTOBI CUCTEMH TPENCTaBIISIH
c00010 po3yrHM ac(albTeHIB B TOIYOJI y BU3BHAUEHOMY CITiBBIHOIIECHHI.

HarpiBanns cymimnii B Oinprparist:

3minryBanus HapTH MPUCYTHOCTI 3BOPOTHOTO acansrenu, napadiny,
i H-anmkaHa (1:40) xonoamieHuKA (1 Tomuny) 1 HEeOpraHiYHUN MaTepia

OXONOKeHHS (24 TOmIHN) 30HMparoTh Ha (PLIBTPI
BunaposyBaHHs1 pO3UMHHUKA Amapat Cokcrnera: Amapar Cokcrera:
— TOJyONy Ha BOJSHIH OaHi 1 BiIIiICHHS acabTeHIB Bif MIpOMHBaHHS HiTbTpa
cymka B redi mpu 110°C (30 HEOpPTraHiYHOr0 MaTepiamy po3- raps'YuM H-aJIKaHOM
XB) YHHEHHSM B TapsdOMYy TOIYOJTi (BunaneHHs napadiniB)

4

OXO0NOPKEHHS B €KCHKATOPI 1 Acoanprenn srizno ASTM
3Ba)KyBaHHA 3pa3ka D 6560-00/IP 143

Puc. 1. Ilpoyedypa sudinenns acaromenis

MopenbHi Ha)TOBI CUCTEMM MPEACTABISIM COO0OI0 pPO3UMHHM ac(ajbTeHIB B TONYOJl Yy
BU3HAYEHOMY CIiBBifHOIIEHHI. HaBaxxky acdanbTeHIB PpO3UMHSUIM y BIANOBIAHIA KUIBKOCTI
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TOJIyOJly TIpU KIMHATHIM TeMIieparypi Ta nepeMiuryBainu. [Ipurotosieni po3yuHu BUTPUMYBAJIN B
LIJIBHO 3aKPUTOMY NOCY/I, 1100 YHMKHYTH BHIIAPOBYBAHHS TOJYOJly MpOTAroM 12 roausH 1o
MOBHOTO PO3YMHEHHS HaBaXKH. B mporeci TUTpyBaHHSA (IKCyBaIM KUIBKICTh OCAaTHHKA,
HeoOXijHe Ui iHimianii BUnamaHHs acalbTeHIB 3 PO3YHMHIB 33JaHUX KOHIEHTpamid. B sxocti
ocagHWKa Oymu o0OpaHi H-TeNTaH 1 H-TekcaH (MO0 YHUKHYTH TIOMHJIOK, BUKIMKAHUX
BUIIAPOBYBAHHSM, IO OUIBII IMOBIpHO B pa3i meHTaHy). 10 M po3unHy ac(albTeHIB MOMIIAIN B
konOy, nami, 31 mBHakicTio 0,2 MI/XB J0oAaBany TOPIil OCaKyBada NpU MOCTIHHOMY
nepeminryBanHi. llIBuaKocTi eramiB ekcnepuMeHTy Oynu mimgiOpaHi Ha MiACTaBl peKOMEHIAIN
ASTM D6703-01 mpouenypr BU3HaYCHHS IIOYATKOBOT TOUKH (DoKyIsAwii acaibTeHIB B PO3YHHI.

[Touatok duokyssiiii acansreHiB (TOYKa «OHCET») BU3HAYAIW IO MIHIMAJIbHIN KUTBKOCTI
aJIkaHA-OCaJHUKA, HEOOXiMHOI JUIs IOYaTKy OCa/KCHHS ac(albTeHIB B PO3YMHI TOIIYOITY.
BuMiproBaHHSI TpOBOMIIN peecTpamiero onTtudHoi ryctiuan Ha npubopi KOK-3 mpu dikcoBanmx
nopxuHax XBWib: 700 HM, 740 M, 750 HM. TuTpyBaHHS pO34yHMHY ac]aiabTeHIB B TOJYOJi B
KOHILIEHTpAIii 2 I/7 MPOBOIMIN H-TETITAaHOM.

MiHIMYM ONTHYHOI T'YCTUHHM BUSBHMBCS HpU NOBXKUHI xBwii 750 HM. Lo moBxkuHa XBUI
Oyno oOpaHO Ui TOJANBIIMX EKCIIEPUMEHTIB. UHMCENbHO TOUKY «OHCET» XapaKTepu3yBallld
MOJISIPHOFO YaCTKOO TOJYOJTy B TaKii cymimri: 3a popmynoro

9

ne Xt 1 Xp — KUTBKICTh MOJICH TOYOITy 1 renTaHy, BiAMOBIIHO.
3a pesynbraraMu BUMIpIOBaHb (puc. 2) movaTok (UIOKYIAIii HACTaB MPU MOJSIPHIA YacTii
tosryony v = 0,413.

0.15

0.1

OntHuna rycTira,D

0.05

03 04 0.5 0.6 0.7 08 09
MonspHa gacTKa TOIyOIy
@ 700 am @ 740 an @ 750 am

Puc. 2. Kpusi onmuunoi’ 2ycmunu Ha pisHUX 008XCUHAX XEUTb NPU MUMPYEAHHT AchanbmeHnis 6
PO34UUHI MOIYONY npu KoHyenmpayii 2 eln H-eenmanom

Ha pucynky 3 npencraBieHi pe3yibTaTH BUMIPIOBaHHS ONTHUYHOI T'YCTUHM TP JIOBXKHHI
xBWii 750 HM NpH TUTPYBAaHHI alKaHaMHU JJIS TOJYOJBHHX PO3YMHIB ac(ajbTeHIB B Jiana3oHi
KOHLIeHTpauiif 2-15 r/m.

Ilo wMmipi 3pocTaHHsA KOHIeHTpalii acgaJbTeHIB B TOJYOJi 3MEHIIYETHCS KUIBKICTh
ocaJlHUKa, HEOOXIAHOTO JJs TOYaTKy Mpollecy iX BumamiHHA. [lpm Manumx KOHLEHTpALifX,
achanbreHu e(PEeKTHMBHO PO3YMHEHI B TOJYOJNi, 1 BEJHMKI KUIBKOCTI OCaTHUKA HEOOXIIHI s
noyarky npouecy arperatii. [Ipy Be1MKuX KOHIIEHTpALIsAX, OCaJHUKA MOTPIOHO 3HAYHO MEHIIIE.

JUist po3paxyHKy 1 OI[IHKM CKJIaJly COJbBAaTHUX OOOJIOHOK arperariB ac(ajbTeHiB B MOMEHT
BTPATH arperaTuBHOI CTIMKOCTI MpH JaHii KOHLEHTpALil y 10CHiTHUX Ha(TOBUX cucTeMax Oyna
NpUHHATA MaTeMaTHYHa MOJIEIb.
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—e—2 r/n, B-TeKcas ——2 r/I1, H-Tenrag —&—6 1/, H-renTal  —%— 6 /11, B-TeKcaH

Puc. 3. Onmuuna ecycmuna na ooexcuni xeuni 7150 Hm pozuunie acparomenie 6 monyoui 6 dianazomi
konyenmpayiu 2-15 eln npu mumpyeanni cenmanom i eexcanom

Jnst mocnimKeHHs BIUMBY uncia C-aToMiB B HACHYEHOMY PO3YMHI BYIJIEBOJIHI-OCAJHUK HA
3HAUYEHHS TII0YAaTKy BHUIQJIHHS TPOBEIM BUMIPIOBAaHHS KOHIIEHTPALIMHOI 3aJIe)KHOCTI TOYOK
«OHCET» TIpH BHUKOPHCTAHHI JBOX THITIB OCAJIHWKIB H-TEKCaHy 1 H-TenTaHy. Pesynsratu
eKCIIEPUMEHTY IIPEACTaBIIeHI Ha pucC. 4.

0.49

048

0.47 1 /
046

0.45
0.44
043
042
0.41
04
0.39
038

Touxka oHceT
| §¥]

(MonApHa 4acTKa TOIyony)

1 3 5 7 9 11 13 15
Konuenrpaniz achaapTeHiB. I/
Puc.4. Konyenmpayitina 3a1edcHicms nouamky QroKyisayii acharbmenie 6 moayoni
npu 0ii ocaonuxig: 1 — n-ecexcan; 2 — n-eenmau

Jnst acanbTeHiB AaHOTO THUITY, TUTPYBAHHS H-T€NTAHOM IPU3BOAUTH /0 3aTPUMKU TOUYKH
«OHCET», MOPIBHAHO 3 TeKCAaHOM. 3HAYEHHS MoYaTKy (UIOKYIALii, OTpUMaHi ONTHYHUM METOOM,
BKa3ylOTh Ha T€, 0 H-aJKaHU 3 MO0 KUIBKICTIO aroMiB KapOOHY (ILICTh) MPU3BOAATH [0
BIZTHOCHO "IIBUJKOTO" OHCET.

Jns monenbHOT HApTOBOI CHUCTEMH, IO CKIQJA€ThCS 3 MOJEKyn acdanbTeHiB (A),
po3unnauka — Tonyony (T) i ocamauka — H-renTany abo H-rekcany (P), BH3Hauamu po3mojit
iMoBipHOCTe mepebyBaHHa Mojekyn Toayony (U=0) y HyapoBOMYy HaOmMXeHi, TOOTO
eHeprismMu B3aemonii A-T A-P i T-P nexryBanu, a monexynu A, T, P, npencraBnsiim sk TBepai
HEB3aeMO/IiI0ui cepH, B COIbBATHIN 000JIOHIII MPU PIZHUX 3HAUYEHHSIX MOJBHOT YACTKU TOIYOIY
B PO3UHHI, SIKI BUp@XKaJU HACTYIHOO (hopmyoro:

b

Jie y — MOJIsIpHa YacTka Toiyouxy, (1-y) — MonsipHa 4acTka OCaJHMKa, Z — KUIbKICTh MOJIEKYI B
COMBBATHIN 000JIOHIII ac(asibTeHy, Zr — KUIBKICTb MOJIEKYIT TOIYOILy B COJIbBATHIN 0OOJIOHIII acayibTEHY.
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HactynHe HaOnukeHHsS MOJSATano y BpaxyBaHHI €HEprii B3aeMO/il pO3UMHEHOT PEUOBUHU 3
MoJieKylaMu po3urHHUKa U, 1[0 XapakTepus3ye pPI3HULIO €Heprii 3B'SI3KYy MDK MOJEKYIOI0
acdanprena A 3 Mosiekynamu OiHapHoro pozunHHMKA P 1 T mo eneprii terutoBoro pyxy kT.

9

ne Uar — eHepris B3aemoii acdansreH-toiryorr; Uap — eHepris B3aemoJii acansreH-rentan; kg —
nocriitHa boneivana; T — tremmieparypa, K.
Ha ocHoBi 3akony po3noziny ['i60ca KOpUCTyBaIHCh HACTYITHOIO (POPMYIIOF0:

U Zr U Zr
Xy exp(———")dV X, exp(——4)dy
®(Z,,Z)=Cr. i - ksl
e U U U U
X, exp(——4)dV +X , exp(——2L)dV _ZAT _Jap
r exp( kni") » exp( k,;]”} X exp( 67 )dV + X, exp( kBT)dV

ne Xr, Xp — MOJISIPHI YaCTKH TOJIYOITY, TeTTaHa.

IIpu dikcoBanomy 3HadeHHi U a1 pO3YMHIB PI3HOTO MOJISIPHOTO CKJIAQAY YHCIO MOJEKYI
OocaJHUKa B COJbBaTHIA oOomoHUi (Z-Zr) npuiimMae psa 3Ha4eHb. Pesymprar BimoOpakae
CXWJIBHICTH ac(alibTeHIB OTOYYBaTH ce0e COJbBATHOIO OOOIIOHKOIO, IO CKIIANAETHCS 3 MOJEKYI
TOJIYOIY.

Jus po3paxyHky eHeprii Bzaemonii U TPhOXKOMIIOHEHTHOI CHCTEMH BUKOPHUCTOBYBAIU
napameTp po34rHHOCTI. Po3paxyHKoBa ¢opmyra Mana BUTTISL
U6, =87,

kT
zie 8t Ta dp — mapaMeTpH PO3YUHHOCTI Tomyony i ocagauka, (MIDK/M)"”; Vi Ta Vi — MOISpHI
06'eMH TOITYOITy i OCaIHHKA, CM /MOIIb.

U

Jlnst cucteM 3 TeNTaHOM 1 3 TeKCaHOM, Ha mifcraBi po3paxoBanux U, Oyiam ckiajeHi
SHEepreTHYHi KapTH, L0 BiIOOpaKkalOTh MAaKCUMalbHY WMOBIPHICTH KOMITIO3MIIi COJIbBATHOT
000NOHKM ac(anbTeHy B CyMillli 13 3aJlaHUM CKJIaJoM Y. B MoOMeHT BTparu CTilikocTi, Tpu
TUTPYBaHHI TeNTaHOM, COJbBAaTHA OOOJIOHKA NAHOTO arprerary Oyae ckimagarucs Ha 57,8% 3
MOJIEKY/T TeNTaHy, a pelTa MoCaJ0YHUX Miclb OylayThb 3aifHATI TOJNYOJIOM. Y pa3i TUTPYBaHHS
TeKCaHOM, JUIsS BTPAaTH arperatoM Moro CTIHKOCTI, coibBaTHIM oOoyoHIi Oyne nocutb Ha 38,3%
CKJIaJIaTUCS 3 MOJIEKYI OCaHHUKA.

TakuM YMHOM, BUKOPHCTOBYIOUM EKCIIEPUMEHTAJIbHI 3HAYEHHS Y B MOMEHT BTpaTH
arperatuBHOI CTaOUTBHOCTI MpPH 3aJaHiii KOHIICHTpAIlil, MOXKHA BH3HAYaTU CKJIAJ COJIbBATHUX
00070HOK ac(anbTeHOBUX arperariB. 3 MOMEHTY JOCATHEHHS COJIbBATHUMHU OOOJIOHKaMHU
arperatiB Takoro KpUTHYHOTO CKJIa1y, KOJIM KOJOIMHUM pO34MH ac(aibTeHIB BTpaya€e CTIHKICTb, 1
€HEepPreTUYHO BUTITHUM CTa€ 00'€JHaHHS JBOX HECTAOUTbHUX arperaris.

B pesynbrari acouianii ABOX arperartiB 3 paaiycamu R 1 KoopAMHALIMHMMHU YuciamMu Z;
YTBOPIOETHCS  acOIifOBaHMI ac(aJbTeHOBUI arperar 3 KOOPIUMHALIWHUM YucCIOM Z; 1
paaiycom Rpa.

Koopaunariiine uncino Z; A CepeAHboro arperary ac(aibTeHy MpH KOHIEHTpalii 2 /i1
ckinano 107. Ilpu 30inblieHHI yacTKU ocagHuka P B cucremi, coibBaTHa OOOJIOHKA TaKOTO
arperaty Oyne BTpadyath Mojekyiau tosyony T. Koopmunauiiine umcno Z, aist acouiifoBaHOTro
arperaty acanpreny ckinaio 159, mo Ha 55 Monekyn MeHIIe CyMapHOi KUIBKOCTI MOCaIKOBUX
MICIIb IBOX OKPEMHX arperaris, siki BTpaTuin cTIHKicTb (159<(107 - 2)).

Takum umHOM, JUIs peani3auii mparHeHHs arperariB ac(aiabTeHIB MICTUTH B COJIbBATHIN
00OJIOHIII TIepeBaKHO MOJICKYJIM PO3YMHHHMKA T CHUCTeMa peopraHi3yeTbcs, 1 CTa€ BUTIIHUM
Ipoliec acolianii HahOIKIMX arperaris.
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CYUYACHI CIIOCOBH 3ATTIOBITAHHS BTPATAM BEH3UHIB.
EKOJIOTTYHUM ACIIEKT

Jlapuca Yepuak
Hayionanonuu asiayitinuii ynieepcumem, np. Kocmonasma Komaposa, 1, m. Kuis,
specially@ukr.net

[{uBiTpbHA aBialis Ha CY4acHOMY €Talli PO3BUTKY CYCIIUILCTBA € Taiy33i0, M0 CTPIMKO
PO3BHUBAETHCS, MO BIAMOBIIHO MPU3BOAUTH 1O 3POCTAHHS KUIBKOCTI MAUB BUKOPUCTOBYIOTHCS.
Tomy, akryanbHOCTI HaOyBalOTh MHUTAHHS PAIiOHAIFHOTO BHKOPUCTAHHS Ta BU3HAUCHHS DIBHS
Hebe3nekn 00'ekTiB cayk0 mamuBHO-MacTHiIbHHX MatepianiB (IIMM). Amke BOHU € OJHHM i3
OCHOBHHMX JDKEepell BUKHIIB Ta BTPaT BYIVIEBOAHEBOI Mapu HAaPTONPOIYKTIB Ha TEpHUTOPIi
CY4acHUX aepOTIOPTiB.

30UTOK, 110 HAHOCUTHCS LIMMHU BTPATaMH, CKJIAA€THCS HE TUIBKM B 3MEHIIEHHI MaJTMBHUX
pecypciB 1 BapTOCTi MPOAYKTIB, IO BTPAYAIOTHCS, ajie i y HETaTUBHHUX €KOJOTIYHUX HACIiIKaXx,
IO € Pe3yabTaToM 3a0pYIHEHHS HABKOJMIIHBOTO CEPEOBHUINA HAPTONMPOIYKTAMHU. 3MEHIICHHS
KUTBKOCTI BTpaT HAPTOMPOAYKTIB Ma€ HE TUTbKA €KOHOMIYHUI e(EeKT, aJie 1 € )KUTTEBO BAXKIIMBUM
TUTs 320€3MEeYEeHHS EKOJIOTTYHO1 Oe3nekn 00’ ekTiB ciry:xou [IMM aeponopris.

Mertoro pociimpkeHHs Oyina OLiHKa KUTbKICHUX BTpaT OCH3MHY 3 MAJIMBHOTO Pe3epByapy Ui
30epiranHs Ha@TOMPOMYKTIB Ha ckiagax [IMM 13 3acToCyBaHHSM Cy4acHOI KOMII FOTEPHOL
CHCTEMHU MOHITOPUHTY (PAaKTUYHUX BTPAT.

SIK B1IOMO OCHOBHHMMH JKEpeIaMu BTpaT nanus Ha ckiagax [IMM aeponopris € [1]:

- pesepByapu 3 HAQTOMPOIyKTaMH (BHITAPOBYBAHHS HAPTOMPOAYKTIB — «BEINUKI 1 Maii

JTUXAHHS);
- 00'€KTH OYMCHUX CHOPYZ (BUIIApPOBYBaHHSA HA(QTONPOAYKTIB 1 CKUJAHHS 3aJTUIIKIB (ITICIIs
OUYHMCTKH) B CHCTEMY KaHai3allii);

- aBapiifHi 1 HECHaBMUCHI PO3JIMBH HA()TONPOAYKTIB HA TEPUTOPIi;

- TePMETUYHICTh TEXHOJIOTTYHOTO YCTaTKyBaHHS 1 KOMYHIKAIIiii;

- BIIXO/IM TIPU OYHIIIEHHI pe3epByapiB.

Cepen ycix BuiB BTpar HaTOIPOAYKTIB B a€pONOPTaxX, HAHOUIBIIOTO 3HAaYEHHS HA0YBaIOTh
BTpaTy OCH3MHIB Bil BUIAapoBYBaHHS. ToMy, BU3HAYeHHS (DAKTUYHUX 3HAYEHb I[MX BTpAT JacTb
MOYKJIMBICTh €(PEKTUBHO MiiOpaTH 3acO0M IS iX 3MEHILIEHHS.

Jlnsi BCTAHOBJIGHHS KUTbKICHUX XapaKTepPUCTUK BUKHIIB BYIJIEBOJHEBOI Mapu Ha CKJajaax
I[IMM po3paxyHku (pakTHYHUX BTpar OyI0 BUKOHAHO came Ui aBTOMOOUIBHOTO OEH3MHY MapKH
A-95 ans ckmagy IIMM, mo mictuth goTupu pesepsyapu PBC — 5000M°, sxi npusnaueHi s
npuiiomy, 30epiraHHs Ta BHJA4l HaluB Ul 3alpaBiIeHHS TPAHCIOPTHHUX 3aco0iB. Po3paxyHku
BUKOHYBAJHCh 3@ JOINOMOIOI0  CIELiaJibHOI TMpOrpaMu, po3poOieHol MpencTaBHUKAMU
XIMMOTOJIOTTYHOT HayKoBOT1 ko HAY.

AHanmizyroud OTpUMaHi pe3ynpTaTd MH 0aduMMO MIATBEPIKEHHS TOro, o (akTHYHA
KUIBKICTh BUKHJIIB BYIJIEBOJIHEBOI Iapu HA(TONPOAYKTIB, Yy MEPIIY YEPry 3aJeKUTh Bi CTYHEHS
3aMIOBHEHHS Pe3epBYapHUX EMKOCTEH, TOOTO BiJ IX palliOHaIbHOTO BUKOpUCTaHHS (puc. 1-3).

A TakoX BII KUIBKOCTI omepariii npuiiManHs-Bugadi OeHsuny (puc. 4-5). Tobro Bixg
KUIBKOCTI «BEJIMKUX JUXaHb PE3epBYapHOi EMKOCTI». A cymMapHi (paKTHUHI BTPaTH 3 pe3epBYapHOi
€MKOCT1 3 MaJIMBOM 3aJIeXKaTh 1 Bil TepMiHy 30epiraHHs HajuBa y pe3epByapax 1 BiJ KUIbKOCTI
oreparlii 3 najuBoM (puc. 6).
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Puc. 1. Bmpamu 6en3zuny 6i0 «geauxux ouxauv» nio uac 3oepicanns 1 micayo

OTtpuMaHi pe3ynbTaTd po3paxyHKiB (DaKTUYHUX BTpAT OEH3WHY MIiITBEPHIIH, IO BTPATH y
pa3i «BETUKUX TUXaHb» 3POCTAIOThH Tl Yac BEJIMKOI KUTBKOCTI IUKIIIB «IIPUHMaHHS — BHJIa4a
najauB 3 pe3epByapiB. Sk BumHO 3 puc. 1. mig yac 30epiraHHs manuBa mpoTsroM | wicss 6e3
oreparii «npuiMaHHs — BU1a4ay BTPaTH OylyTb, ajie He TaKi 3HAUHi.
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KinbkicTs namiea B pelepeyapax, %
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Puc. 2. Bmpamu 6en3uny 6i0 «manux ouxanv» nio uac 30epieanns na npomszi 1 micays
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Puc. 3 Cymapni smpamu 6en3uny nio yac 36epieanusn Ha npomssi 1 micays
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Puc. 5. Bmpamu 6enzuny nio uac onepayiii <nputiManus — sudaua naiusa» npomseom 1 micays
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Puc. 6. 3aeanvni empamu 6en3uny nio yac onepayii <npuiManus — sudaia naiusa» npomseom 1 micays

Otxe, 0aunMo, 110 IHTEHCUBHICTb BTpAT BiJ BUMAPOBYBaHHS IpH 30epiraHHi CBITIUX
HaTONPOIYKTIB BU3HAYAETHCS SIK 30BHILIHIMM, Tak 1 BHYTpIIHIMH (akropamu. Jlo mepiimx
BITHOCUTBCSI TUCK 1 TEMIIEpaTypa HaBKOJIMIIHBOTO CEPEIOBUINA, 10 APYTUX — (PpaKIiiHu CcKiIaj
MaJIMB, 1[0 BU3HAYAE THCK 1X HacH4YeHHX napis [1-2].

PesynbraroM BIUIMBY JaHUX (AKTOPIB € MIABMILEHHS PIBHSA EKOJOTIYHOI Ta IMOXKEXKHOT
HeOe3neku pe3epByapy 31 30UIbIIEHHSIM 30HH 3ara30BaHOCTI pe3epByapy, 110 OYyI0 MiATBEPHKEHO
y pe3yabTaTi po3paxyHKiB, 0 OylM OTpUMaHi 3 BUKOPUCTAHHAM JaHMUX LIOJ0 (aKTUYHHX BTpatT
OeH3UHY 3 pe3epByapHUX eMKocTel (puc. 7).
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Puc. 7. Paoiyc 301u 3a2a308an0cmi 61imMKYy 8 3a1edCHOCMI 610 00’ emy pezepsyapa

Sx ©OaunMo, po3MipM 30HU 3ara3oBaHOCTI pe3epByapy 3 aBTOMOOUTPHUM OCH3WHOM
3pOCTalOTh 3 MiIBUIICHHAM TeMIepaTypu. HaciigkoMm IbOro € 3MiHa BYIJIEBOJHEBOTO CKIIATY
MaJIMBA, 10 30€piraeTbesi Ta WOT0 eKCITyaTallifHIX XapaKTePUCTHK, a TAKOXK IMIJBUIECHHS PIBHA
MOXEKHOT1 Ta exosoriuHoi Hebesmeku ckmaay [IMM  aepomopry. OTke, MOXEMO 3poOUTH
BHCHOBOK IIPO T€, III0 BTPATH Bijl BUIIAPOBYBAHHS — II€ BayKJIMBA €KOJIOTO-CHEPreTUYHa mpoodiemMa
00’ektiB  cepu HadTOMPOMYKTO3a0C3MEUCHHS, IO BHUMarae BUpilmIeHHS. Tomy, mix yac
30epiraHHsi aBTOMOOUTHPHOTO OCH3WHY, 3 METOI0 3MEHIICHHS TEXHOTCHHOTO HABAHTAXKCHHS Ha
HABKOJIMIITHE CEpEeNOBHINE, HEOOXITHO 3aCTOCOBYBAaTH Cy4YacHI BHCOKOC(EKTHBHI 3acobu
3ano0iraHHsl BTparaM BiJ BUIIAPOBYBaHHS, 3 ypaxyBaHHSIM (PakTHYHMX BTpar OEH3WHIB BiX
BUIIAPOBYBAHHS Ha KOXXHOMY KOHKpeTHOMY o00’ekTi chepu HadropnogykTo3abe3neueHHs.
OcHoBHUMHU 3ac00amH, 110 MOXKYTh OyTH BUKOPHUCTAHI, €:

- OcHamieHHs pe3epByapiB 3 OCH3MHAMH, 1[0 MAIOTh BEIMKY OOOPOTHICTh MOHTOHAMH Ta
TU1aBalouuMu KpiBsiMu (epextuBHicTh 80 — 90%);

- OOmnagHanHs pe3epByapiB 31 OeH3MHaMU AucKaMu-BigouBauamu (20 — 30%);

- Tepmeru3ariiss pesepByapiB 1 OUXalbHOI apMarTypH, CBO€YACHUU TPOQUIAKTHYHUN
peMOHT TpybonpoBoiB i 3anipHoi apmatypu ( 30 — 50%);

- @apOyBaHHs 30BHIUIHBOI OBEPXHI pe3epByapiB MOKPUTTAMH 3 HU3bKUM KOE(]illiEHTOM
BUIIPOMiHIOBaHHS (€ 27 — 45);

- Hwxwiif HanTUB B aBTOLMCTEPHHU 1 aBTOMATH3AIlis rpotiecy HanuBy ( 10 70%);

- Tepmeruszamiss HanMBy B TpPAHCHOPTHI 3acO0M 3 BHUKOPHCTAHHSAM YCTaHOBOK
YJIOBJIIOBaHHS Ta peKynepaii ByriieBoaHeBoi napu nanus ( 80 — 90%).

Ta 3am1s eekTMBHOTO BUpILIEHHS NPOOJIEMH BUKHIIIB BYIVIEBOJJHEBOI IIAPU MAIMB HA 00’ €KTa
chepu HadTOMPOIYKTO3a0€3MEUCHHS, TOOpE BITOMHUI XIMMOTOJOTIYHUN TPUKYTHUK 3 BEpPIIMHAMH
«TAJTMBHO-MACTUJIbHI MaTepiasiny, «EKCIUTyaTallis», «TeXHiKay, MOBUHEH BHJO3MIHUTHUCS B KBaJpar
(poMO) 3 HOBOIO BEpIIMHOIO «eKoJOTiuHi mpobmemu» [3], abo B o0'eMHy Qirypy — mipaminy 3
PIBHOOIYHUM TPUKYTHUKOM B OCHOBI.
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XTHI'TIPOHHUW METO/I OUUIIEHHS TIPUPOJTHUX
I TEXHOJIOI'TYHUX TI'A3IB BI/{ CIPKOBO/HIO.
BUBIP MACOOBMIHHOI'O OBJIAJIHAHHSA

Anopiu Cnrozap, Apocnae Kanumon, 3enogiii 3nak, Poxconana byknie, Mapia bopmnuk
Hayionanvnuil ynisepcumem «Jlvsiscorxa nonimexuixa», eyn.C.bandepu,12, m. Jlvsis, Yrpaina,
savasl2000@yahoo.com

OnuncaHo TEXHOJOIIYHY CXEMy XIHTIIDOHHOTO METO/Ay OYMIICHHS Ta3iB Bij cCipkoBogHIO. Ha ocHOBI
PO3paxyHKy KOC]IIiEHTIB MacOBIIai IS IPOLIECIB XeMOCOPOIIii CIpKOBOJIHIO 1 KHCHIO MTOTTMHAIBHUAM PO3YAHOM 32
PI3HUX ITOYaTKOBHX YMOB 3aIpOIIOHOBAHO MacooOMiHHE 00aTHaHHSL.

V cBiTOBIl HpaKTI/IHi JUISL OYMIIEHHsI IPUPOIHKX 1 TEXHOJIOTYHHUX rasis Bix cipkosoauto ITUPOKO BUKOPUCTOBYIOTH
METOAM PITMHHO-(}A30BOTO0 OKHUCHEHHS CIPKOBOAHIO 3 ozepkaHHsM cipku [1]. B VYkpaiui
MIPOMHUCIIOBE 3aCTOCYBaHHS Ma€ TUTBKU apCEHO-COIOBHUI METOJ [UIs OUMIIEHHS KOKCOBOTO Ta3y Ha
JEeSIKHX KOKCOXIMIYHHMX MIANPHEMCTBaX. XIHTIIPOHHHUA METOJ| OYHMIIEHHS Ta3iB BiJ CIPKOBOIHIO
MaB IIPOMHUCIIOBE 3aCTOCYBAHHS JUIsl OUHMILEHHS BEHTHIIALIHUX ra3iB BiJ CIPKOBO/IHIO Ha TipHUYO-
XIMIYHUX MANPUEMCTBAX 3 OJEpKaHHsA cipku [2,3]. Meron mpoXoAWTh BHIPOOYBAaHHS ISt
OUUIIICHHS BYIJICBOIHEBUX (ITaJTUBHUX) Ta3iB.

