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ABSTRACT

The objects of the study were thermal polyurethane thermoplastic elastomers (PUTP), obtained by
the reaction of 4,4-diphenylmethane diisocyanate, hydroxide-containing polyester with a
molecular weight of 2000 (polyethylene glycol adipate) and 1,4-butadiol (industrial name
VITUR). -T-1413)

It was found that the dependence of the logarithm of the effective viscosity (neff) of the PUTEP
melt on shear stress at various temperatures in the studied range of shear rates (from 1 to 100 s-1)
represents parallel straight lines. This makes it possible to use the analytical dependence of the
effective viscosity on temperature to describe the rheological behavior of PUTEP melts, which
also takes into account the influence of shear stress on the viscosity of the melt

carbon-chain and heterochain polymers are determined by many factors, such as the
thermodynamic properties of the components, their molecular weight, the degree of phase
dispersion, the ability of the components to crystallize, etc.

Composite materials, which are reinforced or filled polymers, play an important role in
technology. The development of these materials and improvement of their properties is a complex
problem, in which a significant place belongs to the physical chemistry of surface phenomena in
polymers. Therefore, the problems of physical chemistry of filled polymers are problems of
physical chemistry of surface phenomena in polymers.

Keywords: development, rheology, modification, polyurethane, technology, tires, vulcanization,
extruder.

Introduction

Polyurethanes form a large group of industrial thermoplastic elastomers, the macromolecules
of which have a complex structure, characterized by a wide molecular weight distribution and the
presence of N-C=0, NH side chains. Mixtures obtained by mixing in a melt have a relatively high
viscosity, which depends on temperature and strongly on changes in speed or shear stress, while
the melts exhibit a characteristic elasticity of 600-700% and strength of up to 40 MPa. Glass
transition temperatures are relatively low — 200°C.

The mixing method in the manufacture of compositions has the advantage of simple
technology. To prepare polymer mixtures, all you need is an extruder or other mixing device.
However, only thermoplastics that are processed in the same temperature range and are relatively

e

| PAHTEI
| 292 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS

= |



https://doi.org/10.32010/mpmc2024.039

compatible so that their mixtures remain stable throughout the entire molding cycle can be mixed.

Blends of PUTEP PU with other polymers often exhibit characteristic signs of
macromolecular incompatibility [1-3], with their structure representing either micro-block
separation [4] or droplets or fibrils of one component in the matrix of another (composite-type
structure) [5]. Studies have shown that the supramolecular structure of the composite type exists
in a molten state [282, 283], making possible the existence of so-called “rheological special”
compositions [6].

The composition must be mixed in two stages. [7-9], with dispersed mixing followed by a
laminar mixing stage. The problem of the connection between the properties of the resulting
compositions and its composition is systematically studied and continues to receive intensive
development throughout the world. The super molecular structure of polymer products mainly
determines their physical, mechanical and operational properties the work [10] shows that for the
original polyurethane, when the extruder screw speed increases from 20 to 40 rpm, the yield
strength does not change, the tensile fracture stress decreases, and the density increases. [11]. The
noted deterioration in strength properties is consistent with data on the peculiarities of processing
polyolefins by extrusion [12-13] and can be explained by increased sensitivity to temperature and
shear effects. As the number of revolutions increases, the deformation of the structure components
decreases; therefore, to obtain a high-quality product with increased physical and mechanical
properties, the technological process should be carried out at minimum values of rotation speed of
the extruder screw, which significantly reduces productivity

The successful implementation of the melt mixing process and the production of mixtures
with specified performance properties or the ability to be easily processed was possible thanks to
the correct selection of components and their rheological characteristics. The ratio of the
rheological parameters of the components determines the results of obtaining dispersed mixtures,
i.e. the size of dispersed particles of a component present in a mixture in a lower concentration
[14]. The elastic characteristics of the components determine, in turn, the formation of a
composition structure of the “drop in a matrix” or “layers in a matrix” type after the stage of
laminar mixing of the melt and the entire mixing process [15-16]. Reliable rheology over a wide
range of shear rates or stresses is of paramount importance in predicting or modeling the
characteristics of a mixture or mixing process. Additional physical characteristics required for
these applications are the surface tensions [293] of the melts and knowledge of the properties of
the interfacial layers [17].

Method

When manufacturing the compositions, each of the components was selected in such a way
that the final product would have a set of necessary properties, for example, high tensile strength,
high wear resistance, etc. The polymer mixing method is used to form melts into products that
optimally combine the properties of the components. When mixing, a static distribution of
components in the mixture is achieved, which makes it possible to obtain products with a specific
morphology, which is optimal for many areas of application of such products.

Development of technology for the mixing process.

Polymer mixtures are currently produced by mixing ingredients on a number of types of
equipment, such as disk, cone screw and cascade disk screw extruders, with the latter being the
most promising because allows you to control and conduct the processing process step by step.
They are characterized by high mixing efficiency, small dimensions and energy intensity with
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relatively high productivity.

It was of interest to determine the maximum productivity of an installation based on a
cascade extruder while maintaining high quality of the mixture, as well as to conduct a
comparative analysis of the energy costs of installations based on screw and cascade disc screw
extruders and to select the most economical and radial machine design. A cascade type extruder,
brand Chl163x25, was used in the work and the technical characteristics are given in Table 3
(Table 3).

During the processing process, significant shear forces arise, which, at elevated temperatures,
create conditions for the occurrence of oxidative destruction. With a significant increase in the
rotation speed of the extruder working bodies, the melt temperature increases. Taking these
features into account, the cascade extruder provides for autonomous rotation of the disk and
screw, which allows you to regulate the thermomechanical load on the melt in the disk and screw
Zones.

The optimal melt temperature when processing PUTEP brand VITUR-T-1413 is 170+5°C,
the shear rate gradient in the disk zone, depending on the productivity, ranges from 400 to 500 s™".
Therefore, based on the graph of t=f(n) and r=f(ng) (Fig. 3.), we clarified the range of working
gaps (N) and disk rotation speed (ng), which are 1.5-2.0 mm 150-170 min~! respectively. In this
case, an equilibrium occurs between destructive phenomena, which makes it possible to obtain
mixtures with stable physical and mechanical properties in a fairly wide range of ng. In this case,
the shear rate gradient is 400-500 s7!, the melt viscosity is (4.5-5.0) 10> N s/m?, the residence time
in the disk zone is 7-22. After determining the optimal shear rate gradient for a given grade of
polyurethane, we determined H and Ng based on specific conditions and as a result we obtained H
=3 mm; Ng=100 min~'.

Table 1. Extruder Specifications.

Characteristics Extruder type
[ 1l

Productivity, kg/hour 185 140
Diameter, mm
Disk 185 -
Auger 90 63
Length, mm
Disk 160 -
Auger 380 1575
Rotation speed, min~!
Disk 25-275 -
Auger 14-140 180
Drive electric motor power, kW 50 42
Electric motor power, KW 6,0 12,4
Range of adjustment of working gaps, mm 0,1-15 -
Compressed air consumption, m*/h 45 45
Water consumption for extruder cooling, m*h 1,0 1,0

Based on the found value of ng, using the data presented in to process the composition, we
determined the productivity of the feeder and the screw rotation speed associated with the
productivity of the disk zone, which for our case is 50 kg/h and 49-52 minutes. Moreover, in the
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screw zone with a thread depth of 6 mm, the melt has an average velocity gradient of 70-80 s, a
shear stress of 1.37-1.5 N/m and is characterized by a residence time in this zone of 70-110 s.

As an experimental test has shown, with a cascade extruder productivity of 40-80 kg/h
according to the mode calculated above, the physical and mechanical characteristics of the
mixtures are the highest. This can be explained by the fairly high plasticization ability of the disk
zone and the short time the mixture remains under the permissible thermomechanical influence of
the working parts of the disk and screw zones. At productivity above 80 kg/h, the melt flow rate
increases significantly compared to the optimum. This indicates the occurrence of mechanical-
chemical processes, namely, the overcoming of the process of mechanical destruction over
recombination.

Studies carried out on a disk extruder have shown that exceeding the shear stress of more
than 0.2 MPa at the optimal temperature leads to mechanical destruction of the mixture. At similar
numerical values of shear strain and optimal processing temperature on the ChP63x25 extruder,
the mixture destructs.

It should be noted that mechanical-destructive processes can be slowed down by increasing
the gap at the narrowest point of the disk zone and thereby reducing the shear rate gradient and
shear stress.

However, increasing the gap is possible up to a certain value, around which the mixing
capacity of the equipment begins to decrease.