TexHonoriuHa cxeMa XIHTIIPOHHOTO, SIK IHIIMX PIIAHHO-OKHCHUX METOMIB OYHINCHHS
BYITICBOJIHEBHX T'a3iB BiJ CIPKOBOJIHIO BKJIIOUa€e 2 OCHOBHI amaparu — abcopbep 1 pereneparop [3].
B aGcopOepi BinOyBaeThess XeMOCOPOITisi CIPKOBOJIHIO 3 Ta3iB JTY)KHUM MMOTTHHAIILHUM PO3YUHOM

HzS + N212CO3= NaHCO3 + NaHS. (1)

B abcopbepi, yacTkoBO a00 MOBHICTIO, BiIOYBAEThCS TAKOXK OKMCHEHHS XeMOCOpPOOBAaHOTO

CIPKOBOJHIO XIHT1IPOHHUM KaTali3aTOPOM 3 OJIEp’KaHHIM CIPKH
NaHS + NaHCO; +{Q} =Na,CO; + S + {Q}Hz, (2)
ne {Q}, {Q}H, — BinnmoBigHO OKMCHA 1 BiTHOBHA (hopMa XIiHT1IPOHHOTO KaTalli3aTopa, BiAMOBIIHO.

VY pereHeparopi 3MIHCHIOIOTH pEreHepalliio MONTHHAILHOTO PO3YUHY, TOOTO OKHCHEHHS
BiTHOBHOT (DOPMU XIHTIJPOHHOTO KaTaiizaTtopa 10 OKUCHOT KUCHEM TOBITPS

{Q}H>+ 0,50,= {Q} + H,0. 3)

Sxmo B abcopOepi BigOyBaeThCS YACTKOBE OKUCHEHHS XEMOCOPOOBAHOTO CIPKOBOJHIO
KaTajizaTopoM, TO MOro 3aBepIICHHS BiAOYBa€TbCcs B pereHeparopi Mij yac XiHOHOOOepTy -
6araropa3zoBOro rnepexojly Karajiizaropa 3 OKMCHOI (XIHOHHO1) popMHU y BITHOBHY (T1IPOXIHOHHY).
Ilicns  BigminenHss yrtBopeHoi npiOHomucnepcHoi (1...10 MKM) CipkM  pereHepoBaHUiA
MOTJIMHAJIBHUM PO3YMH MOBEPTAIOTh HA CTA/III0 XeMOCOPOILiT CIpKOBOIHIO.

Y npoMHCIOBHX HpOIEcax OYHUILEHHS T'a3iB Bil CIPKOBOJIHIO PIIMHHO-OKHCHUMH METO/IaMHU
BUKOPHUCTOBYIOTH pPi3HY MacooOMiHHY amapatypy [l]. ChninbHuM € Te, IO Uil HaJeKHOTO
(YHKIIIOHYBaHHS arnaparypy B MpoLecax 3 yTBOPEHHSIM APIOHOIUCTIIEPCHOT CIPKH € HEOOX1IHICTh
YHUKHEHHS TIpolleciB il HajaumaHHs 1 3a0MBaHHA KOMyHiKaiiil. O4eBHIHO, IO TaKi MPOILECH
OuIbII HMOBIpHI y abcopOepax 3 HacaaKaMH 1 TaplIKaMu 3 MEPETUBOM.

VY OuIbIIOCTI METOAIB JUIsl pereHepanii pO3YMHIB KHUCHEM TMOBITPS BHUKOPHUCTOBYIOTH
MyCTOT1Ti KOJIOHU a00 €MHOCTI, sIKi 3alIOBHEHI PO3YMHOM, Yepe3 sikuii 6apOoTye moBiTps 1 GroTye
cipky. [ns abcopObuii CipKOBOAHIO MONIMHAIBHUM PO3YMHOM BUKOPHUCTOBYIOTH MAacCOOOMIHHY
armaparypy pi3HuUX TumiB. Tak, y mupoko po3nosciokeHoMy npoueci LO-CAT 3 okucHUKOM Ha
OCHOBI XeJaTHUX KoMIulekciB depyMy Ui OUMILEHHS I'a3iB 3a HU3BKOTO TUCKY BUKOPHCTOBYIOTh
npuctpii Bentypi 1 6apbotaxknuit abcopbep. Y meroni Giammarco-Vetrocoke 3 OKUCHUKOM Ha
OCHOBI CIIOJIYK ApCeHY BUKOPUCTOBYIOTh KOJOHHUM po3nuiiorounii abcopdep. Y meronax Perox i
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Takahax, 3 okMCHHKaMU Ha OCHOBI XIHOHHHUX CITOJIYK, BUKOPHUCTOBYIOTh HacaJKOB1 abcopOepu, a y
niporieci Stretford — 6apOoTaXkH1 KOJIOHU 3 MPOBATBHUMH TapiIkam# [1].

Ax Bimomo [1,3], momIMHAHHSA CIPKOBOJHIO 3 Ta3iB JY)KHUMU pO3YMHAMH — II€
XeMOCOPOLIMHUI Tponec 3 MIBHUIKOI XIMIYHOIO PEAKI[I€l0 1 A HU3BKOKOHIIEHTPOBAHHUX 3a
CIPKOBOJIHEM Ta3iB KOHTPOJIIOETHCS OMOPOM Ta30BOi (a3u. PereHeparliss OKHCHHKA KHCHEM
MOBITPST € TAKOXK XEMOCOPOIIIfHUM MPOIIeCOM, Ha MEepUIiid cTafii SKoro BimOyBaeThCst abcopOis
KHCHIO 3 TOBITPS TODIMHAJIBHUM pPO3YMHOM, a Ha JPYrid - OKUCHEHHS BIIHOBHOI (opmu
Karanizatopa abcopboBannuM KrucHeM. OCHOBHHMM OIMOPOM IpOIeCy aOcopOIii KUCHIO TOBITPS
BOJTHIMH PO3YMHAMH € OIIIp 31 CTOPOHU PIAMHHOT IJTIBKH.

OueBuIHO, IO 3AJIEKHO BiJl TUITYy 1 KOHIIEHTpalii OKMCHUKA-KaTali3aropa, KOHIEHTpAIii
IHIIUX KOMIIOHEHTIB TMODIMHAIBHOTO PO3YMHY, TIAPOJUHAMIYHMX YMOB, KOHIICHTpaIiit
CIPKOBOJIHIO B Ta3i, TUCKY, TEMIIEPATypH TOIIO MIBUAKICTh IIUX CTAJIIH JUIS ABOX XEMOCOPOIIIHHIX
MIPOIIECIB € PI3HOIO 1 11 BITMBA€E Ha BUOIp MacOOOMIHHO1 anapaTypy MpOIECIB.

Y XIHTIIDOHHOMY METO[, 3aJie)KHO BiJl PEKOMCHJIOBAHMX CXEM OYHWIICHHS Tra3iB,
MOTINHATBHII PO3YHH MOKE MICTHTH Di3HI KOHIGHTpAIii KOMIOHEHTIB, KI/M°: XiHTiZpoHYy —
5...15, Na,CO3; — 10...40 i Na,S,03 — 200...350. Po3uuH i3 BHCOKOIO KOHIICHTPAIIIE€I0 HATPIIO
KapOOHaTy Ma€ BUINY MOMIMHAIBHY 3JaTHICTH 1 MOKE€ BHUKOPHUCTOBYBATHCH, HANPHUKIAM, JUISA
OUMIIICHHS Ta3iB IiJl THCKOM, & BUCOKAa KOHIICHTpAIliS HATPil0 TiOCYIb(}aTy B PO3YMHI CTBOPIOE
nepeayMOBH €(EeKTUBHOTO BUKOPHCTAaHHS BIANPAIlbOBAHOTO PO3YUHY Ui BHPOOHHUIITBA
nostiMepHoi cipku [2,3]. OueBuHO, M0 30UTHIICHHS KOHIIEHTPAIlii KOMIIOHEHTIB MOTITHHAILHOTO
pO34MHY, 3MIHUTH HOro (Di3MKO-XIMIUHI BIIACTUBOCTI 1 BIUTMBAaTUME Ha KOE(DII[IEHT MAacOBiaaa4vi B
pinuHHINA (a3i, a 301TbIIEHHS THCKY ra3y BIUIMBaTUME Ha Koe(illieHT MacoBiiiadi B Ta3oBiil ¢asi i
KOe(]ili€HT PO3MOALLY, IO Pa30M BHOCUTHUME KOPEKTUBHU y BUOIp MaCOOOMIHHUX araparis.

st oOrpyHTYBaHHS BUOOPY MacooOMIHHO1 amaparypu cTaaid XeMocopOlii CIpKOBOAHIO i
KHCHIO MOTJIMHAJIILHUM PO3YMHOM Y XIHT1IPOHHOMY METO[I OYMILEHHS Ta3iB HAMU PO3PAaXOBAHO
Koe]illieHTH MacoBiAadl B PIIMHHIN 1 Ta30Bii (a3ax Mpu BUKOPUCTAHHI MOTIMHAIIBHOTO PO3UYUHY
3 PI3HMMHU KOHILIEHTPALISIMM KOMIIOHEHTIB B OCHOBHHX THIMax abcopOepiB 3a TaKUX BHUXIJIHUX
J@HKX: IPOAYKTHBHOCTI 3a rasamu - 100000 am’/rox, Bmict HaS y mpuposomy rasi - 0,17 % 06.

Koedimientn macosigmaui B rasosiil (;) 1 pinuuHil (Bp) ¢azax moB‘s3aHi 3 ¢i3uko-
XIMIYHUMH BJIACTUBOCTSAMHU PO3UMHY Ta TIIPOJMHAMIYHUMHM YyMOBAMH B MacCOOOMIHHHX amaparax
CHIBBIIHOIIEHHSAMH MDK KpUTEPiIMH MOAIOHOCTI poueciB Maconepenadi [4,5]

Nu’ = ARe™(Pr’)" (4)
ne Nu’, Re, Pr’- kputepii Hycenpma, Pelinonbaca i Ilpanarna, Binnmosimno, Nu’ = ['d/D;
Re = wd/v, Pr’ = v/D; B - xoedimieHT macoBimgmadi, M/c; A, m i n - kxoedimientu; d —
BU3HAUATbHHI jiamerp, M; D — xoedimient mudysii, M°/c; ® - MBHAKICTH TMOTOKY, M/C; V -
KIHEMaTHU4YHa B’ SI3KICTh, M/c.

Jlnst OUIBIIOCTI MPOMUCIOBUX MAacOOOMIHHUX amapaTiB Ta OCHOBHUX MDK(a3HHUX CHCTEM
koedirieHTn A, m i n € Bu3HaueHi [4]. PexomennoBaHi koedilliecHTH B piBHSIHHI (4) A7 KOKHOTO
THUITY anapaTiB, sIKI BAKOPUCTOBYBAINCH HAMH Y PO3paxyHKax, 3BeeH1 y TaOIHULIO.

PexomennoBani koedinieHTH KpUTepialbHUX PIBHSAHB NMpPoLeciB Maconepenayi

Tun abcopOepa ["a3oBa daza Pigunna ¢asa
A M N A M N
HacanxoBuit 0,4 0,67 0,33 0,002 0,77 0,5
BapGoTaxHuii 0,12(d/4)" 0,7 0,5 1,2(d/4)* 0,7 0,5
Hucnepryrounii 0,01 0,72 0,33 0,38 0,41 0,5
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XeMocopOuisi CipKOBOIHIO 3 ra3iB XiHTiIPOHHUM NMONIMHAJBLHUM PO3YHMHOM
BrniuB koHIEHTpallli KOMIIOHEHTIB NOMIMHANbHOrO po3uuHy. lleit napamerp, sk 1

TeMIIeparypa, BIUTMBAIOTh Ha Koe(DIllieHT MacoBiIa4di B pimuHHINA (a3i uepe3 3MiHy KoeQiieHTy
madysii. Po3paxyHkn TMOKa3yroTh, IO, HANpHUKIAJ, JJIS HAcaJKOBOTOo abcopOepa, 3armOBHEHOTO
kimeisiMu Pamrira 50x50x5 BHaBan, koediieHT MacoBiaavi B piquHHIN ¢a3i 3a Temmeparypu 308
K, trcky 0,1 MITa st po3umHy 3 KOHIEHTPALISMH XiHTiIPOHY — 5, KI/M°, HATpilo KapOoHATY —
10, kr/m’ i Harpito Tiocymbdary - 200 kr/m’ (ckopodeno 5-10-200) pisuuii 3,45x10° m/c, a npu
30UTBIICHH] KOHIIEHTpalii HaTpito Tiocynbdary B 1,5 pasu, 3mMeHIIyeThcs Maixke B 2 pa3u. SK i
OYIKYBaJIOCh, 3aCTOCYBaHHsS KOHIIGHTPOBAHIIIOTO MONIMHAIBHOTO PO3YMHY B OLIBIIIA Mipi
BIUTMBAE HA Koe(IIliEHT MacoBiIadl B piinHHIN (a3l 1 qmudy3iiauii omip 1miei ¢azu 3pocrae.
[Tinumiennst temmneparypu Binm 294 no 308 K mus poszumny 5-10-200 mpuBOauMTh 10
30utbieHHs B, B 1,2, a s po3unny 5-30-300 — B 2,8 pasu. ToOTO MifABUIIEHHSIM TeMIIEpaTypu
MOYKHA 3MEHIIIYBaTH OIip PiIUHHOI (a3u i, YUM KOHLIEHTPOBAHIIINHA PO3YMH, THM B OUTBIIIN Mipi.

BB THCKy rasy. 3anexHicTh KoedilieHTa MacoBimmadi B ra3zoBiil ¢asi Big THUCKY
3yMOBJIEHA BILNTUBOM OCTAHHBOTO Ha KoedimieHT audy3ii razy i € o0epHeHO mpornopiiiHoto [4,5].
JUist OLIHKY BIUTMBY THCKY Ha XeMOCOPOILIHHUI Mpoliec BUKOPUCTOBYBAIH MOHSATTA (DYriTHBHOCTI.
Po3paxynku mnsi HacagkoBoro abcopbepa MOKa3yroTh, IO sl mporecy min tuckom 10 Mlla,
MOPIBHSIHO 3 MPOIECOM ITiJ] aTMOC(HEPHUM THUCKOM, KOE(IIIEHT MacoBiIIa4di 31 CTOPOHU Ta30BOi
(hazu 3MEHIIYETHCS Bif 3,53%107 1o 1,64x107 m/c, 0610 B 21,4 pasu. Otrxe, 13 30UTBIICHHSIM
TUCKY au(y3iiiHui omip ra3zoBoi ¢asu Oyne 30impmryBaruck. Tak, 3a Tucky 10 Mlla s
HacaaKoBOTO abcopOepa 3HaueHHs 1/P; piBHe 608,3.

Po3paxynkoBi ¢hopmynu aus pisHUX abcopOepiB (Tadll.) 3HAYHO BIAPI3HSIOTHCS 3HAYCHHSIM
KoediuieHTa A, TOMy aOCONIIOTHE 3HAYeHHS Koe(ilieHTIB MacoBimgadi B piaguHHIA (a3l s
6apOOTaXKHOTO 1 AUCHIEPryIOUOTOo abcopOepiB MOBUHHE OyTH OUTHIIUMH (OMip — MEHIIUM), HDK

s HacankoBoro. Kpim Toro, rizpoauHamiuHi yMOBHM B abcopOepax BIAPI3HSAIOTBCS SK 3a
BEJIMYMHAMU MIBUJKOCTEH ra3y i r'yCTHHH 3pOIIYBAaHHS PIIMHM, TaK 1 BU3HAYaJIbHOI MOBEPXHI.
SIKIO YMOBHO TPHUPIBHATH TiApoAWHaMiuHuN pexkum (BenmuumHu U 1 d) ams HacagkoBoro i
6apbotaxkHOrO abcopbepiB, TO KOePIliEHT MacoBiIayl B piAMHHINA (a3i 11 Apyroro OUIBIINHA Yy
~ 200 pas.

Ha mudysiiinuii onip pimuHHOI a3y, kpiM KoedilieHTa [3,, BIUIMBA€ KOHCTaHTa (ha30BOi
piBHoBaru. Koncranra ¢a3oBoi piBHOBaru (m) € CKIaJ0Bo0 Iu(y3iifHOTO Onopy B piquHHIN ¢a3i
(m/Bp) 1 3amekuTh BiA TeMIepaTrypu Ta ckiaxy po3uuHy. Ilig yac 30UIbIIEHHS TeMIepaTypu
KOHCTaHTa m pi3ko 3pocrae. Tak, uis cucTeMH CIpKOBOJEHb — Boja 3a Temmeparypu 293 K
KOHCTaHTa m pisHa 490x10°, a 3a 308 — 685x10” kI1a [4]. Po3paxyHku 6e3p0o3MipHOI KOHCTAHTH
mc maroth 3Hadenus 0,362 1 0,482, BinmoBigHO.

YMOBHO JUIsl pO3paxyHKiB CKOPUCTAIMCh 3HaUeHHAMHM m Juid cucteMu H,S — Boma. Binrak
omip pimuHHOI ¢asu (m/P,) i posunHy 5-30-300 3a Temneparypu 308 K B HacagkoBomy
abcopbepi pismmit 0,482/(1,79x10°)=26927,4. KoedimienT MacoBinmaui B rasosiii dasi He
3aJICKUTh BiJ BIACTMBOCTEH MOMIMHAIBHOTO PO3YMHY. 3TiTHO HAIIMX PO3PaxXyHKIB JUIs
HacaaKoBOro adcopbepa xoediuient B, 3a Tucky 0,1 MIla pisuuit 3,53x10% m/c , a 1/p, = 28,4,
110 Maii’ke Ha TP MOPSIIKA MEHIE ONIOPY PiAMHHOT (hazu.

VY TakoMy BUNAJIKy HaWIOLUIBHIIINM MacOOOMIHHUM amapatoM Oyne Takwid, B SKOMY
MOJKJIMBE IIBHJIKE OHOBJIEHHS MOBEPXHEBOIO IIapy piauHH. SIK Bimomo, HacaakoBi abcopbepu
CTBOPIOIOTH PO3BHHYTY TYypOYJIEHTHICTh IEpPEeBaXXHO y ras3oBiil ¢a3i, ToMy iX He JOLLIBHO
BUKOPUCTOBYBATH [UI ILIbOTO MPOILECY 3a TAaKUX YMOB. Y 0apOOTaKHUX 1 JUCIEPTyHOUYHX
abcopOepax, sIK MOKa3yI0Th PO3PaxXyHKH, OMIp PIAMHHOIT (a3 TaKoXK € OUIbIINM, HDK OIIp Ta30BOi,
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asie 11 BETMYMHU OJHOTO MOPSAKY. Y TakoMy BHUIAJKY NMOTPIOEH amapart, B SIKOMY 3J1HCHIOETHCS
UIBUJIKE OHOBJICHHSI SIK Ta30BOI, TaK 1 PIAMHHOI IJIIBKU (HU3bKUU Iu(y31MHMUIA omip ra3oBoi i
pinuHHOT ¢a3). ¥V GapboTaxxkHux abcopbepax, 0COONMBO 3 CUTYATUMHU TaPUIKAMH, KOHTAKT MDK
ra3oM 1 PiIMHOIO 3IHCHIOETHCS HE TUTBKM IIITXOM 0apOOTaxy, aje i B 30HaX IiHH, OPU30K Ta
tymany. OTxe, BiOyBaeTbcs ePeKTUBHE OHOBJICHHS ITOBEPXHEBOTO APy PIAWHU 1 Ta3y.
XeMocopOuii KHCHIO 3 OBITPS XiHTi/IPOHHUM MOIVIMHAJIbHUM PO3YHMHOM

Po3paxyHku koedimieHTiB MacOBi1aui CHCTEMH MOBITPS — MOTIIMHAIBHIHA po3uuH 5-10-200
MOKa3yIOTh, IO JJIs Oy/Ib0aIIoK moBiTps =3 MM y 6apOoTakHOMY pexxkumi 1 Temmeparypu 293 K
Bp= 3,78x10% wm/c i Pr= 2,97 x10? m/c. KoHcranTa m IS CHCTEMH KHCEHb — BOJA 3
Temneparypu 293 K pisna 40500x10° xI1a [4]. Biamosiaso omip macosimmadi m/Bp, y piauHHIHA
Ba3i CTae 3HAYHO OUTBIIMIA BiX OMOpY ra3oBoi (a3 i BUKOPHCTAaHHS KOHIIEHTPOBAHIIIMX 32
KOMITOHEHTaMH MMOTIHHAILHUX PO3YMHIB Oyjie HOTO 30UThIITyBaTH.

Tak ik OCHOBHHM OIIOPOM TIporiecy adcopOIii KUCHIO MOBITPSI BOJAHUM PO3YHHOM € OIIip 3i
CTOPOHH PIIMHHOT TIUTIBKH, TO PI3KOTO 3MEHIICHHS IOTO OMOpPY JOCSTATh MUISIXOM
3aCTOCYBaHHS anapariB, y sSIKAX MPOXOUTH IIBUKE OHOBJICHHSI MIOBEPXHI 3 OOKY PIIMHHOI ITIBKA
3a paxyHOk OapOotaxky. HeoOXiqHy IHTEHCHBHICTH aOCOPOIil KUCHIO y 0apOOTaKHUX amaparax
MOYKHAa JIOCSTTH JpPIOHIIIMM TUCTIEPTYBaHHSM NOBITPS Ta 30UTbIIEHHSAM Horo Butparu. lLle
MOSICHIOE TIEPEBAYKHE BUKOPUCTAHHS JJISl pereHepariii po3urHiB MOBITPsAM 0apOOTaKHUX KOJIOH.

@Di3UKO-XIMIYHUM OCHOBaM IPOLECIB XeMOCOPOIii CIPKOBOJIHIO 1 KMCHIO TAaKOX IMOBHICTIO
BIJIOBIa€ TOPU3OHTATBHUI abcopbOep 3 koBmmononionnmu auctnepraropamu (FAK/I) [3]. Koxen
MeXaHIYHUHi aucreprarop B abcopbepi (pexomMeHa0BaHO 3...4 IIT/M JTOBXKHHU Bajly) CTBOPIOE
IITBHY KpamelbHy 3aBicy, SKka MepHeHIUKyIspHa MOTOKy rasy. Lle cTBOproe IHTEHCHUBHHIMA
0araroCTyrneHeBUi KOHTAaKT MDK ra3oM i pimuHor. Kpamis piguHu, SIKy AUCHEpryBald B Macy
rasy, HEMEpPepBHO MPOXOJUTh Yepe3 HOBI HOro mIapW, IO CIpPHS€E MIBHIKOMY OHOBJICHHIO
MOBEPXHEBOTO Iapy Ta3y. 3a paxyHOK «yIapHOTro e(eKTy» - po30MBaHHS Kparieib PiIuHH i 4ac
iX ygapiB B CTIHKM amapary 4u MbK co0oro, B abcopOepi 'AK/] 3aificHIOETbCS TaKOX IIBHJIKE
OHOBJICHHS TIOBEPXHEBOro ImIapy pinuHu. OpHi€0 3 mepeBar IbOTO amapary € HU3bKHN
TipaBIiuHUE omip 1 TOMY B Ipolecax XeMocopOLii CIpKOBOJHIO XIHT1APOHHUM MOTIMHAIBLHUM
po3uuHOM 3a atMochepHoro Tucky abcopbep I'”AKJ] matume nepeBary Hax 6apooTaxkuum. OnHaK
el anapat He NpUAATHUNA U1 pOOOTH MiJl THCKOM.

BucHoBku. 30UTbIICHHS KOHLIEHTPAIii KOMIIOHEHTIB y XIHT1APOHHOMY MOTJIMHAJIEHOMY
PO3uuHi 3MeHIIye Koe]ilieHTH MacoBiAgadl K CIpKOBOJHIO, TaK 1 KUCHIO B piAMHHINA ¢a3i, TOOTO
30uIbLIy€eThCA 11 omip. I3 MiABUIIIEHHSAM THUCKY 30UIbLIYEThCA OMip ra3oBoi (a3u.

Jns HacaakoBUX aOcopOepiB po3paxyHKOBUH OCHOBHUH audy3iiHUN omip mpouecy
30CepeKeHN B pinuHHIA (a3i, xoua mpu 30UIbIIEHHI TUCKY BCe OUIBIIY pOJib Bigirpae omip
ra3oBoi ¢azu. Y 0apOoTaXHUX 1 TUCTIEpryouux abcopOepax Ha Mpolec BIUIMBAE OIIp SIK Ia30BOi,
TakK 1 piAMHHOT (ha3, a i3 30UIbIIEHHSAM THUCKY OCHOBHUH OMIp 30CEPEIKY€EThCS B ra3oBii ¢asi.

AnaparoM, sKkdid HaWOUIbIIe BIAMOBiAAa€e  (I3UKO-XIMIYHMM  OCHOBAM  OUMILIEHHS
BYITIEBOJIHEBHUX Ta3iB BiJ CIPKOBOJIHIO MiJ aTMOC(PEpHHUM THCKOM SIK Ha CTajii XxemocopOuii
CIPKOBOJIHIO 3 Tra3iB, Tak 1 pereHeparii nmormMHaIbHOTO po3unHy € abcopbep I'AKJI. Ilix uvac
OUUIIICHHS T'a3iB MiJ TUCKOM JIOLUTbHIIIE BUKOPUCTOBYBaTH OapOoTaXkHi abcopOepu.

[1] Kohl, A. Gas Purification / A. Kohl, R. Nielsen. Houston : Gulf Publishing Company, 1997.

[2] Yavorskiy V., Slyuzar A., Kalymon Y. Chemistry and Chemical Technology, 2016, 10, 4(s), 613-619.

[3] SABopcekwmii B.: Texnomoris cipku 1 cynbdarHoi kuciaotn. Bua-so HY «JIbBiBcbka nomitexnikay, JIbBis, 2010.

[4] Pamm B.M.: AGcop6mms ra3zos. Xumms, Mocksa, 1976.

[5] JloGotiko A.Sl. wm mp.: Kartamutudeckne W MacOOOMEHHBIC TIPOIECCHI ION JAaBJICHHEM B TEXHOJIOTHH
HEOpTaHMUYECKUX BemecTB. M3-Bo «OcHOBay mipu XapbKOBCKOM YH-TE, XapbKoB, 1993.
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IHI'IBITOPU KOPO3Ii HA®TO3ABOJACHKOI'O OBJIATHAHHS
HA OCHOBI BIJIHOBJIIOBAJIbHOI CHPOBUHUA

Ilempo Toninvnuuskuii, Bikmopia Pomanuyk
«JIvsiscoka nonimexuika», m. JIvgis, eyn. Cm.banoepu, 12,
topoil@polynet.lviv.ua

[IpoBeneHo cuHTE3 HOBUX IHTIOITOpPIB KOPO3il HAa OCHOBI JKUPIB POCIMHHOTO Ta TBAPUHHOIO
MOXO/DKCHHS B3aEMOJIIEI0 3 M- a00 TpUETaHOJAMIHAMH, MiJi0OpaHO ONTHMAIbHI YMOBH CHUHTE3Y.
HocmimkeHo iHTri0yro4y 3/1aTHICTh CHHTE30BAHUX IHTIOITOpIB rpaBiMETPUYHUM METOJOM Ha 3pa3kax 3i
cTaJl, aoMiHiIO Ta Miai. Pe3ynpraT NOpiBHIOBANIM 3 aHTUKOPO3iMHUM e(peKTOM BiOMUX IHTIOITOpiB
Kopo3ii. BcraHoBneHo, 1o iHriOyrounii epeKT amiiB Ha OCHOBI JMETAHOJIaMiHY 1 KHCIIOT SUTOBHYOTO
YKHUPY AOCTATHHO BUCOKHI HABITh y TIOPIBHSHHI 3 BIIOMUMH iHT101TOpaMH KOPO3ii.

KitrouoBi ci10Ba: Kopo3isi, iHTIOITOpU KOPO3ii, 3aXKCT Biji KOPO3il.

Oo6mnagnanns HadTOEPepOOHHNX 3aBOJIIB 3a3HA€ KOPO3il depe3 BMICT B Ha(TI CIPKOBMICHUX
CTOJIYK 1 COJSIHOT KHCIIOTH, SIKa YTBOPIOETHCS TPH TiAPOII3i CONEH, IO 3HAXOAATHCS B Ha(]TI.
JlokanbHi KOpO3iliHI MpOIleCH PYHHYBaHHS METaly, sIKi BUKIMKaHI HAasBHICTIO UX PEYOBHH, €
HalOTBIT HeOe3nmeyHuMu B pobOOTI HadromepepobHoro obmamHanHsA. JlocBim OopoThbu 3
KOPO3i€I0 TIOKa3ye, 1110 BUKOPUCTAHHS IHTIOITOPIB € HAaHOUIBII MPOCTUM Ta BIJHOCHO HEIOPOTUM
METOJIOM 33aXHCTY TEXHOJIOTTYHOTO oOnaaHanHs [ 1, 2].

[HriGiTOp KOPO3il, BBEICHWI B arpecHBHE CEPENOBUINE, TaTbMy€ TMPOIEC KOPO3IMHOTO
pyiinyBaHHs MeTaniB. EdexTuBHI KOHIEHTpamii iHriOiTopiB 3a3BHYail HEBENMKI 1 HE MOBUHHI
3MIHIOBAaTH Hi BJIACTMBOCTI CEpEIOBHINA, Hi 1 CKiIaxy. AJje >KOJIeH 3 po3polieHux B YKpaiHi
IHri0ITOPIB TaK 1 HE 3HAWIIOB 3aCTOCYBaHHSA Ha MPAKTHUIll Yepe3 HEJOCTYIHICTh CUPOBHUHU IS
BUPOOHMIITBA HA YKPATHCHKOMY PUHKY. TOMY MOIIIYK HOBHX JPKEpPEN CUPOBHHHU Ta PO3poOKa Ha ixX
OCHOBI 1HT10ITOPIB KOPO3ii € aKTyaJIbHUM 3aBJIaHHSM.

Mertoro ganoi po6otu Oyio oepaTy HITPOTEHBMICHI PEYOBHHU 3 POCIUHHOT Ta TBAPUHHOT
CUPOBUHU Ta JIOCTIIUTH IX BIACTUBOCTI SIK IHT1OITOPIB KOPO3ii.

IIpu B3aeMomii KOKOCOBOI, CO€BOi, COHSIIHMKOBOI ONI Ta CyMilli >XHPHUX KHCIOT
SAJIOBUYOTO JKUPY 3 JU- a00 TpPUETAHOJIAMIHOM OJEP)KYIOThCS aMifM, SIKI MOXYTh OyTH
BUKOPHUCTaHI sIK 1Hri0iTopu Kopo3ii. KucnoTHuit cknaa oniil Ta xupy, sKi BAKOPUCTaHI B poOOTI,
HaBesieHo B Tabmui 1.

Tabnuys 1
CkJ1aj oJ1iii Ta s110BHYOT0 5KUPY, %0
Kucnorn dopmyna MM T KoxkocoBa CoeBa Cons- AAnopminii

HHKOBA KUP

ITansmiTHHOBA Ci6H3,0, 256 62,9 9 - - 32,5

CreapuHoBa C13H360, 284 69,9 2 3-5 3-6 14,5

OneinoBa CisH340, 282 13,2 7 22-31 14-35 48,3
EpykoBa C»nH40, 333 33,5 - - - -

Jlinonena CisH3,0, 280 - 1 43-58 59-75 2,7
JlinoneHnoBa C13H300, 278 - - 6-11 - -
JlaypunoBa C1,H240, 200 43,6 48 - - -
MipictuHOoBa C14H205 228 58,0 17 - - -

Jlnst ofepskaHHs 1HTIOITOPIB cyMill KMCIOT abo0 OJIif0 3aBaHTAXYBAIU y TPHOXIOPIY KOJIOY,
JI0ZIaBaJIM PO3paxoBaHy KUIBKICTh IU- a00 TpueTaHoJaMiHy npu nepemimyBaHHi. Konly craBuiu
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Ha HarpiBaJlbHUM NPUCTPIM 1 NIAHIMAIM TeMIeparypy A0 3ajaHoi BenuuuHu. llpu 3amanii
TEMIEpaTypl CyMIIl BUTPUMYBAIM 10 5 roAvH. B oxepkaHMX MpoAyKTax BH3HAYalIM TyCTUHY,
MOKAa3HUK 3JIOMJICHHS 1 3aXUCHHUH MMPOTHUKOPO3IHMIA e(eKT.

JlocimKeHHs 3aXUCHOT A1l TPOBOIMIIM TPAaBIMETPUYHAM METOIOM, PO3pOOICHUM aBTOpaMH
[3,4]. KoposiitHe cepenoBHIllEe CKIAAaI0Ch 3 BOAHOTO PO3YHHY COJIEH Ta PEaKTUBHOTO IMaJiBa Y
criBBiHOIIEHH] 2:1.

B Tabnuui 2 HaBeEHO YMOBH Ta pe3ylbTaTH CHHTE3y IHTi0ITOpiB KOpO3ii 3 CyMilli KUCIIOT
SJIOBUYOTO JKHPY 3 M- Ta TPUETAHOJAMIHOM. ['yCTHHA 1 MOKAa3HHK 3aJIOMJICHHS OJEp)KaHHX
MIPOYKTIB 3MIHIOBAIHMCH Y BY3bKUX MEXKaX.

Tabnuys 2
YMoBHU cHHTe3Y iHTiOITOPIB KOPO3ii 3 CyMillli KHCJIOT ATOBHYOTO0 KUPY,
POCJIMHHUX 0JIil Ta M- 200 TPHeTAHOJAMIHY Ta iX (i3MYHI NOKa3HUKH
Ne Tem-pa, Hac .. . 20 20
CUHTE3Y CaiBBiIHOIIEHHS KOMIIOHEHTIB CUHTE3Y np Pa
npoou °C roxn
Nel 120+£5 3 25%(aueranonamin):75%(KUPHI K-TH) 1,4867 0,9646
Ne2 130+£5 3 25%(aueranonamin):75%(KUPHI K-TH) 1,4866 0,9859
Ne3 140+5 3 25%(aueranonamin):75%(KUPHI K-TH) 1,4866 0,9741
Ne4 130+£5 3 35%(nueranonamin):65%(kupHI K-TH) 1,4865 0,9914
Ne5 130+£5 3 15%(nueranonamin):85%(kupHi K-TH) 1,4865 0,9570
Ne6 130+£5 4 25%(aueranonamin):75%(KUPHI K-TH) 1,4652 0,9771
Ne7 130+£5 3 38,5%(Tpueranonamin):61,5%(xup k-tu) | 1,4861 0,9979
Ne8 13045 5 25%(mueranonamin):75%(KUpHI K-TH) 1,4663 0,9781
Ne9 130+£5 4 22%(aueranonamin):78%(COHSIII.OM. ) - -
NelO 130+£5 4 22%(nueranonamin):78% (coeBa oi1.) - -
Nell 130+£5 4 26%(aueranonamin):74%(KOKOC.0I. ) - -

B tabnuni 3 HaBeneHO pe3yabTaTH AO0CTIDKEHb 3aXMCHOTO e(eKTy iHri0iTopiB Kopo3ii Ha
OCHOB1 KOKOCOBO1, CO€BOT Ta COHSAITHUKOBOT oiii (mpobu Ne 9, 10 ta 11) Ha mmacTuHKax 3i crani
Ct 20, mini Ta amoMinito. Butpara mux iariditopis cknazamna 0,6 mia zHa 300 M1 KOpo3iiiHOTO
CepenoBUINa, TemMreparypa aociixy cranosmia 60 °C.

Tabnuys 3
3axucHmii epexT iHTIOITOPIB KOPO3ii
3axucHuii eekr,%
IariGiTop Kopo3ii cranb Ct 20, MiJib, ATIOMIHIH,
Susacrmnen = 3256 MM® | Susacrinn = 4462MM° | Scruen = 3632Mm°
3 COHAITHUKOBOT 0J1ii (Ne9) 80,34 -26,9 -28,0
3 coeBoi ol (Nel0) 54,26 -27,1 -1,9
3 KOKocoBi omii (Nell) 43,62 -19,1 38,3

[Hribitopu Ha OCHOBI POCIMHHOI CHPOBHMHU 3aXMIIAIOTh CTalb JOCUTh Hee(eKTHBHO (43-
80 %), a Mib Ta ATIOMIHIN HE 3aXUIIAI0Th, a HABMAKU CIIPHUSIIOTH KOPO3ii.

[Ipoxyxtu, siki Oynmu oepsKaHi 3 KUPHUX KUCIOT SJIOBUYOTO KUPY B YMOBAX, HABEICHUX B
Tabnauui 2, JOCIHDKYBAIM MpPH paHille OMMCAHUX YMOBAaX HAa MOJKJIMBICTb BUKOPUCTAHHS SK
iHridiropiB kopo3ii. Burpara inridiropis ckianana 0,6 ma Ha 300 M KOpO3IHHOTO CepeoBHUINA,
temneparypa 60 °C. Okpim Toro, Oynu B34Ti Jjs NOPIBHAHHA IMIOPTHI iHridbitopu Dodigen 481
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(Ha oCHOB1 amifiB MojdiaMiHHa(TEeHOBUX KHUCIOT, BupoOnseThes y llBeitmapii) Ta Philm Plus
(IPOAYKT B3a€EMOJIIT KUPHUX KUCIOT TayuioBoi oii 3 (Z)-N-9-okraneuenui-1,3-mpomnaniamMis,
supoOHunTBo CIIA). Ix BuTpara cranmosuna Bim 0,2 mo 0,9 mu ma 300 My cepemoBuIIA.
Pe3ynbpratu 1momo0 BU3HAUEHHS 3aXMCHOI M1l BiJ KOpO3li HAa CTaJbHMUX, MIIHUX Ta AJTIOMIHIEBHX
3pa3kax HaBe/lICH1 B TaONuIli 4.

Tabnuys 4
3axucHa ais (Z) cuHTe30BaHNX iHTidiTOPIiB KOPO3ii Ha Pi3HUX MeTaIax
[uribiTop Butpara, mi Z(crans), % Z(minp), % Z(anromiHii), %
Nel 26,09 -64,75 21,54
Ne2 48,91 -79,51 35,38
Ne3 47,83 -94,26 20,0
Ne4 0,6 46,74 -84,43 57,69
Ne5 -22,39 -24,59 63,08
Ne6 74,66 2,85 22,42
Ne7 53,03 -30,57 -160,6
Ne8 64,88 -1,16 -48,0
Dodigen 0,6 63,29 60,16 -78,18
Philm Plus 0,4 69,05 46,51 -50,4

HaiiBumuii 3axucHuii epexr nokaszas npoaykt Ne6, cuaTe3zoBanuil npu temmeparypi 130°C,
TPHUBAJIOCTI CUHTE3Y 4 IO 1 CIIBBITHOIIECHHI TUETAaHOIAMIH:KUPHI KUcIoTH 1:3. 3axucHuii edexr
i craii ckinaB 74,66 %, mini 2,85 % Ta amominio 22,42 %. 3axucHuii edekT s craii OyB
JIeI0 Kpaluid, HK B IMIOOPTHHX iHTiOiTOpax. Bei mpobu, okpiMm mpobu NeS, nocratubo mo0pe
3aXMINAIOTh CTallb, CIPUSAIOTH KOPO3il MiAl 1 3axXUIIAlOTh aimroMiHid. [IpoaykT, omepskanuil mpu
BUKOPHUCTaHHI TpHUeTaHoNaMiHy (mpoba Ne7), mokas3aB 3aXxMCHUHM €(eKT Aemo MEHIIUH HDK MpH
BUKOPHUCTaHHI AueTaHoNaminy. 3axucHa Jis Ha crani C120 cuHTe30BaHMX IHTi0ITOPIB Oyna Aemio
MEHILIOI0 HIXK B IMITOPTHUX, aJie aJIOMiHI€BY TUIACTUHKY BOHHU 3aXWIIATU 3HAYHO Kpallle.

BucHoBku.

1. IlpoBeneHo MOpPIBHSUIbHI BUIPOOYBAHHS CHHTE30BAHUX IHTIOITOPIB KOPO3ii HA OCHOBI
BIJJTHOBJIIOBAJIbHOI CUPOBUHH 3 IHT10i1TOpaMu KOpo3ii BiTOMUX (ipM.

2. Ilokazano, 1o Hridyrounii e(ekT amifiB Ha OCHOBI IMETAHONAMIHY 1 KUCJIOT SJIOBUYOTO
KHUPY AOCTATHHO BUCOKUH HABITh y MOPIBHIHHI 3 BIJOMUMH 1HT10iTOpaMu KOpO3ii.

3. 3axucHuil edpexT HribiTOpiB, OJepKAHUX 3 POCIMHHHUX OJII HIOKYMM, TOMY HEOOX1IHI
JI0JATKOBI IOCITI/PKEHHS 1I0JI0 ONITUMI3allil yMOB OJiepKaHHS 1 BAKOPUCTAHHS TaKUX IHT101TOPIB.

1. Topilnytskyy P. Corrosion Protection of Oil Production and Refinery Equipment / Petro Topilnytsky //Chemistry
and chemical technology. — Vol. 1. —2007. —Ne 1. — P. 45-54. 2

2. Topilnytskyy P. Investigation of reagents with different chemical compositions for protection of oil primary
refining equipment // Petro Topilnytskyy, Victoria Romanchuk/ Chemistry & Chemical Technology. -Vol. 4, No
3,2010 p.231-236.

3. Tlar. 64703 Ykpaima MIIK®' C23F 11/10, C10 G 75/00, C10 G 7/00 Croci6 BU3HAYEHHS CTYIEHS 3aXHCTY
iHTiOITOPiB KOpO3il s HadTo3aBoackkoro obmamaanHs/ Pomamuyk B.B., Tomimemummkwii I1.1.; 3asBHUK Ta
nateHToBracHUK HamionaneHuii yHiBepcureT «JIbBiBechbKka mosmitextika».- Ne u 2011 06534; 3assn. 24.05.2011,
omy6s. 10.11.2011, 6rom. Ne21

4. Pomanuyk B.B. AHTHKOpO3ilfiHMII 3axUCT HAa(TO3aBOACHKOrO OOJIAHAHHS HITPOTCH- Ta OKCHTCHBMICHUMH
iHTi0iTOpaMu: aBToped.Ha 3000YTTA HayK.CTyI.KaH. TeX.HayK: 05.17.07 — XiMigyHa TEXHOJIOTis MTAINBa i MAJIUBHO-
MacCTIIIFHHUX MatepiamiB: Pomanuyk Bikropis BomomummupisHa.- JIpBiB.- 2013,-21 c.
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MOJIUPIKYBAHHS JOPOKHIX HA®TOBUX BITYMIB CMOJIAMU,
OTPUMAHHUMMU 3 ®PEHOJIBHOI ®PAKIIIT
KAM'SSHOBYT'LIbBHOI CMOJIA

Bonooumup I'vnvka', HOpiu ﬂemuykl, HOpin Jlunko", HOpin Cidynl, Cepein HMuw’e6"

1Haui0Haﬂme? yHigepcumem «JIvgiecbka nonimextixa,
Vkpaina, m. Jlveis, éyn. C. banoepu, 12, 79013, vgunka@gmail.com

Anoranis: MeronoM nomikoHaeHcaii 3 GpopMabIerijoM CHHTE30BaHO CMOINU 3 (eHOIbHOI (paxiii
KaM’sTHOBYT1UIBHOT cMoiu. OniepxkaHo GeHoI0-Kpe3010-PpOopMabICTiIHI CMOJIH 3 IUPOKOT (heHOIBbHOT (pakirii
i «cupux» (heHONIB, BUIICHUX 3 HEi. BCTAaHOBJICHO MOXKIIUBICTh €(DEKTUBHOI'O BHKOPUCTAHHS OJCPIKAHUX
CMOJI Yy SIKOCTI MoM(iKaTopa JOPOKHIX HAPTOBUX OITYyMIB.

bruspko 85 % HadToBHX OITYMIB BUKOPHCTOBYIOTHCS B SIKOCTI B’SXKYYOTO B PI3HHX BHIAX
yKJIaaHHs acalibTy: TPOTyapiB, aBTOMOOUIPHHUX JOPIr, aeporopriB Tomo. lle — ocHOBHWMIA
B’SDKYYM Martepiall, [0 BUKOPHUCTOBYEThCS NpU OyaiBHUITBI aBromuisaxiB. [Ipm 3actocyBanHI
JOPOXKHIX OITyMIB BHHHKAE psij MpoOiIeM, MpOTe HANOUIBII TOCTPOIO € HEJOCTaTHRO BHUCOKI
aare3iiHi BIACTUBOCTI TOBapHUX OITYyMIiB (HaBiTh, SKIIO BOHH BIANOBINAIOTE BUMOTaM
HOPMaTUBHUX JOKYMEHTIB) [1].

OnmauM 13 3aco6iB BupimeHHS wLiel mpobmemMu € MoAW(IKyBaHHS TOBAapHUX ITOPOXKHIX
6irymiB. OnHaK, BUKOpPHCTaHHS MoAM(DIKaTOpiB 0OMEXYEThCS BHACHIJOK 3HAYHOI IX BapTOCTI.
ToMy BaXJIMBUM € TIOIIYK HEAOPOTMX pEUOBMH, sKI O TOKpamlyBalM eKCIUTyaTalliiHi
XapaKTepUCTUKU OITyMiB, IEPIIOYEProBO, AATE3iiTHI.

s momudikariii TopoxkHIX 0iTyMiB Hal9acTillle 3aCTOCOBYIOTh OJIOK-KOTIOTIMEPH CTUPOIY
tunty CBC, 110 3yMOBIICHO X 3[aTHICTIO HE TUIBKU MIBUIIYBAaTH MIIHICTh OITyMY, alie i HaJaBaTu
MOJIIMEPHO-0ITYMHI KOMITO3HUIIIT €1aCTUYHOCTI, B T.4. IPU HU3BKUX Temreparypax [1-3].

[07OBHUM HENONIKOM, IO CTPUMYE TEMIHM 3pOCTaHHS BHUIYCKY MOAM(IKOBAHUX
TepMoenacToriacTaMu OITyMiB, € X Bxe 3raayBaHa BHcOKa BapTicTh (B 1,5-2,5 pasu nopoxui,
aHbk HemoaudikosaHi [1, 2]).

Ha xadenpi «Ximiynoi texHomorii mnepepoOku HapT Ta Tazy» HarioHaabHOrO
yHiBepcuteTy «JIbBIBChbKa TMOJIITEXHIKA» BEAYTbCA JOCIDKECHHS, IOB’SI3aHI 3 OJEp)KaHHIM
BIJTHOCHO JemeBUX 1 e(ekTuBHUX MoaudikaropiB HapTOBUX OITYMIB 3 MOOIYHHUX MPOIYKTIB
KOKcyBaHHS Byriuig [4-7].

Bimomo [1, 3], mo mnpu wmomudikyBaHHI HapTOBUX OITYMIB JOCHUTH €()EKTUBHUM
Moudikatopamu € (eHoI0-PpopMaIbIeriqHi cMoIu. Alle Li CMOJIM, SKi OJepXkaHi 3 YUCTOTO
(beHomy, 3 pAAy TEXHIYHUX 1 eKOHOMIYHUX MPUYMH HE 3HAMIIUIN IIHPOKOTO 3aCTOCYBAHHS B SKOCTI
noJiiMepHUX MoAu}ikaTopiB. 3 iHIIOrO OOKY, OHUM 3 MPOJYKTIB KOKCOXIMIYHHUX MiAMPUEMCTB €
(denonpHa ¢pakiis 3 BuxogoMm 1,5-2,5 % mac. Ha IIKUXTY, B SIKil 30CcepeeHl OCHOBHA YacTHHA
¢benomiB 1 kpe3oiB (0m3bK0 65 %), 0 YTBOPIOIOTHCS il Yac Mpolecy KOKCyBaHHs. BapTicTs x
(beHonbHOT (pakiii kKam’ THOBYTUTbHOT cMouTH, sika MIicTUTh 35-50 % mac. ¢enomis, B 35-40 pa3iB
HWK4a 32 BapTICTh CHHTETUYHOTO (heHomy [8].

Mertoro 1MX JOCHDKEHb Oyln0 MOKa3aTH MOUUIbHICT MOAM(DIKYBaHHS HAPTOBUX OITyMiB
(beHon0-Kpe300-PpopManbIeTiIHIMU CMOJAMHU, OAEPKaHUMH 3 IMOOIYHUX IMPOAYKTIB IpOLECY
KOKCYBaHHS KaM STHOTO BYT'ULIS.
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Jiga  pocniympkeHs Oyno BiaiOpaHo mMpoky ¢eHonbHy ¢pakuito (ILID®D) na IIpAT
«3anmopiHKKOKCY.

OnepxxanHs  (heHOJIO-Kpe30J10-(PpopMaTbACTIAHIUX CMOJ 3MIHCHIOBATN 3 BHUKOPHUCTAHHSIM
MIMPOKOT (PeHONBHOT (paKilii, a TaKoX 3 «CHPHX» (EHOINIB, BUAUICHUX 3 (PeHONbHOI (pakiii
KaM’STHOBYT'UTbHOT CMOJIH.

3 DD 3a momomororo 20 %-oro poszunny NaOH Buimydanu ¢eHonw; BIiAMOBITHO OYyIIO
onepxano «cupi» ¢penonu (CD). Bunyuenns ¢penoniB pozunnom NaOH Ga3yBanocst Ha ToMy, 110
¢deHon 1 oro MoxigHi yTBOPIOIOTH BOAOpO3uMHHI (enonsatu. OcTtaHHI mepeBoIwIn y (GEeHOIn
KOHIICHTPOBAHOIO XJIOPUTHOO KUCIOTO. Buxin «cupux» denoniB (CP) cranosus 32,3 % mac.

[Tponec momikoHAeHcarii GeHoB 3 (HPOPMATBICTIIOM MTPOBOAMINA 32 METOAUKOIO, TIOJIAHOKO Y
[9]. CupoBuHy BMIillyBajlii B TPUTOPJIOBHIA peakTop Ta MpH nepeMinryBanHi HarpiBamm 0 100 °C y
tepmocrtari. [loTiM toaBanyu HEOOXiMHY KUIBKICTh (opMmaliiHy (MacoBUi BMICT (hopMalbleriay y
¢dopmanini craHoBUB 37 %) 1 KOHIIEHTPOBAHOI XJIOPUIHOI KHCIOTH (Karaai3atop), MCIs Yoro
(ikcyBaIM TOYaTOK MPOILIECY, KU 3ilicHIoBaM nipoTsirom 60 xB. 1o 3aKiHYeH1 CHHTE3y TIPOBOIIIIH
BIITOHKY BOJM 1 HEMPOPEAroBaHUX KOMIIOHEHTIB ITiJi BAKyyMOM, ITICJIi YOTO CMOJy BHUCYIIYBAJIU Y
BakyyMHii madi nporsirom 3 rox 3a 100 °C. Buxig oTpuMaHHX CMOJ BU3HAYalId 33 Pe3ylIbTaTaMu
3B)XYBAHHS CHPOBUHH Ta OJICpyKaHuX (heHOII0-Kpe3010-popmarbaerinnux cMol (DiKC-D).

MertoaoM nomKoOHIEH Al 3 (POpMANIBAETIIOM 3 IUPOKOT PeHONbHOT (hpaKIil 1 BUITYyUCHUX 3
Hel «cupux» (eHodiB Oylno oAepkaHO HOBOJA4YHI (HEHOI0-KPe30sI0-POopMaAIBIACTIAHI CMOIH
OIKC-®1 1 @iIKC-D2. YMOBH CHHTE3Y CMOJ MO/AaH1 y Tadi. 1, iXai Buxoau — y tabm. 2.

Tabnuys 1
YmoBH cuHTe3y (peH0J10-Kpe3010-(hopMasibaeriTHIX CMOJI
[Tapamerp 3HaueHHs

*MosnbHe BiTHOLIEHHS «cHpi» ¢eHosnn / popMaibieria 1,42

Macose BigHOIIEHHS «cupi» Gpenomnu / Gpopmainin 178

(BmicT popmanbaeriny B popmaini 37 % mac.) ’

Macoswuii BmicT katanizaropa (konu. HCI), % Ha «cupi» dpenonun 1,0

Temmneparypa, °C 100

TpuBasicts mporuecy, XB. 60

*MonekyIsipHy Macy «cupux» QpeHomi npuiimanu 94,1.
Tabauys 2
Buxomm ¢enosio-kpe3o010-popMaIbIerizHuX MO
Cmona Buxin Ha mmpoky ¢enonbHy ¢pakimito, % mac.
DiKC-D1 18,2
DiKC-D2 29,7

Otxe, mpy BUKOPHUCTAHHI B MPOLIEC] CUHTE3Y KOHLIEHTPOBAHUX (DEHOJIB — «CUPUX» (PEHOIIB —
CIIOCTEPIraeThCsl 3HAYHO OUTBIIMIA BUXiZ CMOJIH Ha CUpOBUHY (29,7 % Mmac.; Tadm. 2).

Jns  onepxkanHs OitymiB, moauikoBanux nonimepamu (BMII), BuxopucroByBaBcs
3aJUILKOBUN (AUCTHIALIMHKUN) HadTOoBUIl nopoxHiid Oitym mapku BJl 60/90, BiniOpanuii Ha
@DpaHKIBCBKOMY HUIAXO0-PEMOHTHOMY yIpaBiiHHI (M. JIbBIB), XapaKkTepUCTHKA SIKOTO IMOJaHa Y
Tabn. 3, a Takok oOkucHeHMH HadroBuii Oitym Mmapku BHJ[ 60/90, BiniOpanuit na IIAT
«YkprarHadgTa» (M. KpeMeHuyk), XxapakTepucTHKa SIKOTO 1ojiaHa y Taom. 4.
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Tabauys 3
XapakTepucTHKA 3aTHIIKOBOro (TUCcTUIsSINiiTHOr0) T0opokHbBOro oitymy BJI 60/90

Bumoru
Ilokazuuk 110 BJT 60/90 Meronuka

['muOvHa MpOHUKHEHHSI TONKH (TICHEeTPaIlis)

I'OCT 11501-
3a emnepatypu 25 °C, M'10™ (0,1 mm) 80 OCT T1501-78
TeMnepaiypa PO3M’SIKIIEHHS 32 KiTbIIeM 43 FOCT 11506-73
1 kynero, °C

JACTY b B.2.7 — 81 i3 nonoBHEHHAM
Anresist 3 moBepxHelo ckia, % 60 BiJMOBiAHO 710 1T 8.6
JACTY 4044
Ajresis 3 MOBEpXHEIO 1EOHI0, Oa 3 JICTY b B.2.7-89-99
Tabnuys 4
XapaKkTepucTHKa OKMCHEHOTo 10poxkHboro 6irymy BH/L 60/90
Bumoru no
IToka3znuk BHJT 60/90 Meroauka

['mubvHa MpOHUKHEHHSI TOJNKH (TIEHEeTpais)

I'OCT 11501-
3a Temmepatypu 25 °C, M-10™ (0,1 mm) 70 oc S01-78
.TeMnepaiypa PO3M’SIKIIICHHST 32 KIJTbIIEM 46 FOCT 11506-73
1 Kyneto, °C

JACTY b B.2.7 — 81 i3 1onoBHEHHAM
Ajnresis 3 MOBepxHE ckiia, % 47 BIAMOBIAHO 10 I 8.6
JACTY 4044

Ajresis 3 MOBEpXHEIO 1IEOHI0, Oa 4 JCTY b B.2.7-89-99

birymu, momudikoBani mnoximepamu (BMII), roryBamm y HacTymHi MOCHIJOBHOCTI:
BUXiIHUI OiTyM HarpiBaiau npu nepemimryBanHi (Re = 1200) o temneparypu mMoaudikyBaHHS
(190 °C), micnst mporo nonasanu neeHy (2,4 % Ha cymiur) Kinbkicts Momudikaropa (PiKC-D) ta
BUTPUMYBaJU BHpoJoBX 1 ron. Pesynbrarn MoamdikyBaHHS 3aJUIIKOBOrO OITyMy MHOJAaHO Y
Tabm. 5

Tabauys 5
YMoOBM NPUTOTYBAHHSA TA XapaKTEPUCTUKH OiTyMiB, MoaudikoBaHUX MoJiMepaMu

Sxicts BMII, Mmonugikatop

[Toxaznuk B 60/90 - -
DiKC-D1 DiKC-D2
['mubrHa MpOHUKHEHHS FOi'IKI/I (menerparis) 3a 20 75 65
temmepatypu 25 °C, m-10™ (0,1 mm)
TemnepaTypa po3m’sSIKIIEHHS 3a KUTbLEM 1 KyJero, °C 43 44 46
Anresis 3 MOBepxXHEO ckia, % 60 87 94
Anresis 3 MOBEpXHEIO 1EOHI0, Oamn 3 5 5

3 nmaHuX, HaBeneHUX y Tabm. 5, BugHO, 1m0 BBeaeHHs B B[ 60/90 cmon cuHTE30BaHUX 3
«cupux» (enonis (GiKC-D2), mpuBoAUTH 10 OLIBIIOTO 3pOCTAaHHS TEMIIEPATYPH PO3M SKIICHHS,
1, 0co0nMBO, azresii, 3aJUIIKOBOr0 HAQTOBOro OITYMY B HOPIBHAHHI 31 CMOJaMU CUHTE30BAaHUMH 3

APGIP-9 Ukraine, Lviv, May 14-18, 2018
131



HOD (DiKC-D1). [Ipore mpu 1poMy Aenio OUIbLIE 3HUKYETHCS IMIACTUYHICTH (IIEHETpallis)
O0itymy. Buxoasum 3 BUIIEHAaBEJEHOrO, HAWOUIBII JOLUIBHO U1 OAEP)KAHHA €(PEKTUBHUX
Mo (iKaTOpiB HAQTOBHUX OITyMIB NMPOBOAMTH CHHTE3 3 BUKOPHCTAHHSIM He (DEHOIBHOI (pakirii
KaM STHOBYT'UTbHOT CMOJTH, 2 BUJIUICHUX 3 Hel «CHpHUX» (DEHOITIB.

VY T1abn. 6 HaBeneHO MOpIBHSIHHS edekTuBHOCTI MOoaudikyBaHHS DiKC-D2 3amMIIKoBoro i
OKHCHEHOTr'0 OITYMiB.