In this work, a modernized extruder of the ED 90/185, the place of the extruder ChP63x25
allows reducing the reduced energy costs by 1.5 times (0.205 and 0.309 kW/h kg, respectively),
which provides significant energy savings.

Development of technology for granulation compositions.

For the production of massive tires, recipes were developed and the optimal version of the
recipe is provided in table 2

Table 2. Rubber compound formulation for tire production

Name of ingredients On 100 parts by weight of rubber.
Sample number

0 1 2 3 4 5
PUTEP 10 50 25 20 32 70
Butyl rubber 90 50 75 80 68 30
Sulfur 2,0 2,0 2,0 2,0 2,0 2,0
Sulfenamide 1,0 1,0 1,0 1,0 1,0 1,0
Zinc whitewash 3,0 3,0 3,0 3,0 3,0 3,0
Oleic acid 1,0 1,0 1,0 1,0 1,0 1,0
Stearin 0,5 0,5 0,5 0,5 0,5 0,5
Nitrodiphenylamine 0,3 0,3 0,3 0,3 0,3 0,3
Product 4010 A 1,0 1,0 1,0 1,0 1,0 1,0
Microwax 1,0 1,0 1,0 1,0 1,0 1,0
Rosin 1,0 1,0 1,0 1,0 1,0 1,0
Flektol-flakes 2,0 2,0 2,0 2,0 2,0 2,0
SPP resin 2,0 2,0 2,0 2,0 2,0 2,0
Oil PN-6 140 | 140 140 |140 140 [140
Technical hydrocarbon PM-105 | 65,0 | 65,0 65,0 | 65,0 65,0 | 65,0
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Granulation is the process of shaping a material into small pieces (pellets). Granulation is
necessary to provide the substance with improved technological properties, to prevent drainage
and increase flowability, to ensure the possibility of using the material in small portions, to
facilitate loading, transportation, etc.

The most common methods are granulation of thermoplastic elastomers and their mixtures
from the melt. In this case, as in our case, the processes of mixing, plasticization and granulation,
as well as the removal of moisture and volatile substances, are combined.

In production, the melt mixture is forced through the extruder head in the form of a rope,
which is cut into granules by rotating knives immediately after leaving the head after cooling in
air.

We decided that granulation should be carried out after air cooling due to the hydrolytic
instability of polyurethane. Appearance of granules measuring 3x4 mm.

Result

Based on the optimal recipe, we produced the composition on a laboratory roller for 12
minutes and at a temperature of 90C. Subsequently, the composition was subjected to a
vulcanization process. The results of physical and mechanical tests of the vulcanizate and the data
obtained are shown in Table 3.

Table 3. Results of physical and mechanical tests of polyurethane-based vulcanizate

The name of indicators Track numbers
1* 2% o 4FEx
Tensile strength at 24,0 | 250 26,0 26,5
tensile strength, MPa
Relative elongation 340 340 350 370
Conditional stress at 100% elongation, MPa | 110 | - 12,5 14,0

Basically, the research results are presented in a form that is inconvenient for their
engineering use. The most suitable form of the viscosity curve for such an application seems to be
the approximation described by a logarithmic parabola:

log h= B, + B:log, +B:> log,

where h is the melt viscosity in poise and v is the shear rate, s-1.

The term B, represents the standard viscosity at y = 1s-1, 1.e.

¢o =10, By is a measure of the dependence of viscosity on shear rate at

B2 =0.

In the work, petroleum polymer resin was used to improve the mechanical strength of rubber.
Therefore, the resin content and its effect on the viscosity of the composition were determined.
Basically, research results are presented in a form that is inconvenient for their engineering use.
The most suitable form of the viscosity curve for this application seems to be the approximation
described by a logarithmic parabola and we used the following formulas for. Basically, the
research results are presented in a form that is inconvenient for their engineering use. The most
suitable form of the viscosity curve for this application seems to be the approximation described
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by a logarithmic parabola:

The experimental dependence of the melt viscosity of a mixture of petroleum polymer resin
and PUTEP on the shear rate and composition of the composition was studied. The data obtained
are presented in Figure 1

Figure 1 shows the experimental dependence of the melt viscosity of a mixture of petroleum-
polymer resin and PUTEP on the shear rate and composition of the composition. Since confidence
intervals for parameters can be easily estimated, unambiguous comparison of composition
rheology is feasible.