Tabauys 6
INopiBHAHHS OCHOBHUX XapaAKTEPUCTHK 3AJHIIIKOBOI0
i okucHenoro 6irymiB moaudikoBanux ®iKC-®2
BJ1 60/90 + BH/1 60/90 +
[Toka3uuk BJ1 60/90 ®iKC-®2 | BHJ 60/90 OiKC-d2
(2,4 % mac.) (2,4 % mac.)
['nbuHa MPOHUKHEHHSI TOJIKU
(menerpartis) 3a Temmepatypu 25 °C, m-10™ 80 65 70 60
(0,1 mm)
TeMnepilTypa PO3M’SIKIIIEHHS 33 KUTBIEM i 43 46 46 49
kynero, °C
Ajnresis 3 MOBEpXHEO ckiia, % 60 94 47 97
AJresis 3 MOBEPXHEIO IEOHIO, Oan 3 5 4 5

Ha ocHoBi manux Tabn. 6 MOXHa CTBEP/DKYBaTH, IO MOAM(IKYyBaHHS (EHOJIO-KPE30JI0-
¢dopmanpaerinnoro cmonoro @iKC-D2 ognakoBo epexTuBHe, sk i auctusniiinoro (b 60/90),
tak 1 g okucHeHoro (BHJI 60/90) mopoxnix HadroBux Oirymis. IIpu Bmicti 2,4 % wmac.
Mo u(piKaTOpa CIOCTepiraeTbes 30UIbIICHHS TeMIeparypu po3Mm sikinenHs Ha 3 °C, 1 ocoOnuBo,
anaresii ofiep>KaHuX OITYM-TIOIIMEPHUX CyMiIIEH.
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PEI'EHEPALIA BIAITPAIIBOBAHUX HA®TOBUX OJIUB:
AKTYAJIBHICTbD, IPOBJIEMU TA LIJISAXHU IX BUPIIIEHHA

bozoan_Kopuak, Onee I punuwun, Tapac Yepsincokuit
Hayionanvnuu ynieepcumem «Jlvgiscoka nonimexuika»
M. JIveis, 6yn. C. Banoepu 12, 79013, kor4ak93@gmail.com

3pocranHs 00’€eMy BHPOOHMIITBA MACTHJIBHUX MaTepialiB MPU3BOAUTH 1O 30UTBIICHHS
KUIBKOCTI  BiINpampOBaHMX  MacTWIbHUX  MarepiamiB  (BMM), ki €  criIagHuMH
0araTOKOMIIOHEHTHUMH CHCTEMaMH, IO YTBOPIOIOTHCS B MPOIECI EKCIUTyaTallil MacTHIbHHX
MarepiaiiB. 30UIbIIEHHST TepMiHIB ekciuryaranii BMM, y OuIbmIOCTi BUNAAKIB, TPU3BOAUTE IO
YTBOPEHHS il HAKOTIMYEHHS y X CKJIaJl TOKCHYHHMX Ta KaHIEPOTEHHUX CIOIYK, IO 0OYMOBIEHO
TEPMIYHUM PO3KIAJOM, OKHCHEHHSIM ¢ paJUKaJIbHUMH [E€PETBOPEHHSIMH BYITIEBOJIHEBUX
KOMITOHEHTIB MacTHJILHHX MarepiajiiB. bararbma HayKOBUMH JOCIIPKEHHSIMH BCTAHOBJICHO, IO
30UTBIICHHS KaHIIEPOT€HHOI aKTMBHOCTI AEAKHMX BimmpanpoBaHux HadroBux omus (BHO), y
MOPIBHSHHI 13 CBDKUMH, BiOYyBAa€ThCS BHACTIOK HAKOMMYEHHS B HHUX OIOJOTIYHO aKTUBHUX
MOJIIMUKIIYHUX apOMAaTHYHUX BYIVIEBOJAHIB, IO € MPOJYKTAaMH HETOBHOTO 3rOpaHHs HajuBa i
TEPMIYHOTO po3Kiany onuB. Jleski mominukiaiuHi apomarudHi ByrieBoaHi (ITA) € He Tutbku
CHJIbHUMU KaHLIEPOTE€HAMH, aj€ 1 3[]aTHI 10 CHHEPTiYHO1T B3a€MOJII{ 3 IHITMMH CIIOTyKaMH I[bOTO 5K
Kjacy, Oyay4dH, TakMM YHHOM, KOKaHIIEpPOT€HaMH, MPOKAHLEpOTeHaMH 1 mpomyrareHamu. Jlo
qrciaa KOKaHLEPOTeHiB 3 OeH3(a)mipeHy BiIHOCATHCS (ayopaHTpeH, mipeH, OeH3(o)deHaHTpeH,
6en3(g,h,i)nepinen rompo [1,2].

Ha cporonensi cBitoBwuii 30ip BimmparnpsoBanux onuB (BO) ckinamae Oinpme 15 miH. 1/pik,
MpU [[bOMY TEPEeBa)KHA IX KUIBKICTh BHKOPHCTOBYETHCS B SIKOCTI KOTCIBHUX TAJHMB 1 JIUIIE
HE3HauHa KUIBKICTh MIIJA€ThCS pEreHeparlii, 3 METOI0 TOBTOPHOTO BUKOPUCTAHHS Yy PI3HUX
ray3stx IpOMHCIOBOCTI. [3].

[NopiBHsIBHI JaHi 1O 3a0pYIHEHHIO €KOCHCTeM Ta HampsiMkax yrwiizanii BO B kpainax
€Bponu Ta kpainax CH/I nomani Huxk4e, % Bi CIIOKHUBAHHS:

Kkpainu €sponnu:

CKHUJIaHHS B IPYHT 1 BOJIOMMHIIIA 25
30ip 75
B TOMY YHCII:
Ha BTOPUHHY IepepoOKy 25
BUKOPHUCTOBYETHCS B SIKOCTI MaIMBa 49
YTUITIBYEThCS 1
kpainn CHJI:
CKHUJIaHHS B IPYHT 1 BOJIOMMHIIA 26-77
30ip 40-48
B TOMY YHCII:
Ha BTOPUHHY IepepoOKy 14-15
BUKOPHUCTOBYETHCS B SIKOCTI NMajinuBa ab0 yTHII3y€eThCs 26-33

Ha croronenHi cran npoOiemMu 3 BianpanbOBaHUMH HAQTOBUMHU OJIMBAaMH B YKpaiHi MOKHA
oXapakTepHu3yBaTH, siK kKaracTpodiunuii. Tomy, HEOOXiJHO CTBOPUTU HOBY €(EKTHBHO Ii04Yy B
yMOBaX PUHKY CcHCTeMy patioHaisHoro 300py BHO, sk HeGe3neyHMX, BHUCOKOTOKCHUHUX
HadTOBUX BiIXoiB[4].

Haii0inpma yactka y 3arajJbHOMY CIOXHMBaHHI HaTOBUX OJMB B YKpaiHi Mpumanae Ha
MoTopHi (74,1 %) Ta ingycTpianeHi (21,4 %) onuBu. 3 omsgy Ha 1€, HAHOUIBII aKTYaIbHOIO €
npoOieMa o040 BIAHOBICHHS iX pecypey[4].

Ha cporonenni, YkpaiHa, crokuBarouu Outblie 1 MIJIH T/piK TOBapHHX OJIUB, @ B YyMOBAax
BIJICYTHOCTI HOpMaTHBHOTO 300py odiuiiiHo 30upae Onuszbko 500 tuc 1/pik BHO, mae 3naune
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Jokepeno BTopuHHOT HadToBoi cupoBuHHM. Onnak, 90% o0csry BO BUKOpHCTOBYETHCS
HekBaTihikOBaHO a00 CKUAAETHCS Yy JOBKULIS, 10 OOYMOBIEHO BIJACYTHICTIO TOTYKHOCTEH 3
BUKOPHUCTAHHSIM CYy4YaCHMX TEXHOJIOT1i pereHepaiii BiANpanbOoBaHUX oaMB. BogHowac, y
PO3BUHYTHX KpaiHax cBity pereHepaiis BO npocsrae 70%, 1mo mae 3Mmory moBepTratv ix y
BTOPHHHHUI TOBapooOir. Ceper cydyacHHX MPOMHUCIOBUX TporieciB yrumizamii BHO, po3pi3ustors
IpyIy 32 OCHOBHUM CIIOCOOOM OUMINIEHHS, SIKi 300pakeHi Ha puc. 1 [5].

MeTtoar yTEmizami-BHOY

/\
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Puc.l. Vzacanvnena cmpyxmypa memodie ymunizayii 6ionpaybo8anux HaQmoeux o1ue

OCHOBHUMU KPUTEPIIMH 3aMiHU Oy/b-SKOT OJIMBH, OKPIM CIIPAIFOBAaHHS MAaKeTy MPHUCAJIOK, €
YTBOPEHHS MPOAYKTIB OKMCHEHHs. HarpiBaHHs OB, HABITh /10 iX €KCIUTyaTaIlIiHUX TeMIIepaTyp,
32 HasBHOCTI KHMCHIO TIOBITPS, 3MEHIIYE TEPMOOKHCHIOBAIbHY CTAOUIbHICTh BYIJICBOJHIB 1
MPU3BOJUTE J0 YTBOPEHHS HPOJYKTIB OKHCHEHHS Ta achanbTo-cMonucTux pedoBUH(ACP), ski
3a0pyaHIOIOTE onMBY. ToMmy B mporecax pereHepaiii BHO BupimanbHe 3Ha4eHHS Mae ix
OUMILEHHS Bi KucauX npoaykris Ta ACP [6].

Ilopsin 3 uucnenHuMH BigomMuMmHu Metofamu perenepauii BHO 6e3 Bukopucranus
arpecMBHMX CEpEIOBHIL Ha OCOOMMBY YyBary 3aciiyrOBYyIOTb METOAM 3 BHUKOPUCTAHHSIM
KOMIUIEKCOTBOPHUX CIHONYK (kapOaminy um TiokapOaminy). Taki meromm perenepauii BHO
nependayatorh 3minryBanHss BHO 3 meBHOIO KUIBKICTIO BOJHOTO PO3YMHY peareHTa, HarpiBaHHs
CyMillli 10 33JaHOi TeMIepaTypu W BUTPUMYBAHHS 3a IIMX YMOB BIIPOJOBK IEBHOTO MPOMDKKY
yacy. 3a Takux ymoB peareHT y BHO nposiBisie ancopOriiiHi B1acTUBOCTI M 3B’sI3y€ JIesIKi KUCII
MIPOYKTHU «CTapiHHA» BiANpalboBaHOi oauBH[7]. OqHAK, 11€ TPU3BOAUTE J0 BBEICHHS B OUHUILEHY
OJIMBY JI0J1IaTKOBO{ KUTbKOCT1 BO/IM, YTBOPEHHS OJMBHOT eMYJbCil il HEPO3UMHHUX Y Hil MPOJIYKTIB
B3aeMofii. Came TOMy HEOOXiTHO CTBOpPUTH HOBHM Meron oumineHHs BHO y mpucyrHocTi
0€3BOIHOTO KOMIUIEKCOTBOPHOTO PeareHTa.

VY po0oTi BCTAaHOBJICHO MPUHLUIIOBY MOXJIUBICTH XiMidHOTO oumiieHHss BHO kap6aminom Ge3
BUKOPHUCTaHHS HOTO BOJJHUX PO3UMHIB, i 3alIPOIIOHOBAHO METOJ] TEPMOOKHUCHOI pereHeparii BHO.

Jns mpoBenenHs nociuipkeHb BuxignumMu BHO cnyryBamu omuBu mapoxk M-10M
(BmirydeHa 3 KapTepa AM3ebHOIrO JBUI'YHA 3 TYpOOHAAIyBOM CLIBCHKOIOCIOIAPCHKOIO TPaKTOpa
IICIIsA 3aKIHYEHHS BECHSHO-OCIHHIX IOJIbOBUX POOIT y 3axinmHomy perioHi JIbBiBchkOi 00:1.) Ta
NORMAL 15W40 (BunyueHa 3 kaprepa OEH3MHOBOIO JBHMI'YHA JIETKOBOIO aBTOMOOLIS).
Xapakrepuctrka Buxinnux BHO nonana y TaGnui.
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XapakTepucTuka ekcnjayaramniiaux Biaactuocreiit BHO

BianpanpoBana onnBa BianpanpoBana onrBa
Hoxasmuk NO%MAL 15W40 pM-lOJIM

B’si3KicTh, MM/C:

Usg 69,81 51,65

V100 13,96 12,22
Ingexc B s13K0CT1 110 88
Kucnorne uncio, mr KOH/r 2,5 2,71
Jlyx#ne yucio, mr KOH/r 3,46 0,35
Bwict Bomu, % mac. 0,15 0,14
KokcuBnicts, % 1,71 2,30
305bHICTD, % 0,53 0,94

B ocHOBI mporiecy XiMIYHOTO OYMINIEHHSI KapOaMiZoM MOCTAaBICHO 3aBIAHHS CTBOPUTH HOBHIA
crioci6 ounmnennss BHO, sixkuii Ou xapakTepr3yBaBcsi BIICYTHICTIO BUKOPHCTAHHS BOJHUX PO3YMHIB
KapOaMiy 1 3a0e3MeYrB OUYMIIEHI OJIMBU HIKIMM 3HAUYCHHSIM KHUCJIIOTHOTO YHMCIIA, BICYTHICTIO BOJIH
Ta BUIIAM 3HAYECHHSIM KiHEMAaTH4YHOI B’s3kocTi. [locTaBneHe 3aBIaHHS BUPINIYETHCS THM, IO
kapOamin 3a 135-140°C 3xareH po3kiaiaTich 3 yTBOPeHHIM Olypery Ta amiaky. [IpomykTu po3knasy
KapOaminy 37aTHI pearyBaTH 3 KUCIMMH 3a0pyTHEHHSIMH BiIIIPAlbOBAaHOI OJMBU 3 YTBOPEHHSM
HEpPO3YMHHUX Y Hill ocajiB. BogHowac, yactiHa KapOaminy, 0 He po3KiIaiach i HE MpopearyBaia,
37aTHa afcopOyBaTH Ha CBOI MOBEPXHI OUTBII BaK4i BHCOKOMOJICKYISIPHI 3a0pyAHEHHS Ta
ocamkyBath iX.  Jleski pe3yibTaTd MNpOBEIEHUX JOCTIHKEHb 3 BCTAHOBICHHS MOMJIMBOCTI
BUKOPHUCTAHHS KPUCTATIYHOTO KapOaminy st ounteHass BHO 300paxeHo Ha puc. 2.
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Puc. 2. 3mina xucnomnoeo uucna (A) ma indexcy 6’ szxocmi (b)
8 npoyeci Kapoamiono2o ouuwerts sionpayvosaroi oaueu M-10/IM

Sk 6aunMo 3 puc. 2, 13 30UTBIICHHAM KUIBKOCT1 KapOaMiny, 110 MOJA€ThCsl HAa pereHepartito
BO, 3menmyerscs kucnotae uucio (KY) ta 3pocrae iHmekc B’sA3KoCTi onuB. MiHIMalbHE
3HaueHHs KUY Moke OyTu pmocsArHyre mnpu BUKOpHUCTaHHI 5% wMac. peareHra. Boanouac, i3
MOJAIBIINM 30UIBIIEHHIM HOTro KUIBKOCTI Bijg 5% mac. 1o 12% wmac. 3nauenns KU zanumaerses
HE3MIHHMM. 3O0UIbIIEHHS B’A3KOCTI OYHMIIEHMX KapOamiJioM OJIUB €, OUYEBUIHO, PE3yIbTaTOM
B3a€MO/IIT IPOAYKTIB pO3KIaay KapOaminy 3 KUCIUMH pedoBuHaMu BO Ta yTBOpeHHS pedoBUH i3
BUCOKUM 3HAYEHHSM MOJEKYIsIpHOT Macu. OTke, ONTUMAJIbHOIO KUIBKICTIO KapOaminy, IIo
MOJJA€THCS VIS MIPOIIeCy OUYMILEHHS, € 5 % Mac. B po3paxyHKy Ha BO. OxnHak, HE0JIIKOM TaKoro
MeToay € HeMoxuBicTh BuiydeHHs: 3 BHO ACP ta mpoaykriB koHeHcanii i yiuiuibHeHHs. Tomy,
OUMILEHY KapOaMiJJOM BiJl KUCIUX MPOAYKTIB HA(TOBY OJMBY CIiJ 10JaTKOBO ouuiiatu Big ACP
Ta BHUCOKOMOJIEKYISIpHMX 3a0pyaHeHb. Ha Hamy aymky, HailOuibil e(peKTHBHUM MpPOLIECOM
JIOZIATKOBOTO OYMINEHHS MIr OM CIIYryBaTH HpOIEC TEPMOOKHCHOI pereHepaiii ONMBH, SKHH
BIJIPI3HSA€THCS BiJl BIJOMUX BIJICYTHICTIO BUKOPUCTAHHSI arpeCUBHUX CEpEelOBUI (KHUCIOT, JIYriB
TO1I0) Ta OyB €()eKTUBHO BUKOPUCTAHUN JUIS OYMIICHHS JU3EIbHUX W KEPOCHHOBUX (hpaKiiil Bix
CIPKOBHUX Ta CMOJIUCTUX CIOJYK [8].
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Cxema mnabopaTopHOi yCTaHOBKM TepMmiuHoro okucHeHHs BHO mokazana Ha pwuc.3.
VYcraHOBKa CKIIQJA€TBCS 3 PEAKTOPHOrO OJOKY, CHCTEMU CTUCHEHHS Ta OUYMIIEHHS MOBITPS,
OXOJIO/IPKEHHS Ta BJIOBJIIOBAHHS I'a30M0AI0HUX MPOAYKTIB peakilii 1 NpuiaaiB AJsl peryatoBaHHS Ta
BUMIPIOBAaHHS TEMIIEPATYPH, TUCKY 1 BUTPAaTH OKHCHHUKA.

3anpornoHoBaHUN HaMH TMpoiec TepMidyHoro okucHenHss BHO monsirae B JOOKHCHEHHI
MPOAYKTIB «CTapiHHSA» HAPTOBOI ONMBH /IO yTBOPEHHS MPOMYKTIB YIIUJIPHEHb 1 BUIYYEHHS iX 3
JIOTIOMOTO0 BaKyyMHOTO PO3JIUTCHHS.

Y poGOTi BCTAaHOBJIEHO BIUIMB TEMIIEPATYpH, TUCKY W TPUBAIOCTI MPOIECY Ha TEXHIKO-
eKCIUTyaTalliiHI XapaKTepUCTUKHA PEreHepOBAaHMX MOTOPHHX oOJimB. Ha OCHOBI OTpuUMaHUX
pe3ynbTaTiB A0CTIHKEHb BCTAHOBICHO ONTHMAJIbHI YMOBH IPOBEACHHS IPOIIECY.
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Puc. 3. 3mina xucromuoeo uucna ma inoexkcy 6’ sa3xocmi peeeneposanoi onueu M-10/{M
8 3ANIeHCHOCI IO MPUBATOCTIT NPOYeCy MePMOOKUCHOT peeenepayii BHO

Amnani3 pe3ynbTariB A0CTIHKEHb CBIAYUTH PO MPUHIMIIOBY MOXJIMBICTH pereHeparii BHO
METOZIOM TEpPMIYHOTO OKHMCHEHHsA. PereHepoBaHa oJiMBa 3a EKCIUIyaTallliHUMH IMOKa3HUKAMHU
BIJINIOBiJJa€ KOMIOHEHTY 0a30BOi ONMBM, MOXKe OyTH BUKOPHCTAHA JUIsl OTPUMAHHS TOBapHHUX
MOTOPHUX OJIHMB, 200 B IHIIMX raly3sX HAPOJHOTO TOCIOIAPCTBA.

Ha ocHOBI mpoBeneHNX JOCHIPKEHb MOXKEMO KOHCTaTyBaTH, IO 3a JOMOMOTOI0 IpOIecy
TEPMIYHOTO OKHCHEHHS MOKEMO BiJTHOBIIFOBATH JIESIKi €KCILTyaTalliifHi BIaCTUBOCTI (KiHEMaTHUYHA
B’SI3KICTh, 1HJIEKC B SI3KOCTI, KucioTHE unciio) BHO.
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OINITUMAJIBHI YMOBH ITPOIIECY OKCUJAIIAHOI'O
SHECIPYEHHSA BYT'IJIJIA 3 METOIO OJEP)KAHHA CUPOBUHU
JJII BUPOBHUITBA ITNJIOBYI'VIBHOI'O ITAJINBA

I0piu Hpucu.m‘nuﬁl, Mapia llleedl, Cepein Hum’esl,
T'anuna Bifzymakl, Anacmacin Iuw’ eea’, Map’ an Pydkesullz
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Amnoramis: Po3pobieHo eKcrepruMeHTaTbHO-CTATHCTHYHY MOJENb, SKa JO3BOJIMJIA BCTAHOBUTH
ONTHUMAaJIbHI YMOBH JIOCIII/PKYBaHOTO TPOILIECY OKCHIAIIMHOIO 3HECIpUEHHS KaM STHOTO BYTLLISL HU3BKOTO
cTyneHs MeraMop(di3My 3 METOIO OJiepKaHHsI CHPOBUHH JUTsi BAPOOHHIITBA MAJIOBYTUILHOTO MMAJHBA.

3rigHo ocTaHHIX naHMX, omyoOmikoBanux y BP Statistical Review of World Energy [1-6],
CBITOBI JIOBE€/IEHI 3aracu BYTUUISA 3 4acOM He 3MEHIIYIOTHhCS 1 HaBiTh IEMOHCTPYIOTh HEBEIHUKHIA
npupict. Takox po3BifaHi 3amacy BYTrULIS 3aiiMalOTh 3HAYHO OLTBITY YaCTKY MOPIBHAHO 3 IHITUMHU
TOPIOYMMHU KomaimHaMu [6]: Oype 1 kam’siHe Byruuis pazom — 891531 muH. TOoH.; HadTa —
239400 maH. ToH.; ra3 — 133072 MiIH. TOHH.

[IpoTe MOXIUBUM € 3MEHIICHHS BUAOOYTKY Ta CIIOKMBAaHHS BYTULIs, Hampukian, y 2015
poui nopiBHsHO 3 2014 pokxom [1-6]. OnHi€r0 3 MPUYMH IILOTO € HE33JOBUIbHA SKICTh BYTLLIS
(mepioueproBo, BUCOKU BMICT CIPKU B HBOMY).

3anexHo Bifl HANpsIMY 3aCTOCYBAaHHS BYTULISl, BOHO MOBHHHO 33J0BOJIBHSATH NEBHI BUMOTH
o0 sAKocTi. OCOOIMBO 1€ CTOCYETHCS BYTUIIS JJI1 KOKCOXIMIYHOT IIPOMHUCIIOBOCTI, SIKE TOBHHHO
BOJIOAITH CTeNU()IYHUMHU BIACTUBOCTAMH. YacTo, 3 TUX UM IHIIUX MPHYUH, B KOKCOXIMIYHUX
KOMOIHaTIB BHHMKA€ NeiUT y BIAMOBIAHIA CHUPOBHHI, HANPHUKIAA, SKIIO BOHU TreorpagiuHo
JIaJIeKo PO3TalIOBaHi BiJl pOJOBMII] UM Y 3B’SI3KY 31 3MiHAMHU I[iH Ha SKiCHE METaJIypriiHe BYTiUUIs.
Lle, cBO€IO Yeproro, MPU3BOIUTH JI0 MPOOIEM Y poOOTI METATYPIrifHUX MIANPHUEMCTB, AKi B TaKii
CUTyallii 3MyIlIeHI NIYKaTW ajJbTepPHATHUBHI CHPOBHUHHI PECYpCH, HAWIOLIUPEHIIIUM 3 SKUX €
nuioByrinbHe manuso (I1BIT) [7-9].

BnpoBamkenns texnonorii BayBaHHs [IBII y momMeHHOMY BUPOOHUIITBI Mae IEKiTbKa
nepeBar:

- eKOHOMIYHa (3HMKEHHs cOOIBapTOCTI YaByHY 3a paxXyHOK 3MEHILIEHHsS BUTPATU KOKCY 0
250 kr/T yaByHy Ta 3aMiHU JOPOTOTo MpupoaHboro razy [10-11]);

- cTpareriyHa (JaHa mepeBara CTOCYeThCsl KpaiH, SKi HE MAalOTh BJIACHUX CHPOBHHHUX
3amaciB rasy 1 BYTUIIS Ui METalyprii, MpoTe BOJOAIOTh 3HAYHMUMM 3aracaMu HU3bKO- 1
BHCOKOMETaMOP(i30BaHOTO BYT'UIA, K1 JO3BOJIATH CTATH MEHII €HEPreTUYHO 3aJICKHUMN).

Jlo Byrijuis, 3 sIKOTO MOKHa BUPOOJISATH MUIOBYTUIbHE MATUBO BUCYBAIOTHCS JIOBOJI XKOPCTKI
BHUMOTH, NIEPIIOYEProBO 11010 BMICTY CipkH (Tabm. 1).

Amnanizyroun nojasi B Tadn. 1 Bumoru a0 cupoBunu a1 Bupoouuursa [1BII i BpaxoByroun
SKICTh CBITOBMX 3allaciB BYI'ULIs, MOJKHA CTBEp/XKYBaTH, 110 CUPOBMHHA 0a3a JUis BUPOOHHIITBA
MUJIOBYTJIBHOTO MaJIMBa € HEBEIUKOIO:

- BYTUUIS 3 HalHIWKYUM CTyleHeM MmeTamop¢izmy (Oype BYriuis Ta 4acTUHY Kam SHOTO
Byriuist mapok /[, JII')) He MOXHa 3acTOCOBYBAaTH, OCKUIBKM BMICT JIETKUX IE€PEBHIYBaTHUME
JOIyCTUMY HOPMY;

- MOKJaau BYruuis 3 BMICTOM cipku Outbmie 1,2-1,5% ta 3ompHicTioO 10 10-12% wMmac. €
HE3HAYHUMH.
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Tabnuys 1
Bumoru 10 fiKoCTi Byrijuis, 3 AKOro MoKHa BUPOOJISTH MUJI0BYTiIbHE NATUBO [12]

Mapka Kiac 30JIBHICTB, Bonoricts, Bumicr 3aranbHoi Buxin nerkux,
BYTLILIs KPYITHOCTi, MM A % W', % cipku, S . % Ve o
CupoBHHAa JJ11 BAPOOHHUIITBA TUJIOBYT'UILHOTO najiiBa Nel
i 0-50 <38,0 <10,0 <10 <38,0
Ar 0-50 <38,0 <10,0 <10 <38,0
r 0-50 <8,0 <10,0 <10 <38,0
CupoBHHAa J|J1s1 BAPOOHUIITBA TUIIOBYT'UILHOTO ajrBa Ne2
i 0-50 <10,0 <11,0 <1,2 <38,0
Ar 0-50 <10,0 <11,0 <12 <38,0
r 0-50 <10,0 <11,0 <1,2 <38.,0
CupoBuHA 17151 BAPOOHUIITBA MWJIOBYT1LIBHOrO nanrsa Ne3
i 0-70 <10,0 <120 <15 <38,0
Ar 0-70 <10,0 <120 <15 <38,0
r 0-70 <10,0 <120 <15 <38.,0
CupoBuHa J|j1s1 BAPOOHUIITBA TUIIOBYT'UILHOTO ajnBa Ned
i 0-100 <10,0 <120 <15 <40,0
Ar 0-100 <10,0 <120 <15 <40,0
r 0-100 <10,0 <120 <15 <40,0

OnauM 3 BapiaHTiB 30iUIbIIeHHS cHpoBHHHOI O6a3u mst BupoOHunTBa [1BII € momepenne
MOKpAIIeHHsI SKOCTI BYriuis (Horo miaroroBka). 30Kpema, HEOOXITHOTO pPIiBHS CIpKM Yy BYTULI
MOXKHa JIOCSATHYTH MNUISIXOM Horo 3HecipueHHs okcuypamidaum mertogoMm (O3). Cyrp maHoi
TEXHOJIOT1] MOJIsirae B TOMY, IO CipKa y BYriUli, B OCHOBHOMY IIpUTHA, IPU KOHTAKTyBaHHI 3
OKCHJAHTOM (TIOBITPSIM 4M mapo-noirpsHoto cymimio — [ITIC) mepeTBoproeThest y ra3omno1ioHi
cipkoBMicHi komnoHeHTH (SO,, H,S). BmicT nux KOMIOHEHTIB y Ta3ax (Ha BIAMIHY BiJl TUMOBHUX
ra3iB TEC) € nocraTHb0O BUCOKUM, IIIOO KOHLIEHTPYBATH iX BimoMuMu metogamu [13, 14].

Jlnsi  eKCIIepUMEHTAIbHUX JOCHUKEHb BHUKOPHUCTOBYBAJIM KaM’'siHE BYTUUIA MapKH
nosromonym’ssue razoBe (/I'), BimiOpane Ha mraxrti “bimopiueHchka” JlOHEIBKOTO Kam’sHO-
BYT'UIbHOTO Oaceliny. XapakTepHCTUKU 3pa3KiB CUPOBUHH HaBe/IEHI B Ta0. 2.

Tabnuys 2
XapakTepHCTHKH BHXITHOI CHPOBHHH
) . Bwicr cipkn, % Mac.,
Knac kpynrocri, Buict 30IBbHICTS, Bz 3arajpHOl, | MPUTHOI, | OpPraHivYHOI, | CyIb(haTHOL.
e Bonaom, A 0 ne;gllfnx, > > > ; >
Wi | ST v | g s s Sto,
0,1-0,25 3,91 8,15 38,08 3,16 1,60 1,20 0,36
0,25-0,315 4,01 8,22 38,48 2,98 1,53 1,04 0,41
0,315-0,5 4,12 8,00 38,16 2,81 1,54 0,91 0,36

BceraHOBNEHHST ONTUMAIBHUX YMOB IMPOLECY OKCHJIAIIMHOTO 3HECIpUYEHHS BMIIE3ralaHOTO
BYT'JUISL 3 METOIO OJIepKaHHS CUPOBUHHM JJIsl BUPOOHUIITBA MHJIOBYTUIBHOTO MaMBa CKJIAJalIOCh 3
IIBOX €TaIliB:

- TOCIIKEHHS BIUTMBY OCHOBHUX YMHHHUKIB Ha MPOIIEC OKCUIALIHHOTO 3HECIPUEHHS;

- po3po0IeHHs eKcliepuMeHTalIbHO-cTaTucTUYHOT Mozeni (ECM), sika 103BOJIUTH BU3SHAYUTH
ONTUMAaJIbHI YMOBH L[bOTO TPOILIECY.

Ilin «onTUMaTbHUMH yMOBaMM» AaBTOPH PO3YMIIOTh Taki yMOBH OKCHAALIMHOIO
3HECIPYEHHS, 5Kl J03BOJISIIOTh OTPUMYBATH 3HECIpUYEHHUI MPOIYKT, L0 BIANOBIAA€ BUMOTaM JI0
cupoBUHHM A5 BupoOnuirsa [1BIT (tabm. 1).

[IpoBeneHi ekcriepuMEHTaIbH1 A0 CIHKEHHS JO3BOJIMIN BCTAHOBUTH HACTYIHI ONTHUMAJIbHI

iHTepBaJ'II/I 3HaA4YCHb OCHOBHUX LII/IHHI/IKiB, 1O BIUIMBAKOTh Ha MPOLEC OKCHHaHiﬁHOFO 3HecipquH;1:
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- Temrieparypa npouecy — 425-450 °C;

- TpuBanicts — 10-20 xB.;

- BMICT B OKCHAaHTI BojsiHOT mapu — 30,0-45,0 % 00.;

- KPaTHICTh BUTPATH OKCHIAHTY — 4,0-7,0 M°/(Toz. "KT).

OcTaHHiil YUHHUK XapaKTepU3ye BUTPATy OKCHAAHTY. MIOro po3paxoByBalu K BiTHOIICHHS
06’ €MHOT BUTPATH AapO-TIOBITPSHOT cyMiIi (M°/roz.) 10 Macy Byrims (k).

Oxpim TOTO OYII0 BCTAHOBJICHO, IO B Tiporieci O3 ciil BAKOPUCTOBYBATH BYTUIbHY (PpakIriro
0,1-0,25 Mm., a JiHIIfHA TIBUAKICTH PyXy OKCHIAHTY MIOBUHHA cTaHOBHUTH Omm3bko 0,044 m/c.

Hanami Oyino po3poOiieHO alieKBaTHY EKCIIEPUMEHTAIBHO-CTAaTUCTHUHY Mojenb (ECM)
OKCHJAIIHHOTO 3HECIPYCHHS A0 CITIHKYBAHOTO BYT LIS

Jus onucy (po3po6kn) ECM BUKOpHCTOBYBaIM Taki MO3HA4YeHHS ((PYHKIlIi BIAKIUKY Ta
OCHOBHI YNHHHMKH KEPYBaHHS MPOLECOM): Y| — CTYIIHb IEPETBOPEHHS MIPUTHOI CipkH, %; Yo —
CTYIIiHb 3MIHH BUXOJIy JIETKUX, %.; Y3 — CTYIiHb 30UIbIIEHHS 30JIbHOCTI; X — Temmeparypa, °C;
X, — TPUBATICTh TPOLIECY, XB.; X3 — BMICT BOJSHOI mapu y okcuuaHti, % 00.; X4 — KpaTHIiCTb
BHTPATH OKCHIAHTY, M"/(TOI'KT).

Jnst pyHKIIH BIOKIMKY pO3pOOIsuIM pi3Hi TUITH 3a]I€KHOCTEN BiJl YMHHUKIB Tpotiecy. Ane y
KIHIIEBOMY pe3yibraTi, BuOpamu Ti (piBH. 1-3), sKi TpOSBUIM HaMKpally BiIMOBIIHICTD
EKCTIEpUMEHTAJILHUM JIaHUM — KBJIpaTH4YHI MOJIeI (He3HaYMMi Koe]illieHTH HE BPaXOBYBaJIH ).

Y= —2,61128 — 0,042721-X,” — 0,013453-X3% — 1,04597X,> + 0,171645- X, X3 +
0,559559-X5-X4 + 0,711020-X53-X4 + 0,369708-X; — 4,23107-X, —4,79155X3 — 11,1441-X4 1)
Y>= 0,114128 -0,001298X,%> — 0,007936-X,> + 0,004725X5” — 0,203869-X4” —

0,020244-X,-X; — 0,013733-X;-X3 — 0,002929-X,-X4 + 0,296141-X,- X5 + 0,132179-X» X4
+0,156875-X3-X4— 0,202102-X; + 0,090766-X; — 0,106417-X4 2)
Y= 0,111027 + 0,002395-X;* — 0,014426-X,> + 0,006024-X5> — 0,307674-X4> —
0,029509-X;-X; — 0,021324-X;-X3 — 0,006784-X-X4 + 0,462636-X,-X3 + 0,163834-X, X4
+0,216878-X3X4 —0,432638-X,+0,090191-X, +0,113302-X4 3)

OnTtuManbHi YMOBH TIpOLlECY 3HAXOJWJIM Ha OCHOBI pIBHAHB perpecii MeToaoM
PIBHOMIPHOTO TMOIIYKY 3HaueHb Y (s Y| — 1€ MakcUMajibHE 3Ha4eHHS, s Y3 — MiHIMaJbHE,
wis Y, — 1€ 3HA4CHHA, sKe 3al0BOJbHATHME BHMOru a0 [IBIl mo BMicTy JETKHX pPEYOBHH
(Tabn. 1)) 3a HAacTymHUX OOMEXKeHb, fKi Oynu BHOpaHi Ha OCHOBI MEPIIOTO eramy pPOOOTH:
400 < X; < 450 (3 kporxom +5); 10 < X, < 50 (3 xpokom * 1); 30 < X3 < 50 (3 xkpokom =*1);
3,0 < X4<5,0 (3 kpoxom £0,1); Y1 <95;Y,>0,25,Y;3 <22,6.

3HaliieHi ONTHMalbHI YMOBH Ta NPOrHO30BAaHI B HUX PE3YJAbTATH ISl BYTULIS HU3BKOTO
crynenss Meramopdismy mapku JI' momano y Ttabmumi 3. TexHiuyHuii aHaii3 3HECipuUEHOTO
HU3bKOMETaMOP(Pi30BaHOTO BYTJUIS B ONTUMAILHUX YMOBAX MOJIaHO y Ta0m. 4.

Tabnuys 3
OnTuMaNbHi YMOBH Ta OTPHMAaHI B HUX pe3yabTaTu nponecy O3
3HavYeHHS YNHHUKIB 3HadeHHs PYHKIIIN BiIKIHKY TIPOIIECY
S? Bumicr Cryninp Cryninp Cryninb
KBO. | BMicTB " i i | I[epeTBOPEHHS 3MEHILIEHHS 301IbLIEHHS
) . | Buxig | MIPUTHOI 1ep pe :
T, Hac, 3 | OKCHAAHT1 . i MIPUTHOI CIPKH, | BUXOIY JIETKUX, 30JIBHOCTI,
o M BYTLIIS CIpKH,
C | xB. B.IL., ; ’ % Mac % % A
K]— ’ roﬂ % 06- /0 Mac. ’ N ’ - - r “ = r ~ -
YI Ylupm HO3 Yg Y-:jlpul HO3 Y3 Ysllpm HOS
Po3paxyHKOBi 3HaUCHHS
43015510 470 | - [ - | - ] 7857 | - | 042 [ - [ 1540
ExcrieprMeHTanbH1 3HAYCHHS
430 15| 5,10 | 470 | 77,54 | 185,14 - Jos2] - [1337] -
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Tabnuys 4
Texniunmii anaJi3 3HecipuYeHOro Byriuis

BousnoricTts 30JIbHICTD Buxin merkux Bwmict 3aransHoi cipku
(W?), % mac. (AY), % mac. (V¥), % mac. (5, % wac.
1,16 9,24 37,88 1,38

TakuM 9rHOM, Ha OCHOBI MMPOBENEHUX JTOCIIIPKEHh MOJKHA 3pOOUTH HACTYITHI BUCHOBKH:

- CYKYIHICTB PEe3YJbTaTiB eKCIICPUMEHTATBHUX JIOCTIKEHD 110 BUBUCHHI BIUTUBY YHHHUKIB
Ha MPOIEC OKCUIAIIHHOTO 3HECIPUEHHSI BUCOKOCIPYUCTOrO KaM sTHOTO BYT'UUISI HU3BKOTO CTYIICHS
MeTaMop(i3My JO3BOJIMIH PO3POOUTH €KCIIEPUMEHTAIBHO-CTATUCTUYHY MOJIEIb, Ha OCHOBI SKOT
BHU3HAYEHO OINTUMAaJbHI YMOBH JOCII/DKYBAaHOTO TIPOILIECY, a came: TeMIleparypa TMporecy —
430 °C; TpuBamicTh — 15 XB.; KPaTHICTH BUTPATH OKCHAAHTY — 5,10 M*/(TO'KT); BMICT B OKCHIAHTI
BostHOT mapu — 47,0 % 00.;

- 3IOICHEHHSM TPOIECY OKCHIAIIHHOTO 3HECIpUEHHS BYriulsi HHU3BKOTO CTYIEHS
MeTamopdizmy Mapku JII' B onTUManpHUX yMOBaX BJIAJIOCh OTPUMATH MPOAYKT, SIKUH BiAmMOBigae
BHMOTaM JI0 CHPOBHMHH Ui BHUPOOHUIITBA MHUJIOBYrimpHOro manmuBa Ne 3, 4 (tabm. 1) Ta mae
HACTYIHI XapakTepucTHKU: Boaoricts (W*) — 1,16 % mac.; 30JbHICTh (Ad) — 9,24 % wac.; BuXiz
JIETKUX PEYOBUH (Vdaf) — 37,88 % mac.; BMicT 3aranbHoi cipku (S¢) — 1,38 % mac.
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BUKOPUCTAHHSA T'YMOBOI KPUXTH AJ1 MOAUPIKYBAHHSA
BITYMIB, OAEPKAHUX 3 3AJIMIIKIB ITEPEPOBKH
HAPA®ITHUCTUX HADT

Anopin Hazypcovkuii, IOpii Xniouwun, Onee I punuwiun

Hayionanvnuu ynieepcumem «JIvgiscoka nonimexuika»
eyn. C.banoepu 12 79013 Jlvsis, Ykpaina, nagurskiy@ukr.net

Sanumiky nepepoOku napadiHUCTUX HAPT € HU3BKOSKICHOIO CUPOBUHOIO JIUISI BUPOOHHUIITBA
OirymiB. Bucokmii BmicT mapadiHiB 3MEHIIYE €IaCTUYHICTh, MOTIPIIye HHU3BKOTEMIIEPATYypHI
BJIACTHBOCTI OiTyMiB, HETaTMBHO BILTUBAE HA MPOLIEC OAEPKaHHSI OKUCHEHHUX OITYMIB, IO 3arajioM
MOTIpPITYE SIKICTh Ta 3MEHIIYE JOBTOBIYHICTH YCiX THMIB OITYyMHMX HOKpUTh. Bimomo, mo s
MOKPAIICHHS eTaCTHYHUX BJIACTUBOCTEN OITyMIB Ta IS PO3MIMPEHHS TEMIIEPATypPHOTO IHTEPBATY
iXHBOI ~MIACTMYHOCTI MOXHA BUKOPHCTOBYBAaTH TyMOBY KpuxTy. Sk  momudikatop
BUKOPHCTOBYBAJIM T'YMOBY KPHXTY, sika Oyna ojepkaHa NoJpiOHEHHSIM 3HOIIEHUX aBTOMOOLTbHUX
mH. OHaK, HasgsBHI MyOJiKalii 0J0 BUKOPUCTAHHS TYMOBOT KPUXTH y OITyMHOMY BHPOOHUIITBI,
HEIOCTaTHBO PO3KPUBAIOTH MEXaHi3M Mpolecy Moau(iKyBaHHs OiTyMiB TYMOBOIO KPUXTOIO.

Bimomo, 1o ryma — 1ie ByJIKaHi3aT KayqdyKy, 110 32 3BUYaHUX YMOB 3HAXOAWUTHCS y BHIVISAI
TPUBUMIPHOI CTpyKTypH. Ll cTpykTypa, Ha Hamly AyMKY, HE MOXE PO3YHHSATUCS B OITyMmi, 4u
OKpEeMHUX HOro KOMIIOHEHTaX 3a HHU3bKHUX Temmeparyp. Ilinq uac HarpiBaHHS 10 BHCOKHX
TEMIIepaTyp MOXJIMBE PYHHYBaHHS TPUBUMIPHOI CTPYKTYpPH T'yMH Ta TMOJAAIBLIC PO3YMHEHHS
YTBOPEHUX JIHIMHUX ¢parMeHTiB B Oirymi. Came ToMy Temieparypa € BHUpIIaIbHUM
TEXHOJIOTYHUM YUHHUKOM MO (]iKyBaHHS OITYMiB T'yMOBOIO KPHUXTOIO.

TepMiuHy CTIHKICTh 3pa3KiB TYMOBOI KPUXTH JOCTIDKYBAIN MPOBEACHHAM KOMILIEKCHOTO
TEPMOTPAaBIMETPUYHOTO Ta JU(PEPEHIIHHOTO TEPMIYHOTO aHaji3iB y JBOX CEPEIOBHUINAX.
CepenoBuiie aprony (iHepTHE CEpEJOBHILE) MOJIEIIOE MPOIIEC TEPMIUHUX MEPETBOPEHb T'YMOBOL
KpUXTH 0€3 JOCTyIy MOBITPs (KOJIM YaCTHHKA TYMOBOI KPUXTH 3HAXOAUTHCS B 00’eMi OiTymy).
CepenoBuiie MOBITPSI MOJAETIOE TPOIEC TEPMIUHUX MEPETBOPEHb YACTUHOK I'yMOBOI KPUXTH, IO
3HAXOJAThCS Ha TIOBEPXHI 1 KOHTAKTYIOTh 3 KHCHEM MOBiTps. Beranosneno (puc. 1), mo npouec
TEPMIYHOT JEBYIKaHi3allii TYMH B CEPEJOBMIII TOBITPS IMOYMHAETHCS IMICNs HArpiBaHHA [0
temneparypu 210°C, a B cepemoBuili iHepTHOro razy — jno 220°C. 3 MOpPIBHAHO BHCOKOIO
IIBUJKICTIO 1IeH mpo1iec BinOyBaeThes 3a Temneparypu 250-270°C.

[lomepenHi nOCHiKEHHs MOKA3aiy, IO 3 YCIX Pyl KOMIIOHEHTIB OITyMy TUIBKM OJIMBHI
KOMIIOHEHTH MOXYTh IE€BHUM YHHOM B33a€EMOMIATH 3 T'YMOBOIO KpuUXTOl0. Tomy BHBYCHHSA
nporeciB HaOyxaHHS 1 PO3YMHEHHS T'yMOBOi KPUXTH HPOBOJUIM B CEPEIOBHIII 3aJIUIIKOBOL
6a30BO1 OJIMBH, SIKY OJEPXKYIOTh 3 BXKHUX 3QJIMIIKIB, 1 sIKA € aHAJIOTOM BYIJIEBOJHEBOT YaCTHHU
HapTOBUX OITyMIB.

BuBYeHHs 3aleXHOCTI 3MIHM MacH T'yMOBOi KpPUXTH Bl TeMIIEpaTypu Ta TPHUBAJIOCTI
PO3UMHEHHS MOKa3aio (pHc. 2), M0 BIPOJOBXK MEPIIOi FOJUHU BiIOyBaeThCsl HAOyXaHHS TYMOBOT
KPUXTHU 3aBJSIKM TOTIMHAHHIO OJIMBH, K€ CYMPOBOKYEThCS pi3KUM 30umbmeHHsM Macu ['K.
Hapmani mMaca TymMOBOT KpUXTH TOCTYHNOBO 3MEHIIYETHCS, L0 MOSCHIOETHCS YaCTKOBUM abo
MOBHUM 1i pO3YHHEHHSIM Y 3aJUIIKOBI onui. Beranosiero, 1o 3a Temneparypu 150°C B Gitymi
PO3YHHSETHCS HE3HAYHA YacTHHA IyMOBOI KpuxTH. HatomicTs 3a Bumux temmeparyp — 220°C i
250°C — ryMoBa KpUXTa MOBHICTIO PO3YHHSIETHCS B 3aIHUIIKOBIH OJHBI.
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Puc. 2. 3anesxcnicmo sminu macu I'K 6i0 mpusanocmi po3uuHerHs
6 3aIUKOGIU OA3086I 0IUGT MA MeMnepamypu

3 MeTor0 OUIbII TOYHOTO BHMBYEHHS OCHOBHUX 3aKOHOMIPHOCTEH MpOIECY pPO3YMHEHHS
I'YMOBOiI KPUXTH B 3aJIUIIKOBINA OJMBI MPOBOJMIIN 30JIb-TeNb aHaii3. Beranosneno (puc.3), mo 3i
30UIBIICHHSAM TPHUBAJIOCTI PO3YMHEHHS 1 TeMIIepaTypyu KUIbKICTh renb-(pakiii 3MeHmryerscs. Lle
CBIIYUTH Ha KOPHUCTH IMPOIIECY PO3YMHEHHS TYMU B 3aJMIIKOBIH oyuBi. OUYEBUIHHUM € Te, 110 B
o0acTi HM3BKUX TemIeparyp ryma mnepeOyBae B 3LIMTOMY (BYJIKaHI30BaHOMY) CTaHi, a MpHU
BHUCOKHUX TeMIIepaTypax BiOyBaeThcs 4yacTKoBa abO MOBHA JEBYIKAHI3allisl TYMH 1 PO3UMHEHHS
YTBOPEHHUX JIHIHHUX CTPYKTYp y 3aJHMIIKOBINA 6a30Bi OJIMBI.

Amnanoriyai pesynsraTu ojepxkaHo B cepenosumli O0itymy BHB 70/30, orpumanomy 3i
3aJIMILIKY MepepoOKH cymilli napadiHUCTUX Ta BUCOKOMapadiHUCTHX HAPT 3aXiTHOYKpaiHCHKUX
ponosui. IlopiBHioroun po3uuHHICTh ['K B 6iTyMi 1 B 0JIUBI BUSBIIEHO, 1[0 PO3YMHHICTH B OJIMBI
3Ha4HO Kpama. Lle miaTBep/uKye paHille BUCYHYTY TiIOTE3Y II0J0 PO3YMHEHHS T'YMOBOI KPUXTU
camMe B OJIMBHUX KOMIIOHEHTax OiTyMy, Ha BIIMIHY BiJ cMOJ 1 acgaibTeHiB, fKi BXOIATh 10
ckinany 6itymy B sikux I'K nmpakTuaHO He pO3UMHSETHCS.
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Puc. 3. 3anexcnicmo emicmy cenv-ghpaxyii 610 mpusaniocmi po3uuHeHHst 2yMOBOI KpUXmu
6 3aIUWKO8I OA3061U 0UGT Ma MeMnepamypu

BuBYeHO 3MiHY OCHOBHHX €KCILTyaTallifHUX BIaCTUBOCTEN OiTymy mpu moaudikyBanni 'K
B yaci. BcranosneHo, mo temneparypa po3M’siKIeHHsT MO (IKOBaHOTO OITYMY IMiJBUIYETHCS 31
30UTBIICHHAM TPUBAJIOCTI PO3YMHEHHS T'YMOBO1 KPUXTH, a HOTO TICHETPallis 3MEHIITY€ThCS.

Enactuunicts MoaudikoBanoro OiTyMy B MpoOIeCi pO3UNHEHHS T'yMOBOI KPUXTH 32 HU3BKHUX
TeMIIeparyp MiIBUIIYEThCS He3HauHO (puc. 4). HatomicTs mpy po3uMHEHHI aHAJIOTIYHOT KUTBKOCTI
TYMOBOi KpUXTH B OIiTyMi 3a BHCOKHUX TEMIIEpaTyp CIIOCTEpPIraeThCsi pi3ke 30LIbLICHHS
€JIACTUYHOCTI, 110 MOB’S3aHO 3 PO3UMHEHHSM y 0iTyMi (hparMeHTiB JeBYIKaH130BaHOI I'yMH.
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Puc. 4. 3anexcnicmo enacmuunocmi 6imymy bHE 70/30
8I0 Mpueanocmi MoOUPIKY8aHHs 2YMOBOIO KPUXTNOIO

BuBueno 3miny rpynoBoro ckiany 6itymy BHB 70/30 y mpomeci moaudikyBaHHs #oro
I'YMOBOIO KPHUXTOIO (IUB. TaOIHUIIIO).

Bcranosneno, mo mig yac MoaudikyBaHHS OiTyMy 'yMOBOIO KPHXTOIO B YMOBaX HU3BKHUX
temneparyp (150°C) 30inblryeTbcss BMICT B HHX CMOJ Ta acQaibTeHiB, a BMICT OJIMB
3MEHUIYEThCS TMOPIBHAHHO 3 Hemoau(ikoBaHuMm OirymoM. 3a Bucokux Ttemmepatryp (250°C)
CIIOCTEPIraeThCs MiIBUILICHHS BMICTY CMOJI 1 3HMKEHHSI BMICTY acaibTeHiB Ta oiuB. Taka 3miHa
IPYIOBOTO CKJaJy IOBHICTIO KOPETIOETHCA 31 3MIHOK eKCIUTyaTallifHUX BJIACTMBOCTEH
MO (IKOBAHUX OITYMIB.
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I'pynosuii ckaan 6irymy BHB 70/30 Mmoaun¢ikoBaHOro ryMoBOI0 KPHXTOIO

I'pynioBuii cxman 6iTymiB, BwmicT rymoBoi kpuxtu B 6iTymi, % mac.
% Mac.: 0 ‘ 5 10

Temmepatypa moaudikyBanus 150°C

acdanbTeHu 23,62 25,00 27,06

CMOJTH 24,97 27,40 29,35

OJINBU 51,37 47,00 43,10

KapOeHu 1 kapooinu 0,04 0,60 0,49
Temnepatypa moaudikyBanus 250°C

acdanbTeHu 23,62 22,49 21,47

CMOJTH 24,97 27,26 29,44

OJIMBU 51,37 50,12 48,73

KapOeHu 1 kapOoinu 0,04 0,13 0,36

Pesynbratu mpoBeAEHUX OCHIPKEHb Jajdd 3MOTY 3alpolOHYBaTH MeEXaHi3M il TyMOBO1
KPHUXTH, K Mo dikaTopa HaQTOBUX OITYMIB, a came:

— B ymoBax Hu3bKuX Temmeparyp (150-180°C) BinOyBaeThcs mporiec HabyXaHHS TYMOBOL
kpuxtd. ['K mormmHae 4acTUHY OJMBHUX KOMIIOHEHTIB OiTyMy, 3MIHIOIOYM BOJHOYAC HOTO
IpynoBUil ckiaa. Po3unHEHHS r'yMH B KOMIIOHEHTaX OiTyMy Maii)ke He BiOyBa€eThCs;

— 3a BUcOKux Temmeparyp (220-250°C) BinOyBaeThCsi TepMiuHa JEBYJIKaHI3aIlisl TYMHU 3
pPYHHYBaHHSIM TPUBUMIPHOI CTPYKTYPH, a YTBOPEHI JiHIIHI ()parMEHTH PO3UMHSIOTHCS B OITyMi
JaCTKOBO a00 MOBHICTIO.

[Mpunnun aii TymMOBOi KpuUXTH AK Mojau¢ikaTopa HapTOBHX OITyMIB moJiArae y 3MiHi
IPYIOBOTO CKJIaTy OCTAHHBOTO. BHACIIIOK IIbOTO 3MIHIOIOTHCS €KCILTyaTalliiiHi XapaKTepUCTUKU
MO (IKOBAHOTO OITYMY.

B pesynaprari TpoOBENCHHX JIOCTIDKEHb BCTAHOBIEHO MPUHIIUIOBY MOXKIIUBICTh
BUKOPHUCTAHHS T'YMOBO1 KPUXTH JJIs1 MOJIM(IKyBaHHS OITyMiB, Of€p)KaHUX 3 3aJUIIKIB TIepepoOKu
napadinuctux HadT. [Tokazano, mo nogaBaHHS T'YMOBOT KPUXTH €()EKTHBHO BILTMBAE HA OCHOBHI
BJIACTUBOCTI OITyMiB: MEHETpaIlifo, TeMIeparypy pO3M SKIICHHS Ta €NacTUYHICTh, 1 Ja€ 3MOTY
3aMIHUTH JIOPOTi TNPOMHCIIOBI €IacTOMEpH Yy Mpoleci oaep:kaHHS Moau(pIKOBaHUX OITyMiB.
[loka3aHo, 10 JOJaBaHHS T'yMOBOi KPUXTH B KUIbKOCTI 5-12 % Mac. 103BoJis€ Ha OCHOBI
OKHCHEHUX Ha(TOBHX OITYyMIB OTPHUMYBATH OITYMH, MOAN(DIKOBAHI MMOJIMEPOM, SIKi BIATOBIAAIOTH
Bumoram BinnmoBigHo 1o JCTY b B.2.7-135:2014. BcranoBneHo, mo npu MoaudikyBaHHI
nopoxuboro 6itymy BHJ[ 90/130 rymMOBOIO KpHXTOIO y KUIBKOCTI 5 % Mac. 3a Temreparypu
160°C npotsarom 4 roj nae 3Mory orpumaru moau¢ikoBanuii 6itym mapku BMITA-90/130-50, a
npu noxasanHi 10 % mac. I'K 1 ux sxe ymoBax — moaugikoBanuii 6irym mapku BMITA-60/90-53.
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For a long time the term “brittleness” was used when discussing polymers, polymer-based
composites and other materials — in a ‘hand-waving’ way, without a definition. The situation
changes when an equation defining brittleness B was formulated [1]:

B = 1/[E’&] (D

Here E’ is the storage modulus determined by dynamic mechanical analysis at the frequency
1.0 Hz and &y, is the tensile elongation at break. Since the original definition, B became connected
to impact strength [2] and a number of other mechanical and also tribological properties [3].

A similar situation exists with “flexibility” — a quantity mentioned often but in hand-waving
arguments. Therefore, we would like to develop an equation defining flexibility Y. At this time we
have several candidate equations. One of them is:

Ya = Tl'Otl/[B'Zinubi] (2)

Here 1) is the number of bonds in a monomer, X;"uy; is the sum of the strengths of bonds in
the monomer, while the linear isobaric thermal expansivity o is

a; =1'(0VdT)p (3)

where 1 is the length (or height) determined by thermal mechanical analysis.

We shall present relationships involving Y, B, oy and also other properties. Thus, we are
connecting Y to mechanical (tensile modulus, tensile elongation at break, tribological (dynamic
friction, wear) and thermophysical (density, linear thermal expansivity) properties.
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SYNTHESIS AND APPLICATION OF FUNCTIONALIZED POLYOLEFINS
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Despite the technological potential and commercial importance of polyolefins[1,2], their
apolar character, which reduces the compatibility and adhesion with other materials, limits their
application. For example, blends of polyolefins and polar polymers could in principle lead to
materials with unprecedented properties that cannot be achieved by either of the independent
polymers alone. However, the insufficient interfacial adhesion between polyolefins and virtually
any other polymer results in poor mechanical properties of the final products. The adhesion can
significantly be improved by the introduction of appropriate interfacial agents. Incorporation of
polar functionalities into the polyolefins is believed to enhance the adhesive properties of the
polymers and numerous reports describe the synthesis of such products either by reactive
extrusion or by catalysis. Yet, little is known about the actual properties of these materials and
their potential applications. It is known that block and graft copolymers, applied as
compatibilizers, locate preferentially at the interface between the two phases, thereby reducing the
interfacial tension [3]. Therefore, amphiphilic block and graft copolymers based on polyolefins
and for example polyesters with tunable polarity would be highly desired as compatibilizing
agents for a variety of polyolefin-containing blends. The prerequisite is that the different blocks
forming the copolymer are identical or at least miscible with the different phases of the blend.
Chain-end or randomly functionalized polyolefins form a crucial ingredient for the synthesis of
such compatibilizers.

Polyolefin-based block and graft copolymers can be produced using different strategies. The
grafting from approach starting from functionalized polyolefins is most commonly reported.
Radical, ionic and catalytic ring-opening polymerization are the most prevalent polymerization
methods used. The alternative, grafting onto approach is infrequently applied. The combination of
second order kinetics and the low concentration of co-reactive groups (typically chain ends and
the functionalities at the polyolefins) results in low conversions and long reaction times.
Transesterification of a polyester in the presence of a hydroxyl-functionalized polyolefin forms an
exception on this rule. Since the concentration of ester functionalities does not change during the
reaction, this grafting onto process follows first order kinetics guaranteeing a much high
conversion and shorter reaction times than a second order reaction. For this reason and for its
simplicity, this method was investigated here as well.

Herein, we describe several approaches to produce functionalized polyolefins and
polyolefin-polyester block and graft copolymers where the polyester is polycaprolactone or
polypentadecalactone. The efficiency of these block and graft copolymers as compatibilizers in
PO-based blends has been studied electron using microscopy techniques while their thermal and
mechanical properties were evaluated by DSC and tensile tests.

The financial support from SABIC is gratefully acknowledged.
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SPHERICAL NANOSILICA BASED NANOSTRUCTURED COMPOSITES

Regina Jezigrska
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Nanosilica-filled polymer matrix composites have received considerable attention in the
past few years since even small filler contents result in effective enhancement of the properties,
unique and quite different from conventional composites. This new class of materials exhibit
improved thermal stability, enhanced mechanical properties, such as stiffness and toughness,
decreased gas permeability and reduced flammability compared to pure polymers. Moreover, in
case of silica containing immobilized silver or copper nanoparticles enhanced resistance to
microorganism can be achieved. Mentioned above properties are directly related to several
parameters such as polymer-filler interactions, geometry of the filler, its orientation and dispersion
within the polymer matrix and the method of preparation. The most common method is melt
compounding by twin-screw extrusion because it seems to be a cost-effective and environmentally
friendly process.

Spherical silica particles exhibit hydrophilic nature and very high surface energy due to their
extremely high surface area per weight unit and the numerous silanol groups on the surface due to
their manufacturing process. These characteristics lead to the formation of aggregates and
particle-particle interactions between the silica particles in non-polar liquids. Thus in the case of a
non-polar polymers compatibilizers as well as modified silica should be used in order to achieve a
satisfactory dispersion of the filler in the polymer matrix. Several attempts have been made to
improve the dispersion of filler in the polymer matrix such as the incorporation of coupling agents
and compatibilizers during processing or prior to melt mixing process. The compatibilizer should
be miscible with the polymer matrix and should include a certain amount of polar functional
groups. This issue can be also overcome by chemical surface treatment of inorganic fillers and in
situ polymerization, etc. There are two advantages regarding chemical surface modification of
nanofillers. One is the stabilization of nanoparticles towards agglomeration and the other is the
improvement in the compatibility between particle surface and polymer matrix. Maleic anhydride,
acrylic acid or glicydyl methacrylate grafted polyolefines are the most commonly used
compatibilizers.

Due to the unique combination of their key properties and potentially low production cost,
polymer nanocomposites have opened new high technological dimensions in the development of
efficient and low cost high performance materials. By controlling a nanostructure with specified
functionalites (silica, compatibilizer), useful properties (mechanical, thermal, chemical, etc.) can
be significantly enhanced. Spherical nanosilica can be used for the reinforcement of various
polymers and can replace glass fiber reinforcement materials.

Therefore, the effects of spherical silica loading, size and its surface modification (different
functional groups, silver or copper nanoparticles), as well as compatibilizers (functionalized
polyolefines) on the phase behaviour, microstructure, thermal, mechanical, rheological, gas barrier
and bactericidal properties of thermoplastic polymers will be discussed.
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THERMAL EFFECTS OF PVC BY ITS STRUCTURE
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Owing the possibility of wide modification and price competitiveness in comparison with
other polymers, neat poly(vinyl chloride) is used as a base polymer for the creation of various
PVC materials, with a huge number of diverse applications. The most valuable are mechanical
properties of PVC, its high weather resistance, low thermal conductivity and low flammability,
making this polymer preferred for outdoor applications like pipes, fittings, window profiles,
windowsills, sewer systems, sheets, panels, films etc. The plasticized PVC is mostly used for
manufacturing of electric power cables insulations. The restrictions in processing and applications
of this polymer are due to its relatively high glass transition temperature (T,) and low temperature
of degradation.

Temperature depending changes in crystallinity structure

During processing of PVC, a transformation of primary grain morphology into a form of the
final product occurs. This process called PVC gelation, is realized by the simultaneously action of
heat, pressure and shear, and is generally understood as a breakdown of grains and primary particles
followed by formation of a network of crystallites. During gelation the destruction of the original
crystalline structures inside the grains and the development of structures with a smaller degree of
order, called "secondary crystalline structures" network occurs. The degree of gelation depends on
processing parameters and significantly affects the utility properties of the product. Differential
Scanning Calorimetry (DSC) is a commonly used technique for the evaluation of PVC gelation,
based on the analysis of thermal effects occurring during processing of the PVC grains [1].