Standard measures of melt viscosity and elasticity are convenient for predicting the
rheological characteristics of a mixture of a certain composition based on the known
characteristics of the components. Such an assessment can be reliably performed based on a
reliable mixing law. Attempts made in this direction were aimed at clarifying the various
empirical rules of mixing proposed by Arrhenius in 1887. However, at present, the only
"engineering"” type seems to be the mixing law proposed by Kasaija and Mori. It has been
successfully applied to mixtures consisting of components that differ significantly in melt
viscosity.

There is strong experimental evidence that the sigmoid shape of property-composition curves
for mixtures is of a general nature. To a first approximation, this is easily explained based on the
concept of dense packing, which is obtained from knowledge of the patterns of flow of
concentrated suspensions or effects associated with the role of exchange interaction between
suspended micro heterogeneous components of the mixture and the matrix .Since compositions
whose composition falls in the extreme region change their properties most significantly
compared to prediction based on any of the known approaches, and since these changes often
occur in a favorable direction, a number of studies have been undertaken to clarify the apparent
role of the boundary interfacial layers, separating the components of a micro heterogeneous
mixture.

butyl rubber

petroleum resin

viscosity

5 10 20 30 50 60 70 80 90 100
I | OO Y P, LR (SO N |

PETEP mass%

Figure 1. Dependence of viscosity at shear rate on the composition of the compositions PUTEP

Indeed, even standard measurements of the dependence of the specific volume of the melt on
the composition of the composition, carried out on flowing melts, showed that in a certain
concentration range the density of the melt in the boundary interphase layer significantly exceeds
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the density of the components .Thus, the flow mechanism of these compositions obviously differs
from the flow of bi-component mixtures, since the mutual “wetting” of the components depends
both on their molecular structure and on the thermal and shear prehistory of the system. The
introduction of additives leads to the development of the surface of the interfacial layer and a
decrease in the grain sizes of the components, as a result of which the flow mechanism changes -
the flow of particles is initiated. The change in the nature of the flow is accompanied by a
decrease in the viscosity of the melt and a significant decrease (especially at high shear rates) in
the elasticity of the melt. Secondly, as the melt flows, a fibrillar structure is formed in accordance
with the mechanism shown in Figure 2. At the same time, the highly elastic properties of the melt,
assessed by the degree of swelling, improve after the introduction of these plasticizers. At the
same time, it was shown in that in polymer melts, during rapid movements of macromolecules
that meet the conditions of rheological tests and processing, the nodes of the fluctuation network
of engagements that inhibit the movement do not have time to disintegrate. As the speed of
movement of macromolecules increases, the lifetime of the total number of nodes of two
contacting macromolecules increases, i.e. number of nodes between them. As a result, the
adhesion between the polymer chains increases and the polymer acquires properties characteristic
of a forced highly elastic state. Therefore, at critical speeds, the movement of individual
macromolecules will not occur, but the movement of chain conglomerates will be realized,
connected to each other and transferred to a forced highly elastic state, i.e. the well-known “flow
disruption” effect will occur.

In polydisperse polymers, unlike monodisperse ones, this transition is not clearly expressed
and occurs in a latent form, since with an increase in the shear rate of macromolecules, forming
conglomerates, they gradually pass into a highly elastic state, in order of decreasing their
molecular weight. As a result, the rheological characteristics, reflecting the viscoelastic properties
of the melt, also change gradually with increasing shear rate.

When plasticizers are introduced into a polymer, the number of nodes in an equilibrium state,
depending on the specific chemical structure of macromolecular units, and the distance coinciding
with the transverse size of the chain do not change; however, the characteristic lifetime of an
elementary unit, depending on the nature of the polymer and its state of distance from the glass
transition temperature. At the same time, plasticization of polymers leads to an increase in the
speed of movement of the macromolecule due to the fluidity of the melt, i.e. increase in shear rate
relative to shear stress.  This should lead to an increase in the number of nodes and, as a
consequence, to an acceleration of the process of transition of macromolecules into a forced
highly elastic state, i.e. to improve the characteristics of the highly elastic state of the polymer
melt. The manifestation of high elasticity of macromolecules depending on the speed of
movement is confirmed by the presence of a correlation between the degree of swelling and the
flow rate of the melt (Fig. 2), invariant with respect to the above additives (plasticizers), despite
the different plasticizing ability of petroleum polymer resins.