Heat Flow (mW)
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Fig. 1 DSC trace of PVC processed at the temperature of 175°C,
AHA —enthalpy of melting of secondary crystallites,

AHB - enthalpy of melting of primary crystallites

On the DSC run of unplastified PVC samples, processed at selected processing temperature
(Fig.1), an endotherm AHA related to melting of secondary crystallites appears; the value of AHA
increases with the processing temperature. The AHB endotherm associated with remaining non-
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melted primary crystallites decreases and is shifted towards higher temperature. The consequence
is the increase of PVC gelation degree, as determined according to the formula proposed by
Potente and Schultheis [2]. We have confirmed these effects by DSC measurements performed for
PVC processed in a Brabender kneader by temperature 170-200 C (Fig.2).
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Fig. 2 The values of AHA and AHB enthalpy and degree
of gelation (G) vs. PVC processing temperature

Nanofiller modified T, of PVC

It’s known that the glass transition might be modified in a wide range by addition of
phthalates plasticizers, like diisononyl phthalate (DINP), diisodecyl phthalate (DIDP) and di-2-
ethylhexyl phthalate (DEHP). The plasticizers commonly lower the temperature of the second-
order transition; may lead to reduction of melt viscosity and of elastic modulus, simultaneously
improve flexibility and impact strength of the final product [3].

The reason of the relatively high glass transition temperature are strong intermolecular
forces between PVC molecules, due to the short distances between them. Introduction of
plasticizers causes a swelling of the PVC grains, leading to an increase of distances between
polymer macromolecules, followed by the reduction of interactions and, as a consequence, an
increase of their mobility. A number of theories explaining the mechanism of plasticizing effect in
PVC was developed, including the lubricity theory, the gel theory and the free volume theory [4].
Another modifiers, especially in a form of nanofillers used in PVC compounds, are also leading
to changes of T,. For example the addition of ZnO, ALO;, CaCOs as well as MMT nanoparticles
[5-8] induce an increase of T, in comparison with the unfilled polymer.

The determination of the value of T, is usually done not direct, but based on glass transition
related effects like changes of electrical and heat conductivity, dielectric constant, specific
volume, refractive index, mechanical properties and others. [9]. Thus, the temperature related to
the alterations of these properties may be taken as value characteristic for the glass transition. As
different effects are usually taken into account, the T, value vary from one method to another, i.e.
any of these temperature should be taken as an universal value.

The most often measurement techniques used to determine the value of T, are differential
scanning calorimetry (DSC), thermomechanical analysis (TMA), dielectric analysis (DEA) and
dynamic mechanical analysis (DMA) where three typical approaches for calculating T, by DMA
are used: onset of the storage modulus curve, peak of the loss modulus curve and peak of the tano
curve [10,11]. It has to be stressed that depending on the methods and measurement conditions
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used, like various measurement frequency [9,10,12], usually different values of T, for the same
material are detected. These differences are due to various mobility relaxation time of polar
groups in the chain, as well as thermal stimulation of macromolecular chains movement.
A commonly used DSC method is based on changes in material thermal capacity (Acp) occurring
in the glass transition area, thus the glass transition temperature is the value of the base line
deflection, related to alternation of the specific heat [13].

In our research the influence of addition of various nanoadditives i.e. the Si-cage-like
structure polyhedral oligomeric silsesquioxanes (POSS), carbon nanofillers like CNT as well as
nanosilica on PVC glass transition temperature by DMA, dielectric losses measurements and
differential scanning calorimetry [14-16] was investigated. The PVC compound, in a form of dry
blend with stabilizer and paraffin wax was applied as a matrix of investigated nanocomposites.

By the investigation of PVC nanocomposites with the MWCNT, independent on
measurement method, an increase of T, with increasing concentration of additive was noted,
where the changes of T, could be observed even for very low nanofiller concentration, signifying
an important effect of nanotubes on the PVC chain mobility. We have found that the value of T,
for PVC/CNT nanocomposite is shifted to higher temperature with an increase of the DMA
measurement frequency.

The opposite effect i.e. lowering of T, value, independently on the measurement method and
frequency, was found in case of PVC modified by POSS with various functional groups (POSS)
[15,16]. The T, dependence on modifier content was determined by DSC and DMTA technique,
for measurement frequencies of 1 and 10 Hz. The position of the tan d at its maximum, as well as
maximum value of loss modulus was taken as the glass transition temperature.

In case of PVC modified by a low amount (up to 5 wt%) of POSS with 3-chloropropyl
groups (CP-POSS), a decrease of T, value with increasing modifier concentration, independently
on preparation method of PVC/CPOSS samples, as well as on measurement method and
frequency, was noted. Moreover, the differences between T, values obtained from various
measurements methods, due to diverse way of stimulation of the chain motions (DSC vs. DMTA)
and different time responses of motions, was found [15].

A similar effect appears by modification with the polyhedral oligomeric silsesquioxane
containing methacryl and octyl groups on silsesquioxane cage (MeOct-POSS) [16]. In this case
any influence of low contain of silsesqioxanes addition (up to 2.5wt %) on the T, was noticed; a
lowering of the glass transition may clearly be seen only by the POSS contain of 5 and 10 wt%.
This effect, notably visible by DSC measurement, indicates the tendency of plasticization of PVC
by the MeOct-POSS addition, most probably due to the integration of relatively long octyl groups
of POSS between the PVC macromolecules. This effect was confirmed in a form of lowering of
elastic modulus by uniaxial stress-strain test, particularly for the POSS concentration above
2.5 wt% in PVC matrix. Moreover, independently on type of POSS nano modifier, as higher was
the frequency used in our experiment, as higher was the value of the Ty, that is in agreement with
results presented for PVC/CNT composites.

Therefore, we have stated that both CP- POSS and MeOct-POSS may be applied as non-
phthalate containing plasticizers of the poly(vinyl chloride) [15,16].

The results of DSC tests indicate that the glass transition temperature of poly (vinyl
chloride) may also be influenced by modifier with spherical nanoparticles, like nanosilica. The
decrease in the T, value by about 2 % was found when the content of nanosilica in the PVC
matrix was 1 wt %. On the contrary, an introduction of 4 and 8 wt% leads to an increase in the
glass transition temperature by 5% and 6.5%, respectively, compared to unmodified PVC.
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Influence of nanofiller on PVC thermal stability

Another problem by processing of PVC is its low thermal stability. Depending on the PVC
processing methods and application of products, different types of stabilizers are used. These
stabilizers are introduced either individually or more often in a form of systems of composition
that causes a stabilizing synergic effect. Beside the standard stabilizers, an enhance of PVC
thermal stability by other additives, including fillers in PVC compounds like hydrotalcite,
modified MMT, kaolinite, nanoparticles CaCOs was described in the literature [16-19]. In our
investigations we have confirmed a valuable effect of 1 wt% nanosilica particles introduced to
PVC matrix by rolling mill method. Based on congo-red measurements, thermal gravimetric
analysis and by visualization of color changes of PVC processed at various rolling time we have
found a beneficial influence of nanosilica on the PVC thermal stability, used as a matrix of the
nanocomposites.
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Phenol-formaldehyde resins (PhFRs) are the most known products applied for the
production of casting compounds, protective coatings, glues, etc. [1-3]. The advantages of these
resins are high thermal stability, heat insulation and aggressive media resistance of the wares
based on them [3].

To improve the operational characteristics of PhFRs, as well as to combine them with other
polymer materials, PhFRs are modified with various low- and high-molecular compounds [3]. The
resins may be modified at the stage of chemical reaction with low-molecular compounds, as well
as at the stage of ware formation.

In this work on the basis of known PhFRs we created new oligomers with unsaturated
double bonds or labile peroxy groups in the side chains.

The initial compounds for the synthesis were novolac phenol-formaldehyde resin (NPhFR)
and polyglycidyl phenol-formaldehyde resin (PGPhFR). The oligomers were synthesized
according to the following scheme:
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Glycidyl methacrylate (GMA), methacrylic acid (MA) and peroxy derivative of ED-24
epoxy resin were used as the low-molecular compounds.
Synthesis of phenol-formaldehyde oligomers with methacrylic fragments
The new compounds were synthesized by two ways:
(i) NPhFR was used as an initial compound. GMA, which contains methacrylic fragment in its
structure, was a modifier (1.5 mol/phenolic group). A catalyst was KOH in amount of 0.6
mol per one phenolic group of the initial resin [4]. The reaction temperature was 333 K,
reaction time — 6 h. The reaction was carried out in the medium of inert gas using isopropyl
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alcohol as the reaction medium. The resulting product (Oligomer 1) has the molecular

weight of 640 g/mol and bromine number 22.9 g Br,/100 g product.

(i) PGPhFR was the initial resin and MA (1.0 mol/g-eq epoxy group) was a modifier. Benzyl
triethylammonium chloride (BTEAC) in amount of 0.2 mol/g-eq epoxy group, 60% aqueous
solution, was used as a catalyst [5]. The reaction temperature was 353 K, reaction time —
6 h. To prevent polymerization by double bonds, inert gas was used and toluene was a
reaction medium. The resulting product (Oligomer II) has the molecular weight of 590
g/mol and bromine number 28.1 g Br,/100 g product.

Synthesis of phenol-formaldehyde oligomers with peroxy groups

To obtain phenol-formaldehyde resins with peroxy groups (PhFOP) novolac phenol-
formaldehyde resin was used [6]. Peroxy derivative of ED-24 epoxy resin (PO) was used as a
modifier. The catalyst was KOH in amount of 0.4 mol/phenolic group. The reaction was carried
out at 323 K for 6 h in the medium of isopropyl alcohol. PO amount was 0.5 mol/phenolic group.
The synthesized oligomer (Oligomer III) has the molecular weight of 750 g/mol and active
oxygen content of 1.6 %.

Phenol-formaldehyde oligomers with functional groups as additives for epoxy-oligomeric
mixtures

The synthesized oligomers contain methacrylic fragments and residual phenolic (Oligomer
I) or epoxy (Oligomer II) groups or residual phenolic and peroxy groups (Oligomer III) and may
be used as active additives for epoxy-oligomeric mixtures [7]. The mixtures composed of ED-20
dianic epoxy resin and TGM-3 oligoesteracrylate were used as epoxy-oligomeric ones.
Polyethylenepolyamine was a hardener. When we used Oligomer I and II as the additives, the
mixture additionally contained PO. The amount of phenol-formaldehyde oligomer with functional
groups in the mixtures was 8.3-26.7 wt%.

The protective films were formed stepwise: first at room temperature for 24 h and then at
heating to 383, 403 or 433 K for 15, 30, 45, 60 and 75 min. The optimum process conditions have
been determined. The process chemistry was established and confirmed using IR-spectroscopy.

Bitumen-polymeric mixtures

Bitumen-polymeric mixtures were investigated using road bitumen BND 60/90 with th
following characteristics: penetration 44-0.1 mm, ductility 89 cm, softening temperature 319 K
and adhesion 40.5 %. Oligomers I and III were used as polymeric components in amount of 1, 3, 5
or 7 wt% per 100 mass parts of bitumen [6]. Bitumen-polymeric mixtures were studied at 443,
463 and 483 K for 0.5, 1.0 or 2.0 hours. To determine the reasons for the changes in operational
characteristics the structural-group composition of the formed mixtures was studied.

The conducted investigations allowed to assert that PhFR-based functional oligomers may
be used as the additives for epoxy-oligomeric mixtures to produce protective coatings with
improved performance. On the other side, the introduction of the synthesized oligomers into
bitumen allows to improve the properties of commercial bitumen.
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Stimuli responsive polymer hydrogels may be sensitive to physical (temperature, electrical
or magnetic fields) and chemical (pH, ion factors, glucose, morphine and many other chemical
compounds). An abrupt, reversible transition under a small change in environmental conditions is
the most demanding behavior of such systems. From biomedical point of view non—toxicity and
non—-immunogenicity are also required. Recently, the special interest is focused on the thermo—
responsive hydrogels exhibiting volume phase transition (VPT). They are synthesized from the
polymers with lower or upper critical solution temperature and have been successfully applied in
many fields, also as a carrier for controlled drug delivery into the living organisms. Thermally
induced VPT results from the weakening of polymer—water and simultaneously the strengthening
of polymer—polymer interactions [1]. These changes leads to sudden collapse of polymer network
and to push out the water. This mechanism may accelerate the drug release process in a case of
drug carrier systems [2].

In this work the biocompatible, non-toxic, thermo-—sensitive hydrogels based on
Poly(oligo(ethylene glycol)methyl ether methacrylate) — POEGMAs — were studied. Impact of
molecular mass of used monomers, density of cross-linking and influence of selected non—
steroidal anti-inflammatory drugs (aspirin, ibuprofen, naproxen) on VPT temperature and the
dynamics was studied. Thermo—Optical Analysis and Dynamic Scanning Calorimetry were used
to solve this problem. Swelling properties of obtained materials were compared by gravimetric
methods.
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Rare-earth elements are widely used in many applications (from space technologies to
electronics, etc.) [1-4]. Modern technologies of rare-earth metals production are based on their
extraction from industrial solutions by ion-exchangers [5-8]. Any ion-exchange resin has
selectivity to a certain rare-earth metal ion, restructuring of it is impossible.

Previous investigations showed that hydrogels in result of remote interaction undergo
significant changes of electrochemical, conformational and sorption properties [9-13]. Each
intergel system have maximum values of sorption properties in relation to certain rare-earth metal
at certain hydrogels molar ratios. Aim of the study is to show that change of hydrogels molar ratio
in intergel system hydrogel of polyacrylic acid (hPAA) — hydrogel of poly-4-vinylpyridine
(hP4VP) provides changing of selectivity in dependence of ion nature.

Intergel system interacts with neodymium nitrate solution. Result of such interaction is
sorption of the metal ions. Figure 1 shows dependence of extraction degree of Nd** ions of the
intergel system hPAA-hP4VP from hydrogels molar ratios in time.
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Fig. 1. Extraction degree (in relation to Nd** ions) of intergel system hPAA-hP4VP
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As seen from figure 1, there are areas of maximum and minimum extraction degree. Such
areas are hPAA:hP4VP=5:1, 4:2 and 3:3 ratios. High ionization of polymer structures occurs at
their mutual activation at these ratios. Maximum sorption of neodymium ions occurs at 4:2 ratio,
wherein 91.7% of neodymium is extracted at 48 hours of interaction of the intergel system with
salt solution. Sorption degree of individual hydrogels of PAA and P4VP is 61.6% and 54.6% (at
48 hours) respectively.

Figure 2 represents dependence of polymer chain binding degree (in relation to neodymium
ions) of the intergel system hPAA-hP4VP from time. Polymer chain binding degree of the
individual hydrogels of PAA and P4VP is not sufficiently high (at 48 hours 50.2% and 45.6% of
neodymium is bind respectively). Result of mutual activation of polymer hydrogels is significant
increase of sorption ability of the hydrogels in intergel pairs in comparison with initial hydrogels.
High values of polymer chain binding degree are observed at hPAA:hP4VP=5:1, 4:2 and 3:3
ratios. Maximum values are reached at 3:3 ratio at 48 hours of remote interaction of hPAA and
hP4VP, binding degree is 73.9%.
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Fig. 2. Polymer chain binding degree (in relation to Nd** ions) of intergel system hPAA-hP4VP

Dependence of cerium ions extraction degree of the intergel system hPAA-hP4VP is shown
on figure 3.

As seen from figure 3, maximum amount of cerium ions is sorbed by the intergel system
hPAA-hP4VP at hPAA:hP4VP = 1:5 ratio. Extraction degree of cerium ions at 48 hours at this
ratio is 92.3%. Obtained results indicate that cerium ions extraction degree by the individual
hydrogels of polyacrylic acid and poly-4-vinylpyridine is not very high, sorption degree is 63.3%
and 56.7% for polyacrylic acid and poly-4-vinylpyridine hydrogels respectively. The rest intergel
pairs in the intergel system hPAA-hP4VP also have significantly higher values of cerium ions
extraction degree comparatively with extraction degree of cerium ions of initial hydrogels of PAA
and P4VP.
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Figure 4 shows dependence of polymer chain binding degree (in relation to cerium ions) of
the intergel system hPAA-hP4VP from time. Maximum values of polymer chain binding degree in
the intergel system are observed at hPAA:hP4VP=1:5 ratio at 48 hours, binding degree is 76.6%.
High values of polymer chain binding degree are also seen at hydrogels ratios hPAA:hP4VP=2:4
and 3:3. It indicates to high ionization degree of macromolecules in result of mutual activation of
polyacrylic acid and poly-4-vinylpyridine hydrogels. Polymer chain binding degree of individual
hydrogels of polyacrylic acid and poly-4-vinylpyridine at 48 hours is 52.5% and 47.0%

respectively.
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Obtained results show opportunity to control selectivity of the intergel system based on rare-
crosslinked polymer hydrogels of polyacrylic acid and poly-4-vinylpyridine by changing
hydrogels molar ratios.

Conclusions

1. Individual polymer hydrogels of polyacrylic acid and poly-4-vinylpyridine do not have
high values of sorption properties (extraction degree, polymer chain binding degree) in
relation to Nd** and Ce** ions. Sorption degree of hPAA 61.6% and 63.3%, of hP4VP
is 54.6% and 56.7% respectively to Nd** and Ce®* ions. Binding degree of hPAA 50.2%
and 52.5%, of P4VP is 45.6% and 47.0% respectively to Nd** and Ce** ions.

2. Intergel system hPAA-hP4VP has the highest values of sorption properties in relation
to Nd** ions at hPAA:hP4VP=3:3 ratio. Extraction degree is 91.7%, polymer chain
binding degree is 73.9%.

3. Intergel system hPAA-hP4VP has the maximum values of sorption properties in
relation to Ce** ions at hPAA:hP4VP=1:5 ratio. Sorption degree is 92.3%, polymer
chain binding degree is 76.6%.

4. Selectivity of the intergel system hPAA-hP4VP can be re-arranged by chaining of
hydrogels molar ratios.
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MOLECULAR ASSEMBLAGE OF BLOCK/COMB-LIKE
POLYAMPHIPHILS AND SELF-ASSEMBLIES
IN LIQUIDS AND ON SURFACES
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Nataliya Kinash, Orest Hevus
Lviv National Polytechnic University, Institute of Chemistry, Department of Organic Chemistry,
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Developed synthesis and properties of functional polyamphiphils (PA) and self-assemblies
(SA), micelles, nanoparticles (NPs), and nanobrushes (NBs) of desired size and functionality is
discussed. Combined radical and non-radical methods of the synthesis of primary oligomer-
precursors containing terminal or side reactive groups and their using for LEGO-like assemblage
of PA of block and/or comb-like structures were studied. Proposed approaches are based on
polymerization of functional monomers including unsaturated peroxides in the presence of
functional chain transfer agents. That provides controlling oligomer-precursor chain length and
entering reactive side and terminal groups.
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The oligomer-precursors were used for construction of PA via:

- Polymerization providing formation of comb-like or block-copolymers using oligomer-
precursors with side or terminal peroxide groups as macroinitiators, respectively;

- Polymerization providing formation of block-copolymers using oligomer-precursors with
terminal hydroxyls (PEGs, polyoxazolines, fluorine alkyl alcohols, saccharides, rhamnolipids) as
RedOx macroinitiators with Ce4+ salt;

- attachment of the blocks of distinct branching degree and functionality using oligomer-
precursors with epoxide, amino, hydroxyl terminal groups via non-radical coupling reactions.

The general scheme of the molecular assemblage of the polyamphiphils is presented on the
Figure.

Kinetic peculiarities of every polymerization step were studied. Novel copolymers were
soluble in solvents of different polarity in wide pH range. Novel oligomer-precursors and PA of
variable architectures, controlled lengths of blocks and side branches were studied using GPC,
spectroscopy, and colloidal-chemical techniques. PA form SA of different degree of self-
organization, size and morphology in liquids of various polarities as well as on surfaces of
polymeric and inorganic nanoparticles and flat plate surfaces of various natures.These self-
assemblies are specific containers for solubilization of water-insoluble substances and
nanoreactors for nucleation and functionalization of magnetic, luminescent and scintillation NPs
and NBs on the surfaces. TEM, DLS, SAXS, RAMAN and luminescent spectroscopy were used
for study of SA, NPs and NBs.

The developed functional nanostructures were successfully tested as vehicles for drug and
nucleic acid delivery and as physically detectable cell labels and scintillators for registration of X-
ray and neutron irradiation.
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ACRYLIC ACID SYNTHESIS.
CONVENTIONAL (OIL-BASED) METHOD VS NEW APPROACHES
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Acrylic acid (AA) is a valuable monomer, world production of which amounts near 5
million tons annually. AA is used for production of paints, dispersants, textile auxiliaries etc. [1 —
5]. In last decade the amount of superabsorbent polymers production based on AA was rapidly
increased [5]. It causes AA market growing by 3 — 6 % annually and this growing will continue in
long run trend.

The conventional method of AA production is the two-step propylene oxidation via
intermediate stage of acrolein formation [6]. This method is characterized by good economic
efficiency and simplicity of technological design, but it is based on oil feedstock and therefore is
strongly dependent on highly volatile oil market. During 2005 — 2014 oil prices were high enough
to cause a problem of diversification of AA raw materials base and high relevance of new methods
of AA production development. And development of methods of renewable AA synthesis has
become a new trend. Based on this point of view the most promising methods are AA synthesis
based on glycerol and AA synthesis based on biomass. Another method which also can be
considered as a method of renewable AA synthesis is aldol condensation of acetic acid with
formaldehyde (via the scheme: biomass — syngas — methanol — acetic acid and formaldehyde —
acrylic acid).

The aim of this paper is to compare the most promising methods of AA production with the
conventional (oil-based) one.

Glycerol based acrylic acid. An interest to this approach increased with biodiesel boom.
The reason is the by-product of biodiesel production is glycerol which became widely accessible
and comparably inexpensive raw material (Fig. 1). There are numerous publications regarding
glycerol oxidehydration into acrolein and acrylic acid. And W—V—-Nb-O bronzes catalysts are
among the most efficient ones [7]. It was also reported one-pot glycerol oxidehydration to acrylic
acid over multifunctional catalysts [8]. But the highest AA yield does not exceed 50.5 %.
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Fig. 1 Global glycerol production
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Biomass based acrylic acid. Production of AA from renewable raw materials is carried out
by fermentation of biomass to lactic acid with further dehydration to AA. Ca—Cu—Na—K sulfates
were reported as efficient catalysts of lactic acid to AA dehydration [9]. The separation and
purification of lactic acid from fermentation broth is a difficult process because of the unlimited
solubility of lactic acid in water. An alternative procedure was achieved by forming methyl lactate
first and then purifying it via distillation, followed by hydrolysis of methyl lactate to lactic acid. It
was reported methyl lactate could be used as feedstock for the production of other chemicals such
as acrylic acid and save energy costs [10]. The AA yield or the total AA and methylacrylate yields
are near 63 %. The principal weakness of this approach (biomass based AA) is considerable
duration of the process [11] and consequently low productivity of reaction equipment.

Condensation methods. The reactions of aldol condensation of carbonyl compounds are
among the most promising methods of acrylic monomers production. AA synthesis via the route:
biomass — syngas — methanol — acetic acid and formaldehyde — acrylic acid can be considered as a
renewable method of acrylic acid synthesis. All stages of the specified method, except the last
one, are implemented industrially. However, aldol condensation of acetic acid (AcA) with
formaldehyde (FA) to AA is not realized in practice due to insufficient performance of known
catalysts for this stage. Nevertheless, the number of studies devoted to this process has been
increased recently.

Different approaches were used for efficient catalysts development: acid type catalysts [12],
base type catalysts [13], as well as bi-functional type catalysts [14] were synthesized and tested
for acrylic monomers synthesis via aldol condensation reaction. Also different supports were used
for catalyst synthesis: SiO,, TiO,, ZrO,, Nb,Os, Sb,03;, AL,O;, and the effect of support-oxide
interaction on catalytic performance in aldol condensation processes was reported [15]. So the
qualitative and quantitative composition of the catalyst, acid-base characteristics of the catalysts
surface and support-oxide interaction were found as the factors affecting its catalytic performance
in aldol condensation of carbonyl compounds.

In recent researches it was reported that the use of SBA-15 carrier for V-P-O catalyst may
be efficient in AA and methylacrylate synthesis [16]. And, like in other papers, the catalytic
performance was associated just with acid—base properties of catalyst which is caused by support
type and the P/V atomic ratio.

In our previous researches it was determined that B-P-W-V—-0,/SiO, catalysts are rather
efficient in gas-phase aldol condensation of AcA with FA to AA [17]. It was found out that the
optimal atomic ratio of the catalyst components B:P:(W+V) is 3:1:0.3; and the optimal atomic
ratio W:V is 2:3. The application of this catalyst allows to achieve 57 % AA one pass yield.

It is well known that efficiency of its use as a catalyst depends on many physical-chemical
characteristics, namely specific surface area, porous and crystal structure, surface acidity. The
latter can be varied within wide range by hydrothermal treatment (HTT). So it was interesting to
determine the effect of hydrothermal treatment of the silica support of B-P—W-V-0,/SiO,
catalysts on its properties in condensation reactions. Thus, to regulate the porous structure of the
support, latter was subjected to HTT in the temperature range 100-250°C for 3 h.

As it can be seen from the Fig. 2, the maximum on curves of pore size distribution (PSD) is
shifted towards higher values of pore diameter when temperature of HTT increases. The catalyst
supported on silica and subjected to HTT at 150 °C is characterized by the highest catalytic
performance. We associate the increasing of catalysts performance mostly with changing of pore
size distribution of the catalysts surface. In addition to increase of mechanical strength of silica
gel granules subjected to hydrothermal treatment, reduction of coke formation takes place, as well
as prolongation of the catalysts life.
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B-P-W-V-0,/Si0; catalysts are also efficient in oxidative condensation process (oxidative
condensation of methanol with acetic acid to acrylic acid and methylacrylate (Table. 1)). The
feature of this process is simultaneous obtaining of two valuable monomers — AA and
methylacrylate.

Table 1
Performance of the B-P-W-V-0,/SiO; catalysts in aldol condensation
and oxidative condensation processes (at optimal conditions)
Process Aldol condensation Oxidative condensation

Parameter UCI:,[z?]tsetd ;F;f;‘;escl Liiiﬁ?/gid Treated catalyst

Conversion, % 64 75 38 57

Selectivity, % 89 91 93 93
One pass yield, % 57 68 32% 50%*

* - Total yield of acrylic acid and methylacrylate

Oil based acrylic acid. The method of AA production from propylene via intermediate
stage of acrolein formation became quite popular since 80s of the 20th century. AA yield based on
propylene is near 81 % [18]. Both stages are carrying out in flow rate reactors with fixed catalyst
bed. The regular temperature for propylene oxidation is 350 °C and for acrolein oxidation 320 °C.
The reaction steam moves to the second stage without separation.

Relative oil market stabilization after 2014 remains this method of AA production as the
most preferable in terms of economic efficiency. But there are series of publications regarding
direct propane oxidation to AA [19]. The reason is propane is much cheaper raw material. But due
to low AA selectivity this method is still under development.

Taking into account that fact acrolein is the intermediate product of high scale AA
production (conventional method) and also intermediate product of one of the most promising
alternative (green) methods of AA production (based on glycerol), improving the performance of
acrolein oxidation catalysts is of high interest.

Thus, highly selective unsaturated aldehydes oxidation in the presence of inorganic Se-
containing catalysts was reported [20]. But the use of water soluble catalysts causes the problem
of reagents separation and catalysts separation and reuse. To solve this problem we use novel type
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of acrolein oxidation catalysts — Se-containing microgel-based colloidal organocatalysts. Use of
these catalysts allows us to convert acrolein to AA or methylacrylate (in methanol medium) at
high one pass yield as well as high selectivity (up to 97 %). Another huge advantage of these
catalysts is simplicity of catalysts separation and reuse. Besides, the process is carrying out at
mild reaction conditions (at 50 °C and atmospheric pressure) (Table 2).

Table 2
Comparison of the methods of acrylic acid and methylacrylate synthesis
Method of acrylic acid Reageqt Acrylig gcid Methyla'qylate Total Temperature,
duction conversio | selectivity, selectivity, acrylaFes one oC
pro n, % % % pass yield, %
Acrolein oxidation 94 89 0 84 320
(industrial process)
Glycerol oxidehydration 100 50.5 0 50.5 265
Biomass conversion via - - - 63.7 330
lactic acid
Biomass conversion via 76 54.3 26.4 61.3 400
methyllactate
Aldol condensation of 75 91 0 68 380
acetic acid with
formaldehyde
Oxidative condensation of 57 89 4 50 400
methanol with acetic acid
Oxidative esterification of 93 0 97 90 50
acrolein with methanol
using Se-containing
microgel catalysts

Taking into account the summarising results (Table 2), all considered approaches of acrylic
acid (methylacrylate) synthesis are highly competitive. And industrial implementation of them
will facilitate the expansion of raw materials base of AA production as well as reduction of its
price.
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SULFUR/ORGANIC COPOLYMERS
AS VULCANIZING AGENTS FOR RUBBER
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It is well known that sulfur is present in nature in native form, for example in Tarnobrzeg
(Poland) or occurs in a form of various sulfur-containing minerals (sulfides or sulfates).
Moreover, nowadays enormous amounts of sulfur are also generated as a waste from petroleum
industry. This is related to indispensability of its removal in petroleum refining processes in order
to obtain fuels with low sulfur content and lead to waste-sulfur problem. One of rising and
environmentally beneficial approach to consume by-product sulfur is using it for synthesis of
sulfur/organic copolymers [1-3].

The most thermodynamically stable form of sulfur under ambient conditions is
orthorhombic sulfur (S,) present in the form of eight-membered rings (Ss). During heating,
orthorhombic sulfur firstly converts into monoclinic sulfur (Sg) at 95,6°C and afterwards at
temperature of about 119°C the crystals of Sg and residual crystals of S, melts into yellow, low-
viscous liquid (S;) which still consists mainly of Sg rings. In the melted sulfur, above the
temperature of about 159°C (S,), eight-membered sulfur rings undergoes ROP (ring-opening
polymerization) which leads to formation of linear, diradical sulfur forms and consequently
polymeric sulfur (S) deep-red in colour. Rapid quenching of the polymerized mixture to room
temperature results in obtaining product consisting of polymeric (insoluble) sulfur and unreacted
(soluble) sulfur in the form of Sg rings. However, polymeric sulfur quickly recombines at room
temperature back to the Sg form (namely S,), thus its stabilization is essential to obtain any useful
product [3-6].

Stabilization of thermally generated sulfur diradicals during ROP process may be attained
towards copolymerization process with unsaturated organic compounds i. e. dicyclopentadiene
(DCPD), styrene (ST) or limonene (LIM), which may also be a by-product from citrus industry.
Bulk copolymerization of elemental sulfur with unsaturated organic compounds leads to synthesis
of sulfur/organic copolymers and has been studied for over 40 years [6]. However, recently it has
gained new recognition due to successful copolymerization of elemental sulfur with 1,3 —
diisopropenylbenzene by W. Chung and J. Pyun [3], the so-called ,,inverse vulcanization” and its
use in advanced, cutting-edge applications (e.g. polymeric electrode materials for Li-S batteries,
infrared transmitting materials) [2, 3, 7]. General scheme of copolymerization reaction between
elemental sulfur and unsaturated organic species is presented below (Fig. 1).
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Fig. 1. General scheme of copolymerization reaction between elemental sulfur
and unsaturated organic compounds.
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Up to now, in rubber industry only two types of sulfur gained widespread use —
elemental (orthorhombic) — soluble in-rubber and polymeric — insoluble in-rubber.
Application of sulfur/organic copolymers in rubber industry as vulcanizing agents may
constitute very promising approach in its utilization, facilitating production of alternatively
cross-linked rubber vulcanizates of enhanced properties in comparison to conventional ones.
What’s more, due to insolubility of polymeric form of sulfur in rubber, sulfur/organic
copolymers do not have tendency to bloom on the rubber surface and simultaneously may
prevent from loss of tackiness. Despite not many reports on application of sulfur/organic
copolymers in elastomeric composites can be find in the scientific literature, there are some
examples present in the patent literature [8-11].

In our research, a few various sulfur/organic copolymers were synthesized via ,,inverse
vulcanization” process (Table 1) and purified from unreacted (soluble) sulfur by toluene
extraction [12]. The mass ratio of unreacted (soluble) sulfur and polymeric (insoluble) sulfur
in copolymerization products, as well as in a reference sample (vulcanized with orthorombic
sulfur) was presented in Fig. 2.

Table 1
Composition of prepared sulfur/organic copolymers.
) Organic
Sample Sulfur content Type of organic
symbol [wt. %] comonomer(s) comonomer(s)
¥ ) content [wt. %]
PS 100,0 - -
S/DCPD 90,9 Dicyclopentadiene 9,1
S/DCPD/TRP 87,0 Dicyclopentadiene/Turpentine 8,7/4,3
S/DCPD/ST 87,0 Dicyclopentadiene/Styrene 8,7/4,3
100%
90%
80%
52,11
0, >
70% 66,57 61,67
60%
50% 100 92,6
40%
30%
20%
10%
0%
S PS S/DCPD S/DCPD/TRP S/DCPD/ST
® Polymeric (insoluble) sulfur Unreacted (soluble) sulfur
Fig. 2. The mass ratio of polymeric (insoluble) and unreacted (soluble) sulfur
in copolymerization products.
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Thermal behavior of sulfur-organic copolymers as well as successful purification was
confirmed by DSC analysis (Fig. 3).
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Fig. 3. DSC thermograms showing disappearing of crystalline phase originating from unreacted sulfur
after purification of sulfur-organic copolymers.

After toluene extraction of sulfur-dicyclopentadiene copolymer (S/DCPD) all unreacted
sulfur which remained after copolymerization process was completely removed. It is clearly
visible on DSC thermograms (Fig. 3). Peaks originating from crystalline phase of unreacted
(elemental) sulfur totally disappeared.

Mechanical properties under static conditions (tensile strength (TS), elongation at break
(Eb) and modulus at 100% of elongation (SE100)) of vulcanizates cross-linked with unpurified
sulfur/organic copolymers were carried out and compared (Fig. 4). Moreover, crosslink density
analysis of prepared SBR-based vulcanizates were carried out by equilibrium swelling and
compared to their mechanical properties (Fig. 5).
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Fig. 4. Comparison of selected mechanical properties of cross-linked SBR-based vulcanizates.
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The results show that application of various sulfur-organic copolymers as a curatives,
despite similar sulfur content, leads to obtain vulcanizates of different crosslink density. In some
cases (SBR_S/DCPD/TRP) utilization of sulfur-organic copolymers may lead to obtain
vulcanizates with crosslink density comparable to the reference sample, which seems to be very
promising.

The results also indicate on classical dependence between crosslink density of cured
samples and their elasticity. Samples of lower crosslink density (SBR _S/DCPD;
SBR_S/DCPD/ST) exhibit higher elongation at break and the other way around, vulcanizates of
higher crosslink denisty (SBR_S; SBR_S/DCPD/TRP) show lower elongation at break, being also
more stiff (higher SE100).

However, application of sulfur-organic copolymers based on DCPD and DCPD mixed with
styrene leads to obtain vulcanizates of tensile strength comparable to the reference sample but
exhibiting higher elasticity.
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Inorganic silicon-based polymers have been used as coating binders for more than 60 years.
The first silicon-based coating binders were the waterborne alkali silicates used in the formulation
of heat-cured zinc rich primers in the 1940°s [1].

Polysiloxane coatings are largely inorganic in nature and are inherently more resistant to
these degradation mechanisms for three principal reasons: 1. Polysiloxanes are characterized by
the presence of repeating Si-O groups in the polymer backbone. The bond strength of Si-O is
108 kcal/mole. Organic coatings contain C-C bonds, which have a bond strength of 83 kcal/mole.
The higher energy required to cleave the Si-O bonds in polysiloxane coatings provides greater
stability and superior resistance to weathering and thermal degradation. 2. The siloxane bond has
about 50% ionic character and is readily hydrolyzed, especially when catalyzed by an acid or
base. Coating durability in weathering is thought to be due to the reversible nature of siloxane
hydrolysis. Siloxanes in the presence of moisture are in equiliria that strongly favor condensation
of silanols to siloxanes [2]. The result is that a photon of absorbed high-energy radiation in the
presence of moisture will hydrolyze siloxane bonds, but they reform spontaneously. In this way no
permanent harm is done to the film. 3. The silicon in the polysiloxanes polymer backbone is
already approximately 50% to 75% oxidized, i.e., each Si is bonded to 2 to 3 oxygen atoms.
Therefore, oxidative degradation that affects C-C bonds present in organic polymers cannot occur
in the already oxidized Si-O polysiloxane polymer chain [3]. Resistance of the polysiloxane to
attack by atmospheric oxygen and oxidizing chemicals is improved.

The aim of our work is obtaining of new wood polymeric composites on the basis of saw-
dust powders and ecologically friendly different organic binders.

It is known that the sawdust contains cellulose structural rings with hydroxyl groups. One of
the used by us substances phenylethoxysilane (PhES-50 and PhES-80) contains ethoxyl groups.
The noted groups participate to the etherification reaction with a binder through the
macromolecular and intra-molecular reactions.

Ph Ph Pli oM g Ph
EtO—\Si/ O\Si/_OEt BO—Si™ \S|i/ SSi—OBt
0] 9) 0 (4 0)
BO—Si /Si\—OEt Eto_iih\o /s!i\o _Si—OEt
Ph Ph Ph Ph
PhES-50 PhES-80

Processes that occur during the curing are complex and varied. A modern look at an
overview of the curing liquid glass itself and in the various homogeneous and heterogeneous
systems, the most widely encountered in practice, is presented in a number of reviews.
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Acting as an adhesive or binder liquid glass system goes from liquid to solid in many ways

and may be divided into three types:

1) the loss of moisture by evaporation at ordinary temperatures;

2) the loss of moisture from the system, followed by heating above 100°C;

3) the transition to the solid state by introducing specific reagents, which is called hardeners.
Naturally, these three types are used in combination.

In solution the polymerization degree depends on two factors - the silica modulus and the
solution concentration. Each solution has a distribution of degree of polymerization of anions.
Distribution is superimposed on the polymer distribution of anions on the charges, which is also
determined by these two factors.

The processes occurring in the silicate solution, governed by two reversible reactions:
=SiOH + HO- —— =SiO- + H,O
=SiOH + =Si0- —— =Si—O0—Si= + HO-

Polysiloxane hydrolytic condensation reactions may proceeds according to the
following reactions
=Si-OR + H,O —— =Si-OH + ROH
=Si-OH + RO-Si= —— =Si-0O-Si= + ROH
=Si-OH + HO-Si= —— =Si-O-Si= + H,0

On the intermediate stages it is possible the reactions between of =Si-OH band contained
liquid glass and cellulose molecule, which are take place with dehydratation reactions. These
reactions go through obtaining of three dimension structures. Formation of such structures takes
place also at use of Na,SiFs, which accelerates the processes.

The colophony is in the structure of different plants main structure containing the isomeric
acid rings. The noted structural ring can introduce to reaction both with PhES-50 or PhES-80 and
with liquid glass. At presence of colophony it may be realized the donor-acceptor bond with straw
matrix, which is connected with formation of additive intermolecular forces and leads to
increasing of material strengthening.

The application of the sol-gel process was most intensively studied [4]. Their impregnation
technique was aimed at using the bound water in the cell wall in order to direct the sol-gel process
to the cell wall and to achieve a deposition of the silicate therein [5]. Unreacted alkoxysilanes, e.g.
in the Lumina should evaporate in the curing phase and do not contribute to the weight percent
gain [6]. Wood modification applying the sol-gel process of silicon alkoxides has been reported by
several research groups. The formation of inorganic gels can be divided in two stages, see the
reaction scheme. In the first step the silicon alkoxide groups (silicic acid esters) are hydrolysed by
water molecules to form siloxanes; this process can be catalysed by acids or bases. In a
subsequent step the siloxanes condense to condensed polymeric silicon dioxide.

OEt OH
+4H,0
EtO—Si—OEt —— HO—Si—OH
-4EtOH
OEt OH
(l)H (|)H (|)H
'HZO - .
2 HO—Si—OH ——» HO——Sli—O—Si—OH Iﬂj—20> ----- (S102)----
clcC.
OH OH OH

1. We have investigated the FTIR spectra for pure sawdust, binders, two- and three-components
composites systems. It is interesting, that in composites based on sawdust one can see the absorption
pick characteristic for asymmetric valence oscillation of bonds =Si-O-Si= with maximum near 1066
cm’', which possess to siloxane bond in the fragment of cyclotetrasiloxane fragment. Besides of the
sorption strips are coincided one to other. In the spectrum one can see the absorption strips 1267,
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1373, 1429, 1515, 1600-1650, 1733, 2800-2950, 3363 typical for methyl groups, C-H bond absorption
(-C/C-/CHs3), CH; cellulose —lignin, C=C aromatic, C=C alkene, (C=0 etheric bond), C-H methyl,
methylene and phenyl groups, O-H alcoholic group, respectively. In the spectrum of PhES-80 it is
seen two maximums in the region of 1060 and 1132 cm™ corresponding to asymmetrical valence
oscillations of the fragment Si-O-Si and absorption stripe in the zone 1349 and 1483 cm™ of =Si-
OC;Hs.
2. Mechanical strength. To testing were underwent the composites obtained at different temperatures
and pressures. Testing on impact viscosity of the same samples was conducted on the apparatus of
Sharpy type and it was shown that the mechanical strength on bending and impact viscosity changes
in a wide range with the change of temperature and pressure.
3. Thermal stability. There were conducted the investigations on study of thermal stability of
composites by method Vica. Temperature dependence of the softening of composites has monotonic
increasing character with approaching to definite limit values.
4. Water absorption. There were conducted the study of water absorption of the obtained composites
with use of the standard method.

On the basis of the obtained experimental data it can be made the following conclusions:
1. The strength of composite on the basis of sawdust as filler (95 wt %) and PhES-80 (5 wt %) as
binder in general depends on the technological parameters — temperature and pressure. Namely the
strength of composites obtained at increasing temperature in the range 90 -120°C and fixed pressure
(17 MPa) monotonically increases in the range 4.5 up to 21 MPa. The composites obtained at
increasing pressure (8 -15 MPa) and constant temperature (110°C) exhibit high value of this parameter
at relatively low pressures (22 MPa at technological pressure 8 MPa). Probably more monolith
structure in these materials creates at optimal conditions of the technological regime. In this case high
values of the bending strength (20-22 MPa) have composites, obtained under two types of regimes:
when temperature is about 120°C and pressure-17 Mpa or when T=110°C and P=12 MPa. The level of
dispersion plays also significant role in formation of mechanical properties — mechanical strength of
these composites is the higher the lower is the average diameter of sawdust particles.
2. The composites, where PhES-50 is used instead of PhES-80 the dependence of the bending strength
practically is analogical, but the conditions of obtaining of materials with high values of the bending
strength are changed to definite extent. This parameter is changed in the range
12-15 MPa (composites were obtained at constant temperature and different pressures) and
14-19 MPa (obtained at different temperatures and constant pressures).
3. The composites contained polyethylene (5 wt %) generally exhibit higher mechanical properties
and depend on the regime weaker in comparison with ones don’t contenting polyethylene. Obviously,
the polyethylene in this composite plays the role of additive binder. By more high indexes are
characterized the composites including high dispersive sawdust and polyethylene. So, for composites
based on high dispersive filler, polyethylene and PhES-80 the strength reaches 33 MPa. This result
may be described with high value of the sawdust particles surface and, consequently to creation of
high number of bonds between filler particles and binder molecules.
The experimental results show that the technological conditions essentially influence on the
microstructure of composites. Obviously, it is necessary to provide the optimization of thermo-
dynamical conditions for obtaining the composites with best technical parameters.
4. The samples obtained were tested on the impact strength. The composites based on PhES-80 and
sawdust (the particles sizes up to 1 mm) is characterized by increasing of this parameter at increasing
of obtaining temperature (90-180°C) at constant pressure (17 Mpa). This fact shows that at fixed
pressure the conditions of formation of the solid composites with high impact factor are improved. It
is possible the passing of some heterogeneous chemical reactions between active groups on the
surface of sawdust and PhES, which may be reason of increasing of the impact strength of these
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composites to some extent. However for the composites obtained at constant temperature (110°C) and
variable pressures (8-15 MPa) the impact strength changes for the samples obtained at 15 MPa. These
results show once more that formation of the composites with high impact strength may be at optimal
pressures and temperatures. Analogical results we obtain for composites based on PhES-50 and
sawdust with same relation of components as in case of composites based on PhES-80. We tried
improve the mechanical properties of the composites by introduction to them high density
polyethylene. However obtained results show some insignificant improve of the properties if the
particles size of sawdust are about 1 mm, while the composites containing more dispersive particles
(up to 0.5 mm) the results are significantly better. In general obtaining of wood composites with high
mechanical strength is due to true selection of the ingredients of composites and optimal technological
conditions effectively influencing on the microstructure of materials.

5. The composites based on PhES-80 with sawdust are characterized with improved thermal stability,
when the “technological” pressure increases till definite level. This result is obvious, because of two
reasons: a) the integral volume of communicated micro-empties distributed chaotically in the
composite body reduced at relatively high pressures and, consequently, the rigidity and thermal
stability of the material increases; b) PhES-80 creates intensive heterogeneous chemical bonds in
composites.

6. The composites based on PhES-50 with sawdust are characterized with rather high thermal stability
in comparison with analogues based on PhES-80. Probably the composites based on PhES-50 contain
non great numbers of the micro-empties. Dependence of the composite’s softening on the
technological pressure is same as for composites with PhES-80 (the higher is this pressure the higher
thermal stability). So the molecular segments of PhES-50 have less mobility in comparison with
PhES-80, which is characterized with high brenching of the molecular fragments.

7. The composite containing the particles with sizes up to 1 mm is less stable than the analogue with
same sawdust but with particles up to 0.5 mm. This result is interpreted in the same terms as in case of
considered above (the integral surface of the heterogeneous interaction is more in case of small
particles and respective composite is more rigid than that containing big sawdust particles).

8. Water absorption is one of the important characteristic of such materials as wood composites,
because they are often used in conditions of damp climate. products included in the wood structure in
result of evaporation of the secondary products of these reactions. This phenomenon may be
connected with formation of the associates on the basis of binder molecules and water ones. With low
water absorption is characterized the composites containing colophony. Here it is exhibited the ability
of this binder to fill well of this empties. The composites containing binary binders are characterized
with different water absorption, the amount of which depends on the character of interactions of them
with water molecules. The experiment shows that the water of the wood composites may be changed
by selection of type and concentration of the binders.
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Even though commonly used polymeric materials, such as polypropylene, polyethylene,
poli(vinyl chloride) and others are electrical insulators, they can establish a good matrix for
conductive composites. When electrically conductive particles dispersed in a polymeric matrix
create a network, electrical current can flow throughout the resulting composite's volume. This
phenomenon is called the electrical percolation and the filler content which results in a sudden
change of conductivity is called the percolation threshold [1-2]. Typical curve of electrical
conductivity vs. filler content is shown in Figure 1.
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Fig. 1. Typical electrical conductivity vs. filler content curve along with schematic representation
of composites' morphologies at certain points; polymer chains drawn as blue lines,
filler particles drawn as black dots

Creation of the conductive network influences different composite properties, apart from
electrical conductivity. Addition of a relatively big amount of a filler (the percolation threshold
often exceeds 10wt% [3]) results in changes of mechanical or rheological properties [4]. However,
the order of magnitude and type of aforementioned changes depend on numerous factors,
including filler composition, shape and size, processing technology or the properties of the
polymeric matrix [1, 3, 5]. Even though the impact of such factors has already been investigated,
we do think that the topic of matrices in electrically conductive polymeric composites deserves
further insight. The aim of this study is description of the effect of polymeric matrix on creation of
the conductive network and on changes of mechanical, rheological and electrical properties of
polymeric composites.
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As the matrices for the investigated composites, two extrusion grades of low density
polyethylene (LDPE) (LDPE 150E by Dow, MFR of 0.25 g/10min) and poli(ethylene-co-vinyl
acetate) (EVA) (EVA 2018 CO by Sipchem, MFR of 2.5 g/10min) were chosen. Both of the resins
are a frequent choice for conductive composites. Even though they are synthesized in a similar
process, EVA macromolecules are known to be less branched and more polar [6]. In order to
evaluate influence of aforementioned differences on composites' properties, two types of
composites containing 10-20 wt% of conductive carbon black (Vulcan XC72 by Cabot) were
manufactured. The composites were prepared by melt mixing method using a co-rotating twin
screw extruder, pelletized and followed by compression molding into 0.1 and 1 mm films.

Measurements of electrical conductivity of the composite samples were performed using a
Novocontrol Alpha dielectric spectrometer within the frequency range of 1-10'Hz, voltage of 1V.
The conductivity values measured at 1Hz in function of filler content are presented in Figure 2. It
can be assumed that tested materials reveal a percolation behavior. Interestingly, the EVA-based
composites show percolation threshold at a lower filler concentration in comparison with LDPE
and they also achieve higher conductivity values.
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Fig. 2. The electrical conductivity of both types of composites measured at 1Hz,
1V in function of carbon black content

Mechanical properties of the composites were determined in a uniaxial drawing test. The
crosshead speed of 50 mm/min was applied. Tensile strength Rm values of both types of
composites are presented in Figure 3. Mechanical properties of the composites are vastly
influenced by addition of carbon black. A decrease of tensile strength can be observed for almost
all of the samples, except for the EVA-based ones containing 10 and 12.5wt% of carbon black,
which reveal almost the same Rm values as the neat resin. A noticeable drop of tensile strength of
the EVA-based composites can be observed when the CB content exceeds 15wt%, whereas in case
of the LDPE-based ones, a steady decrease of Rm values can be seen at the whole filler
concentration range.
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Fig. 3. Tensile strength at break in function of carbon black content
for LDPE- and EVA-based composites

Rheological properties of the composites and neat resins were assessed using a rotational
rheometer operating at frequency range of 0.5-500s™ and a constant amplitude of 0.1%, that is
within the linear viscoelastic range of the materials. The values of the damping factor (tand) in
function of the frequency are presented in Figure 4. A frequency-independent tand value can be
attributed to occurrence of the "rheological percolation" [4]. This behavior can be noticed in case
of EVA-based samples filled with 20wt% of the filler only, but an almost constant run of damping
factor is presented by the composites filled with 15 and 17.5 wt% of CB. A similar phenomenon
does not take place in case of the composites based on LDPE.
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Fig. 4. Damping factor values of the composites and the resins in function of the angular frequency

We can assume that electrical, mechanical and rheological properties change due to
incorporation of carbon black into the polymeric matrix. In some cases the pattern of the changes can
indicate a pronounced alteration of the composites' morphology, attributed to the creation of the
conductive network. This phenomenon is usually collocated with a sudden change of a property at a
fixed CB content. In order to compare the influence of the polymeric matrix on the pattern of the
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changes of different properties, filler content values attributed to sudden alteration of electrical
conductivity, tensile strength, storage modulus and damping factorare collected in Table.

Sudden changes of different properties of composites, related to the CB content

CB content at which a sudden change occurs [wt%]
Property - :
LDPE-based composites EVA-based composites
Electrical conductivity 20 15
Tensile strength at break - 15
Storage modulus - 20
Damping factor (tand) - 15

It can be concluded that in case of LDPE-based composites a sudden change of electrical
conductivity can be seen only. On the contrary, mechanical, rheological and electrical properties
of EVA-based composites reveal a pronounced change at 15wt% of the filler. It can be assumed
that in case of the composites containing EVA, both electrical and rheological percolation can be
observed, whereas in case of the LDPE-based composites, only one of them can be noticed. This
behavior can be explained by different phenomena between the electrical and rheological
percolations. The former is predominantly determined by filler-filler interaction and the latter is
vastly influenced by filler-polymer interactions [7]. Changes of rheological and electrical
properties are connected but the underlying physical phenomena are different.

Creation of the filler-filler and filler-polymer networks within the polymeric matrix is
influenced by the molecular structure of the resin. It’s known that commonly it is easier to
disperse filler particles within the linear macromolecules. Low density polyethylene is
characterized by its high branching level, thus arrangement of the filler particles may be hindered
by strong intermolecular interactions,leading to an only limited creation of the electrically
conductive filler network. Conversely, application of a less-branched polymeric matrix, similar to
poly(ethylene-co-vinyl) acetate enables to efficiently obtain an electrically conductive polymeric
composite.
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Nanocomposites bring new possibilities, however there are still many technological
problems in their production. A poor dispersion of nanofillers in the polymer matrix caused by
their large specific surface area is the main problem.

The aim of my research was to make nanocomposites using premix method. This method is
commonly used to improve the dispersion of conventional micro — fillers in rubber. Also the
premixes were made of rubber of various molecular weights (liquid and solid rubber) to
additionally examine whether the viscosity of the systems will affect dispersion. As fillers were
employed commercial graphene nanoplatelets (Cheep Tubes, USA) and graphene nanoplatelets
containing oxygen groups (mainly hydroxyl groups with a content of 2%), produced by the
research group of Leszek Stobinski working at the Graphene Laboratory at the Warsaw University
of Technology.

In this work, SEM (Scanning Electron Microscope) analysis of fillers, complex dynamic
viscosity of blends, vulcanization parameters, filler dispersion using a light reflection microscope,
mechanical properties under static and dynamic conditions, cross and surface resistances were
examined.
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Pictures of fillers made with Scanning Electron Microscope
(left — commercial graphene nanoplatelets, right — graphene nanoplatelets containing oxygen groups)
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Introduction

Polylactide (PLA), a biodegradable aliphatic polyester, is one of the most potential materials
with great environmental benefits since it offers very low toxicity and high mechanical
performance. However, a low glass transition temperature (about 60 °C) and relatively high
brittleness limit its applications [1]. There are many ways oh improving PLA toughness including
copolymerization and melt blending with other more flexible commodity polymers such as linear
low density polyethylene or rubbers, as well as plasticizers [2, 3]. Generally, an efficient
plasticizer decreases the glass transition temperature (T,) and melting point (Tr,) of polymers [4].

Thermoplastic starch (TPS) is one of the well-known biopolymers and is often used in order
to lower the cost of the final product and enhance the biodegradable characteristics of polymer
composites [5]. Thus, melt compounding TPS with PLA is one of the most promising methods to
solve PLA limitations [6]. Nevertheless, incompatibility between hydrophobic PLA and
hydrophilic starch results in poor mechanical properties, due to inadequate interfacial interaction
between these polymers. It has been previously suggested that the intensive interfacial interactions
among hydrogen bonds of the anhydride groups of the maleated polylactide (MPLA) and the
hydroxyl groups of the starch are responsible for the increase in tensile, flexural and impact
properties of PLA and thermoplastic potato or corn starch blends [7].

The objective of this paper is to investigate the thermal, mechanical, rheological and
morphological properties of silane nonreactive and reactive compounds toughened PLA/TPS
blends in the presence of MPLA used as a compatibilizer.

Materials

Polylactide polymer (PLA) 2003D, melt flow rate (MFR) of 6.9 g/10 min (ISO 1133) was
provided by NatureWorks (USA). Maleated polylactide (MPLA) containing 0.68 wt.% of grafted
maleic anhydride, MFR = 3.8 g/10 min (ISO 1133) was obtained according to the procedure
published elsewhere [8] and used as a compatibilizer for PLA/TPS blends at the concentration of
10 wt.%.

Thermoplastic corn starch (TPS) was obtained by melt blending according to the procedure
published elsewhere [9] and used as biodegradable additive. Corn starch standard with about 23 %
of amylase, 11-13 % humidity and pH 6.5 was purchased from Cargill (Germany). The glycerol
with 99.5 % purity was product of Rafineria Trzebinia (Poland).

Silicone rubbers, such as polydimethylsilane (POLSIL OM-2000, Chemical Plant Polish
Silicones Ltd.), n = 2000 + 500 cP, d = 0, 97 g/cm’ and polydimethylsiloxanol (Plastosil M-2000,
Chemical Plant Polish Silicones Ltd.) containing 0.04 wt.% of reactive silanol groups, n = 2000 +
500 cP, d=0, 97 g/em’.

Blends preparation

The various blends containing 1.5, 3 or 5 wt.% of nonreactive (NP) and reactive plasticizer
(RP) were prepared through melt-compounding using a Berstorff twin-screw co-rotating extruder
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(D =25 mm, L/D = 33). Compounding was carried out using a screw speed of 150 rpm and also a
temperature profile of 35°C/165°C/175°C/180°C/180°C/180°C/175°C/185°C/185°C and 200°C
for the sequential heating zones, from the hopper to the die. Then, the material was cooled in
water and pelletized.

Results and discussion

To investigate the effect of interfacial modification on the mechanical performance of the
nonreactive and reactive silane compounds toughened PLA/MPLA/TPS (60/10/30) blends, the
tensile stress-strain behavior was characterized (Fig. 1). Table 1 illustrates the influence of
plasticizers on the tensile and flexural properties, as well as impact strength, HDT and melt flow
rate (MFR) of PLA/MPLA/TPS blends. The addition of plasticizers caused a significant increase
in an elongation at break, tensile and flexural strengths, as well as in impact strength.
Simultaneously, the nonreactive plasticizer decreased tensile and flexural modulus. The opposite
behavior was observed in the presence of reactive plasticizer indicating that the
polydimethylsiloxanol is an efficient plasticizer for PLA/MPLA/TPS blends. It is well known that
the degree of polymer crystallinity may significantly influence on the polymer mechanical
properties, since it affects the extent of the intermolecular secondary bonding (Table 2). For
crystalline regions wherein molecular chains are packed in an ordered arrangement, wide-ranging
secondary bonding occurs between adjacent chain segments. These bonds lead to significant
increase of polymer tensile modulus with growing degree of crystallinity.

As can be expected, MFR of the blends increased as a function of plasticizer. However, the
higher values were obtained for the blends with reactive plasticizer. Moreover, nonreactive
plasticizer decreased HDT. Based on the mentioned above results it can be supposed that using of
reactive plasticizer can improve intermolecular interactions among the blend components through
the reactive =SiOH groups.
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Fig. 1. Stress-strain curves for PLA/MPLA/TPS (60/10/30) blends
with nonreactive (a) and reactive plasticizers (b)
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Mechanical and rheological properties of plasticized PLA/MPLA/TPS blends

Table 1

Property PLA/MPLA/TPS| Nonreactive plasticizer, wt% | Reactive plasticizer, wt%
60/10/30 1.5 3 5 1.5 3 5
Elongation at break, % 2.440,3 9.8+0,8 | 11.0+0,4 | 3.9+0,7 |13.940,9(22.2+0,6|25.7+0,2
Tensile strength, MPa 33 +1 43+1 38+1 37+1 44+1 41+1 39+1
Tensile modulus, MPa 3264 +64 3090432 | 3085+47 | 2862+37 |3534+68 |3452+60|3374+43
Flexural strength, MPa 5342 64+2 60+3 53 +1 64+2 62 +1 58 +1
Flexural modulus, MPa 2658467 2350425 | 2319457 | 2220+48 |2937+£29(2717+61|2676+28
Impact strength, kJ/m” 1.2+0.2 1.740.4 | 1.9+0.4 | 2.0+£0.5 | 1.5£0.4 | 3.0+0.7 | 2,5+1.1
HDT, °C 54 52 52 52 54 54 54
MER (.210 "G 2.16 kg, 34.5 31.5 31.7 41.5 28.6 52.3 60.4
g/10 min
Table 2
Thermal properties of plasticized PLA/MPLA/TPS blends
Property PLA/MPLA/TPS | Nonreactive plasticizer, wt% Reactive plasticizer, wt%
60/10/30 1.5 3 5 1.5 3 5
Crystallinity, % 14.6 14.4 11.0 12.6 13.7 19.0 17.7
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Fig. 2. SEM images of PLA/MPLA/TPS (60/10/30) blends: (a) without plasticizer, (b) 1.5 wt% NP,
(c) 1.5wt% RP, (d) 3 wt% NP, (e) 3 wt% RP, (f) 5wt% NP, (g) 5 wt% RP
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It is well known for polymer blends that the morphology control of the respective phases is
a key factor in achieving the desired material properties. In fact, the apparent morphology can be
easily observed using a scanning electron microscope. Figure 2 shows cross-sectional images of
the various PLA/MPLA/TPS blends differing in plasticizer type and content. As expected, the
PLA and thermoplastic starch blend in the presence of compatibilizer (MPLA) shows individual
grains of starch forming dispersed phase in PLA matrix. The phase morphology of these samples
can be depicted as continuous and porous. The addition of plasticizer results in less porous
structure with increasing its content, suggesting improved toughness.
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Abstract: Different natural origin micro and nanofibers, such as turmeric (TNF), asafetida
(ASF), curcuma (CUR), cellulose, microalgae and others are applicable as fillers or antioxidants
in the production of good health products and polymer composites, which is described in this
work, which is a short review based on the authors’ research. The investigations were focused on
studying the effect of mentioned natural micro- and nanofibers on morphology and selected
mechanical properties of curcumin-asafoetida complex encapsulated in turmeric nanofiber and
natural rubber based composites.

INTRODUCTION

Natural origin micro- and nanofibers are extensively used in many branches of industry, e.g.
for pharmaceutical, food and medical products. The same type of natural fibers can be used as a
component in good health products or filler for polymer composites. This group includes
cellulose, microalgae or turmeric, asafoetida and curcuma.

Algae occur in the large scale in the nature and belong to the cheapest source of potential
fillers for preparation of polymer-based composites, which are characterized by unique properties.
Generally algae are photosynthetic organisms related to plants that grow in water and produce
energy from carbon dioxide and sunlight. Algae can be divided into type depends on the color,
size or function. Algae are a future potential source of renewable energy, a platform for
oleochemicals and reactive filler for composites. The information about algae-fiber based polymer
composites is still limited. Algae biomass is a source of hydrosoluble polysaccharides such
alginate, carrageenan, and agarose and is grouped into three categories: green, brown and red
algae [1, 2].

For example Bulota and Budtova [1] have investigated the different types of algae (green,
red and brown) as fillers in composites prepared by melt mixing of algae with PLA. The authors
demonstrated that algae particles have a flake-like structure and contain a large amount of
inorganic substances (45 wt.%). Generally it was assumed that the results obtained show that
depending on the application, algae can be used as filler in thermoplastic composites up to at least
40 wt.% loading, since the stiffness of materials can be maintained. In another work [2] it is
shown that the incorporation of algae waste particles in PLA matrix had significantly facilitated
crystallization and polymorphism of PLA. The addition of smaller particles resulted in the earlier
onset of PLA cold crystallization, consequently in higher crystallinity.

Cellulose, next example of promising composites reinforcement, is the most commonly
occurring biopolymer in the nature. Cellulose can be applied as filler at the nano- and micro-size
at the composites’ production and also at other polymeric materials. For example, it is possible to
markedly improve some properties of polyurethanes or natural rubber based composites [4].
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Considering natural fibers based on turmeric (TNF), asafetida (ASF), curcuma (CUR) other
branches of industry (food goods or pharmacy) are involved. That natural substances are often
used as extracts and because of high reactivity they have to be treated prior use. The encapsulation
of bioactive compounds or bioactive natural extracts into nanofibers as composites belongs to the
methods of current researcher interest. Encapsulation is widely used in the food, chemical and
pharmaceutical industry in the development of new functional foods or formulations containing or
incorporating bioactive phytochemicals and plant extracts to enhance food safety and promote
health. It is used to protect active molecules against light, humidity and oxygen in order to avoid
or delay their degradation and stabilize them during storage before use [5].

In this work the effect of natural micro- and nanofibers on the structure, morphology and
mechanical properties of natural rubber based composites (containing Spirulina and cellulose) and
gut health product (GHP) formulation obtained by encapsulating ASF and CUR onto TNF were
investigated.

EXPERIMENTAL

Materials

Gut health product preparation

The unique gut health product (GHP) has been prepared by the following procedure.
Turmeric was added to the commercial Q-Naturale® ingredient previously dissolved in water and
an emulsion was obtained in a homogenizer at 8000 rpm for 10 min. The bioactive compounds
95% curcuma (2%) was initially added to the emulsified solution followed by asafetida oleoresin
(1%) were added and vigorously homogenized for 30 min at 80 °C temperature. The emulsion
was dried by the spray drying process. The resultant product is a gut health product GHP [5].

Natural rubber (NR) based composites preparation

The natural rubber mixtures containing 5, 10 and 20 phr (parts per 100 parts of natural
rubber, NR) of Spirulina (micro algae) or cellulose microfibers were prepared and coded as e.g.
NR-S10/ NR-C10 (natural rubber based composites containing 10 phr of Spirulina/cellulose
microfibers). The size of Spirulina particles was ranged from 14 um to 134 pm while cellulose
microfiber was ab. 50 pm in length. The rubber mixtures were produced by using the open roll
machine. Next, vulcanization was performed using the hydraulic press at determined conditions of
pressure (ca. 5 MPa), temperature 140 C and determined optimum vulcanization time (too).

Measurements

Investigations by Scanning electron microscopy (SEM) were performed by using Quanta
FEG scanning electron microscope equipped with the Everhart-Thornley detector (ETD) for
natural rubber based composites. The cross section of samples was coated with gold.
Measurements were taken with applying a high vacuum 20,00 kV at a working distance of 10
mm. SEM analysis of GHP was carried out by using SEM (Vega3Tescan, Brucker).

Tensile test was performed according to the standards EN ISO 527-1:1996 and EN ISO
527-2:1996.

Hardness was carried out according to PN-EN ISO 868:2005 while rebound resilience in
compliance with PN-C-04255:1997.
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RESULTS
Morphology of natural rubber and polyurethane based composites

The Figs.1 A) and B) present the morphology of the encapsulated natural origin products.
The morphologies of the TNF and GHP samples were studied using SEM. Based on the SEM
images it was observed that CUR encapsulated TNF, and CUR with ASF encapsulated TNF
resulted in gut health product (GHP). The micrographs confirm the successful encapsulation of
the ASF and CUR with irregular spherical shape and very low agglomeration level. The
encapsulated CUR and ASF complex are similar in the size distribution [5].
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F|g 1 SEM pictures of A) CUR encapsulated TNF and B) GHP [5].

Morphology of natural rubber based composites containing Spirulina and cellulose
microfibers

Morphology of obtained composites natural rubber or polyurethanes matrix was determined
by scanning electron microscopy. In the Fig. 2 A and B NR-based composites are presented. The
surface of composites is ordered and indicates on the good filer distribution into polymer matrix.
Moreover, smooth matrix surface suggests that the process of cross-link was efficiency done.
Based on the SEM images it can be also concluded that in the case of Spirulina addition,
compatibility and homogeneity of the composite structure is enhanced in comparison to the
natural rubber based composite filled with cellulose microfibers. It can be observed that Spirulina
introduced to the natural rubber matrix occur in the form of particles with sphencal regular shape.

Fig. 2 SEM pictures of natural rubber based composites containing a) Spirulina
in the amount of 10 wt. % (NR-S10) and b) cellulose microfibers in the amount of 20 wt.%.
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Mechanical characteristics of natural rubber based composites

Future potential application of new composites materials it can be determined according to
their mechanical and physico-chemical properties. Below, in the Table 1 the tensile strength
(TSg), elongation at break (Ep) and hardness of the natural rubber based composites containing
Spirulina and cellulose microfibers is shown. Based on the results it was found that both type of
microfibers caused lowering of the TSp parameter and of elongation at break with increasing of
fiber content, but the differences in the analyzed parameters were insignificant and even with high
content of microfibers the elongation at break seems to be remained. In the case of Spirulina fiber
high content of amino acids acted as an additional plasticizer. Based on the results given in Table
1 it can be concluded that the cellulose microfibers did not affect on the rebound resilience of the
NR based composites.

Table 1
Mechanical properties of the natural rubber based composites
Symbol of the Properties =ebound

sample TSs (MPa) Ep (%) Hardness (°ShA) resilience (%6)
NR-S5 15.6£1.2 732420 40.6+0.1 76+4
NR-S10 15.7+1.0 71018 40.2+0.5 244
NR-S20 12.1+0.7 664428 41.8+0.5 68+2

NR-C5 12.3+0.7 668+18 39.4+0.4 7242
NR-C10 13.6+4.4 627+18 42.0+0.2 72+0.3
NR-C20 14.8+0.8 704+9 49.0+0.3 72£1

TSy, tensile strength; E;, elongation at break.

CONCLUSIONS

Different type of the natural origin micro- and nanofiber and their distinct applications have
been presented in this study. Overall, these fibers can combine unique and valuable properties
taking into account technical and medical application. Application of micro- and nanofibers as a
reinforcement of polymer composites or a background in the encapsulation process was presented.
The SEM analysis in the case of GHP confirmed the successful encapsulation of ASF and CUR
onto smooth and cluster like nanostructured TNF while in the case of natural rubber composites
proved good adhesion between matrix and microfibers. It was found that application of Spirulina
and cellulose microfibers leads to promising natural rubber based composites with satisfactory
mechanical properties.
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Rubber - known for hundreds of years, already used by indigenous people of South
America, transformed into vulcanized rubber thanks to Charles Goodyear's experiments from the
mid-nineteenth century, has become an inseparable element of the world around us due to its
outstanding elastic properties. Thanks to the efforts of generations of chemists, today we have tens
of dozens of varieties of elastomers (mainly synthetic ones), which constitute a continuous phase
of rubber. Although the work on the rubber has been going on for over 150 years, the elastomeric
composites are still being developed. New elastomer matrices, additives, fillers allow the use of
rubber for new applications. Modified fillers and nanofillers significantly change the properties of
composites, anti-aging agents and biocides added to protect the material from the effects of aging.
These treatments have a common feature - they cause changes in the entire volume of the product.
But what if we want to change only the surface without affecting the overall bulk properties of a
rubber composite?

Modern materials engineering has also found an answer to this question. The basic method
of surface modification of materials are still chemical techniques. Due to the well-known
mechanisms and processes, they are used in the turnover of many materials. As an example for
plastics, hardening by chlorination or hydrophobization can be applied by depositing compounds
in baths. [1] These processes have another common feature - they leave a huge amount of waste,
which is necessary for disposal or expensive cleaning and recovery. For these reasons many
studies are conducted on surface modifications using non-waste techniques. For example, plasma
treatment or chemical and physical vapor deposition. [2] Another method is a modification by
means of a beam carrying high energy.

Laser texturing is a method of surface modification by selective heating of the material with
very high precision. This technique allows to change the morphology of the surface layer without
disturbing the material in depth. Its use is simple, cheap and does not generate waste, and the
obtained effects are visible to the naked eye. As an example, one can refer to works that resulted
in silicon wafers having a structural color or also superhydrophobic metal surfaces. [3,4] The
inspiration for many scientists working on laser texturing was nature, which through hundreds of
years of evolution has developed surfaces that through their structure have surprising and
outstanding properties.

The work presented is focused on the use of laser texturing, used up to now on high stiffness
materials, for the processing of elastomeric composites. The scheme of the laser treatment
mechanism is illustrated in Fig. 1. Laser beam is absorbed by the material. It is important that the
absorption takes place as much as possible in the surface layer of the composite. There is a rapid
heating of the surface accompanied by removal or transfer of material from under the beam. In the
case of elastomers, the surface is additionally oxidized, and its heating may also result in local
crosslinking.
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Fig. 1. Scheme of the laser beam operation Fig. 2. Texturing grid

The texturing was done on a composite containing a small amount of the pigmenting
agent absorbing the near infrared laser beam and cross-linked using a peroxide. The
simplification of the material was aimed at eliminating the effects of other additives. The grid
on which the moving beam had a pitch of 0.2 mm (Fig. 2) was regulated by the speed and the
power.

Figure 3 presents a comparison of SEM images (A), non-contact profilograms (B) and
water contact angle (C) for three selected textures made under different conditions on the
same composite. In the first row there is a sample of high-energy deposited. One can see the
deep etching at the points where the laser falls, and the edge of the remaining protrusion is
rounded. The profilometric image clearly shows a significant difference in height between the
tanned and raw fields. On the border there is a wide place of varied height, which can be
linked to the effect of cross-linking, shrinkage and cracking of the composite. The second line
is a sample treated with lower energy. It is characterized by narrow paths of the laser path and
clearly sharper edges. From the profilometric image, it can be seen that the edges are clearly
higher than the untreated surface, which indicates that the material texture removed from the
bottom has been deposited in this place. The last line presents the effects of processing with
very low energy. The texture visible in the SEM picture is quite flat, it is also confirmed by
the profilogram. Column C of the table illustrates the water contact angle for the textures
made. Increasing hydrophobicity by changing surface roughness is a known issue. The
implementation of laser pattering of elastomers allowed to increase the hydrophobicity, which
is of practical importance.

The effects obtained in the course of previous work are very revolving. So far, the
effectiveness of using iron oxide as a coloring agent allowing effective modification has been
confirmed. Hydrophobicity has also been shown to increase with an increase of laser beam
energy, although the material undergoes oxidation during texturing, which should result in the
opposite effect. Contact angle for water increase from 99° for non-modified to 128° for
sample shown in Fig 3 row 1. It is planned to develop the research in many directions, such as
the use of various elastomer matrices, coloring agents, mesh designs and expanding the
research on textures.
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Fig 3. Comparison SEM (column A) profilograms (column B)
and contact angel for water (column C) for texture pattering in different condition.
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Composites filled with 10, 30, 50% buckwheat husk and wood flour were prepared by
extrusion and injection molding. Equivalent samples were then prepared with the addition of a 5%
compatibilizer (maleic anhydride grafted polypropylene / MAPP). The samples were tested to
examine the basic mechanical properties and thermo-mechanical parameters. Static tensile and
tensile tests were carried out, while thermal analysis measurements (DMTA, DSC) were used to
determine the properties of materials at elevated temperatures. To assess the morphology of the
composites, SEM photos of samples containing 10 and 50% filler were taken.

Instead of wood particles the natural fibers composites (NFC) can be modified by many
different fillers which are a waste product in food industry, some of which are: rice husk, wood
flour, and peanut hulls. The use of natural waste in polymer composites is an efficient method of
biomass utilization. Buckwheat husk (BH) is the by-product of buckwheat milling process (Fig 1).
Buckwheat is material with many interesting properties, it is also widely used in many areas of the
food industry. Essential disadvantage of natural filler are hydrophilic properties, which can result
in poor mechanical features. To avoid this disadvantage compatibilizer such as maleic anhydride
(MAPP) can be used.

The results of the mechanical tests are presented in Fig. 2. The tensile strength and modulus
of PP composites with different filler loading is presented. It is observed from the plot that the
tensile strength of composites has decreased with the increase of buckwheat husk content. Tensile
strength of samples without compatibiliser (MAPP) has fallen significantly, while for samples
with MAPP the decrease was highly reduced.

‘@ T b S 78
Fig. 1 Buckwheat husk particles: as received (left) after milling (right)

The material containing the buckwheat husk shows a noticeable deterioration of the impact
strength, which means that the introduction of irregular particles of the husk caused an
unfavorable fracture mechanism through particle debonding. Composites with addition of wood
flour are characterized by higher impact strength, where the best impact resistance for the
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materials with 10% wood flour loading is slightly reduced after increasing the content to 30 and
50%. The difference in impact strength for different fillers type may result from the morphology
of introduced particles. The used buckwheat husks particles were subjected to single stage milling
process, in which the fraction size ranged from 200 um to 2 mm. Wood flour particles with an
average size of 100 um and a more favorable fibrous morphology strengthened the composite
structure more efficiently, however, this is related to the multi-stage treatment of particles,
consisting of grinding, milling and screening of small size fractions.
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Fig. 2 Tensile strength (left) and modulus (right) for untreated
and MAPP modified composites

The influence of the compatibilizer is different for each type of filler. Based on the results of
the tests contained in the work, it can be stated that the buckwheat husk is a material that could be
used as a biocomposite filler. It shows a high susceptibility to modification of the matrix, and the
properties of PP composites/buckwheat hull are comparable with the features of a conventional PP
biocomposite with wood flour.
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Similar correlations are observed when comparing the course of DMTA signals (Fig 3),
where for both types of fillers, visible increase of the storage modulus is observed in the entire
measuring range, visibly better effects are observed for composites with the addition of wood
flour. However the influence of reinforcing particle type is clearly noticed only for highly filled
composites, with 50% of the filler content.
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Fig. 3 The comparison of wood flour (top)
and buckwheat husk (bottom) filler at different content.

SEM images of pure filler reveals large difference in the particle morphology (Fig 4). The
variation in particle size for buckwheat husk, especially the presence of large fraction, confirms
the necessity for a screening process. The direct structure comparison of untreated and maleic
anhydride modified composites reveals more favorable particle/matrix interaction for MAAP
modified materials.
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Mechanical properties of buckwheat husk based composites were mostly similar to the
reference samples modified with the wood fibers. In addition to significantly reduced impact
resistance, the other material characteristics were largely in line with those obtained for standard
WPC composites.
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Currently, various polymer reinforcements are used to improve the mechanical, thermal
and barrier properties, e.g., the tensile strength, elongation at break, and thermal stability
of polymers. Fillers are no longer simply inert additives that only lower the cost of a final product.
Alarge group of substances being used for such purposes is represented by fibres,
e. g., cellulose. This research considers the modification of these fillers with the use
of vinyltrimethoxysilane (VTMS) and maleic anhydride (MA) as substances to improve the
wettability of the additive in the polymer matrix.

During this investigation, composites based on an innovative elastic thermoplast material
used in packaging industry — an ethylene-norbornene copolymer, named TOPAS®™
Elastomer E-140 — have been investigated. In these composites, cellulose fibres and
montmorillonite (MMT) are used as the natural fillers. The aim of these additives is to make
material not only more biodegradable, but also of a particular strength.

Fourier transform infrared spectroscopy (FT-IR) spectra revealed some changes that
occurred within the material structure, when modified natural fibres incorporated - C-O
and =C-O-C= bonds (1058 cm™), -CH; (1245 cm™) absorption band intensity decreased,
suggesting bonds recombination.

Further investigation revealed that the VITMS treatment provided the strongest performance
improvement. While, thermogravimetric analysis indicated differences within the degradation
process of prepared environmental materials — the highest thermal stability is observed in case of
specimens filled with MMT.

Moreover, composites were subjected to 6-week thermo-oxidizing accelerated ageing
to identify changes induced in the mechanical and physical properties. Performed cellulose
modification not only has increased composites performance, but also surprisingly altered ageing
impact.

This research provides a wide range of new and valuable information considering
mechanical, rheological, thermal and physical properties characterization of ethylene-norbornene
copolymer filled with natural additives which is a scientific novelty enriching present literature.
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INNOVATIVE PERSPECTIVES OF USING HEAVY PYROLYSIS RESIN
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ABSTRACT. Thermal gas-phase pyrolysis of hydrocarbon raw materials in pipe furnaces remains to be
the main strategic process of ethylene and propylene production. Nowadays, the possibility of the pyrolysis
process intensification to increase the target product yield draws attention of scientists. But besides the olefins
(target products) the pyrolysis process is the source of heavy pyrolysis pitch. Considerable development of
petrochemical industry requires finding new applications of the by-products from pyrolysis gas and liquid
pyrolysis products. Nowadays, environmental safety considerably deteriorates because of great volume and
high increasing rate of ethylene production. Reasonability of the industrial wastes — heavy pitch of pyrolysis —
using as a component of the feedstock in synthetic petroleum resins production is asserted. This improves
production efficiency of petrochemical plants and decreases environmental effects.

The lower olefins (ethylene and propylene) production by pyrolysis of hydrocarbon raw
materials is related to the problem of by-products utilization. Solving of this problem is an
important technical-economic task. The liquid pyrolysis products (LPP) are main by-products,
which are formed during gasoline and diesel fuel pyrolysis. LPP is a mixture of various
hydrocarbons, including aromatic hydrocarbons: benzene, naphthalene, acenaphthene, fluorene,
phenanthrene, anthracene, their methyl derivatives and other condensed aromatic hydrocarbons;
acyclic and alicyclic dienes: isoprene, cyclopentadiene, piperylene etc.; vinylaromatic substances:
styrene, methylstyrene etc.; indene and its alkylderivatives, other olefins, as well as admixtures of
paraffinic and naphthenic hydrocarbons. These liquid products are important raw material for
organic synthesis [1].

LPP are divided into pyrolysis condensate - hydrocarbons mixture boiling off in temperature
range 303-473 K, and heavy pyrolysis tar (HPT) boiling off at temperatures above 473 K [1].
Pyrolysis condensate most often is divided further into separate fractions with narrower boiling
ranges: Cs fraction (303-343K), Ce-Cs fraction (343-423 K) and Cy fraction (423-473 K). Most of
HPT hydrocarbons boil off at the temperatures above 473 K. However, due to the indistinctness of
condensation HPT also contains some amount of hydrocarbons having final boiling point below
473 K. The composition of the HPT fraction, boiling off at the temperatures below 473 K, is
similar to the pyrolysis condensate composition [2, 3]. The HPT yield mainly depends on the
feedstock fractional composition and the pyrolysis conditions [1-3]. Cs and Cy fractions contain
considerable amount of polymerizable hydrocarbons and consequently are used to produce
cooligomers of aliphatic and aromatic nature, respectively. These cooligomers are called
hydrocarbon resins (HR).

Unfortunately, today there isn't technology that would allow the full use of all the valuable
components of the HPT. While the processes of production of petroleum polymer resins (PPR)
based on reactive unsaturated hydrocarbons of pyrocondensate and light pyrolysis resins are
realized in industry. This is due to the availability of raw materials and low operating costs, the
possibility of widespread use of petroleum polymer resins in paints, paper, tire, rubber and other
areas of industry in which they successfully replace vegetable oils, rosin, albumin and other
products of natural origin.

Low sulfur content makes it possible to obtain from the ecological point of view pyrolysis
resins of low-sulfur carbonaceous composite materials. HPT practically does not contain
heterocyclic compounds, which distinguishes it favorably from the coking coal of resin.
Therefore, its processing does not require complex technical solutions and costly technological
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Table 1
Dependence of yield and physical and chemical indices of DPPR
on the factors of the process

Terms of the process / Yield DPPR, | Bromine number Mol. Wt. T. DPPR. K
Factors % wt. DPPR, g Bry/100 g DPPR P ’
Duration of the process — 1 h., Cea — 1,0 % wt.
Catalyst - TiCly
T=333K 56,0 42,3 720 370
T=353K 57,1 44,7 680 360
T=373 K 59,4 45,9 650 359
T=393 K 56,0 49,5 640 356
Catalyst - AICI; : EA : KC
T=333K 53,2 48,9 610 364
T=353 K 55,1 48,5 570 355
T=373K 57,0 47,0 560 350
T=393 K 59,8 47,9 520 346
Temperature of the process — 373 K, Ceat. — 1,0 % wt.
Catalyst - TiCly
T =1h 59,4 45,9 650 359
T =2 h. 59,6 44.6 640 358
T =3,5h. 59,7 45,9 650 359
Catalyst - AICI; : EA : KC
T =1h 57,0 47,0 560 350
T =2h. 59,4 45,3 510 353
T =35h 58,7 46,4 490 352
Temperature of the process — 373 K, r =3,5 h.
Catalyst - TiCly
Ceat. — 0,5 % wt. 53,1 47,6 700 363
Ceat. — 1,0 % wt. 59,7 45,9 650 359
Ceat. — 2,5 % wt. 58,6 43,8 460 357
Catalyst - AICL; : EA : KC
Ceat. — 0,5 % wt. 48,2 53,1 760 352
Ceat. — 1,0 % wt. 58,7 46,4 490 352
Ceat. — 2,5 % wt. 58,5 449 600 351

operations associated with the purification of resin from sulfur, nitrogen and oxygen-containing
compounds. At present, practical implementation on an industrial scale has found the following
directions of the use of heavy pyrolysis resin as: raw materials for the production of carbon black,
for the process of coking, the production of naphthalene; component of boiler fuel for installations
of different purposes; fuel oil component; in asphalt-bitumen compositions; superplasticizer
concrete; in the production of pyroplast (an analogue of styrenic-indene resins) [2, 4-8]. In
addition, a trend of weighting of pyrolysis raw material is observed because heavy oil mixtures
are involved in processing (gas-oil stock, black oil, oil tar), which causes an increase in the yield
of HPT. This fact defines the necessity to process HPT into commercial products.

The main threatening areas of harmful action of pyrolysis resin on the environment are
pollution of the atmosphere, water bodies and soil due to emissions, leakage, violation of storage
rules, emergency situations. One of the negative effects of the HPT on the environment is their
burial and burning.
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The heavy pyrolysis resin contains condensed aromatic hydrocarbons with alkyl substituents
(20.24% wt.), oligomers of alkenylaromatic hydrocarbons, asphaltenes, and others. Significant
content of aromatic hydrocarbons and a high value of the bromine number (64.4 g Br,/100 g)
indicate the tendency of heavy pyrolysis resins to compaction reactions (condensation,
polymerization, co-oligomerization).

The share of heavy pyrolysis tar (HPT), a related product of petrochemical production,
varies from 3-4 to 40% [1]. The urgency of issues of increasing the environmental safety of the
pyrolysis process is aggravated by the large scale and pace of capacity building of ethylene
production and the tendency to use "heavier" raw materials. Therefore, it is important to develop a
technology that would allow rational processing of heavy pyrolysis resin into valuable products.
The regularities of the production of dark petroleum polymer resin (DPPR) based on heavy
pyrolysis resin were studied in the presence of homogeneous catalysts - titanium tetrachloride and
catalyst complex AlICl;: EA(ethylacetate): KS(ksylene).

Increasing the concentration of homogeneous catalysts up to 2.5% wt. leads to a decrease in
the molecular weight of the resulting resins throughout the studied range of temperatures (Table
1). The bromine number of synthesized DPPR is high (44.9 ... 53.1 g Br,/100 g, table 1). In the
presence of titanium tetrachloride, the co-oligomerization occurs by the mechanism of sequential
reactions. In the initial reaction period, the cooligomerization of the most active unsaturated
compounds is observed (yield of DPPR - 59.4% wt.). In the following, the induction period and
the cooligomerization of less active compounds were noted. The yield of DPPR increases by only
0.3% wt. within the next 2.5 hours. the process. The color index of synthesized products is
extremely high (over 2600 mg I1,/100 c¢m’). This is typical for this raw material. Optimal
conditions: catalyst concentration 1.0% wt. and the temperature of the cooligomerization of 373
K. It was found that to conduct cooligomerization over 2 hours inappropriate. Under these
conditions, the yield of DPPR is high (59.6% wt. for TiCls and 59.4% wt. for KK).

For comparison, the heavy pyrolysis resin (HPR) cooligomerization was carried out under
similar conditions by a thermal process (T = 373 K) without the use of a catalyst. PPR was
obtained with a significantly lower yield (44.2% wt.). Their characteristics are worse: the bromine
number is 47.3 g Bro/100 g, the molecular weight is 425, the softening temperature is 354 K.

It has been established that in the presence of Lewis acids, condensation processes of
aromatic compounds may occur in the system. The heavy pyrolysis resin contains a significant
amount of naphthalene and its derivatives (20.25% wt.). The products of their condensation are

structures (I - IV).
H
Do, L . o
D (1) (11D) " (1V)

A heavy pyrolysis resin is difficult to process individually. Therefore, the process of co-
oligomerisation of a mixture of hydrocarbons of fraction Co and HPR components using a
homogeneous catalytic complex (AICl;: EA: KC) was investigated.

The increase in temperature and duration of the reaction positively affects the course of co-
oligomerization. The yield of cooligomeric dark petroleum polymer resins (CDPPR) is increasing.
Their bromine number decreases (table 2). The ratio [fraction Co]: [HPR] is 80:20 (% wt.). With
an increase in the temperature of the process, the yield (38.1-49.8% wt.) increases and the
molecular weight of the CDPPR (970-780) decreases. The high temperature of softening of the
cooligomeric dark oil-polymer resins (393-386 K) is an important characteristic for further use of
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this type of products in the oil-polymer-bitumen compositions. It is noted that the catalytic
processes of increasing the yield and decreasing the molecular mass of the cooligomers are
characteristic. It has been established that in the range of catalyst concentrations 0.5 ... 1.0% wt.
the yield of CDPPR increased from 46.3 to 49.5% wt. The resulting resins are characterized by a
high temperature softening (387-388 K). Further growth of the concentration of the catalytic
complex does not lead to a significant increase in the output of the CDPPR while reducing the
temperature of softening the resin.

Table 2
Dependence of yield and physicochemical indices of CDPPR
on process factors (AICI;: EA: KS; [Fraction Co]: [HPR] = 80: 20 (%0 wt.))
Terms of the process / Factors Yleli)cz.I’PR, Cﬁ?%n}:jl; ]I;lrl;qlboe (1; g BC/[I(;IP\;]I; T, CDPPR, K
Ceat=1,0 % wt., T=3,5h.
T=353K 38,1 58,0 970 393
T=363 K 41,1 57,1 810 391
T=373 K 49,5 56,6 790 388
T=393 K 49,8 54,9 780 386
Temperature of the process — 373 K, Ce=1,0 % wt.
1= 0,5h. 33,49 59,1 670 375
= 1,5h. 38,6 58,7 680 378
1= 2,0 h. 44,0 57,4 700 379
1= 2,5h. 48,2 57,0 730 383
1= 35h. 49,5 56,6 790 388
Temperature of the process —373 K, t=3,5h.
Ceat= 0,5 % wt. 46,3 57,2 800 387
Cea= 1,0 % wt. 49,5 56,6 790 388
Ceat=2,0 % wt. 49,7 53,9 770 381
Ceat=2,5 % wt. 48,9 50,6 760 377

The optimal technological parameters of the process of synthesis of CDPPR are determined:
temperature - 373 K, duration of the process - 3.5 hours, concentration of the catalytic complex -
1.0% wt. Synthesized copolymer dark petroleum polymer resins can be used: in the production of
waterproofing materials for increasing the adhesion of the adhesive base, its thermal stability,
ductility; as an adhesion addition to road bitumen; in the manufacture of concrete for increasing
frost resistance, reducing the formation of cracks and hygroscopicity; in paint and varnish
products to improve adhesion, film formation.
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Cphoro/iHI Ha3BUYAIHO BAXKJIMBUM € CTBOPEHHSI HOBUX O10JIOTTYHO aKTUBHUX PEYOBHH - -
JTIKapchKUX CyOCTaHII Ta 3aco0iB 3axuCTy OONagHAaHHSA, CHPOBUHH Ta MarepiaiiB Bix
OIOIONIKOKEHh MIKpOOpraHizMaMu, 30UTKHA BiJl SKHX CSATAlOTh BEIUYE3HHX MAacCIITa0iB.
[Mpuyomy Ha Tmepmmii TIaH CTa€ OJEpP KaHHS BOJOPO3YMHHUX OI0JIOTIYHO aKT