When mechanically and chemically mixing petroleum polymer resin and butyl rubber,
containing 5 and 9%, with thermoplastic elastomer PUTEP, taken in quantities of 5, 10 and 15%,
there is a decrease in effective viscosity, an increase in the melt flow rate and the degree of
swelling (Fig. 3.). The increase in fluidity of the compositions is explained by the presence of
petroleum polymer resin with a lower molecular weight than that of the thermoplastic elastomer
urethane blocks.
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Figure 2. Dependence of the degree of swelling of the melt on the fluidity index PUREP

Thus, we can conclude that both crystalline and non-crystalline polymers are characterized
by a certain supramolecular structure, however, in a viscous fluid state, the supramolecular
formations of polymers are fragile and easily disintegrate under the influence of thermal motion
and stress. Only temporary ordered micro regions of a fluctuation nature (structural macroblocks)
also arise, which by their nature resemble regions of short-range order in liquids, but are
characterized by greater stability and order. In general, the structure of polymers can be
represented in the form of two parts: one part consists of free segments, the thermal movement of
which is quasi-independent, and the other is a molecularly ordered structure distributed
throughout the entire volume, consisting of interconnected ordered micro-regions.

When temperature and pressure change, the number of segments redistributes between the
ordered and disordered parts of the polymers.
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Figure 3. Dependence of the degree of swelling of rubber samples based on PUTEP + Resin +
Butyl rubber

Thermoplastic polyurethanes (PUTEP), which are similar in properties to cross-linked
polyurethane elastomers, can at the same time be processed like conventional thermoplastics. To
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select optimal processing modes for PUTEP, it is necessary, as shown above, to know their
rheological properties in a wide range of temperatures and shear stresses.

£g Metvis. = £g N0 - Ex fge /R x (1/10 -1/7)

where E is the flow activation energy, kJ/mol; 1 - shear stress Pa; neff - effective melt viscosity at
temperature T/v K/Pas; 10 is the highest Newtonian viscosity at the lowest test temperature (TO0),
Pas; R - gas constant; a0 is a constant for a given polymer, Pa-1 D.

For a number of samples of PUTEP and the composition at different test temperatures with
the same intrinsic viscosity (1), different characteristics were obtained and the obtained data are
presented in Table 4

Table 4. Characteristics of PUTEP at various test temperatures

Ne oc E, kJ/mol A x1Pa-10° ao

1 160 183,8 1,7 4,13
2 185 199,0 2,2 5,30
3 190 268,0 2,5 5,40

Polyurethane thermoplastic (PUTEP) elastomer melts are characterized by high values of,
which indicates a narrow temperature range of fluidity of these polymers. This appears to be due
to the presence of nodes in physical and chemical networks caused by the strong molecular
interactions of the rigid polyurethane blocks.

Since the corresponding values of E for PUTEP with sufficiently large intrinsic viscosity and
length of rigid blocks exceed the energy of thermal decomposition of urethane bonds (85-170
kJ/mol), the flow of such systems is apparently mechanic-chemical in nature and is accompanied
by reverse destruction of the polymer structure.

kjoule\mol
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g l;,z (3 m 10 %
7

Figure 4. Dependence of flow activation energy on the characteristic viscosity of a polyurethane
solution.

The discovered patterns of rheological behavior of PUTEP melts make it possible to give
some recommendations for optimizing temperature conditions and the method of their processing.

e
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For example, the intrinsic viscosity of PUTEP should probably not exceed 0.7. Above this limit,
the physical and mechanical properties of the material do not change, and the melt viscosity and E
increase significantly, which indicates a significant narrowing of the processing temperature
range. For processing by extrusion and calendaring, it is advisable to recommend PUTEP grades
with low and medium hardness, characterized by a less strong dependence of melt viscosity on
temperature and shear stress. PUTEP grades with increased hardness should be processed mainly
by injection molding. At the same time, due to the high “shear compliance” of the melt and under
the influence of high shear stresses developed during the processing process, one should expect a
significant reduction in the viscosity of the melt, which improves the manufacturability of the
process.
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Figure 5. Dependence of 1g np of the highest Newtonian viscosity of the polyurethane melt on Ig
m of the number-average molecular weight of polyurethane

As can be seen from Figure 5, in turn, the logarithmic dependence of the highest Newtonian
viscosity of the PUTEP melt on molecular weight in the range of 7000-55000 is linear. In this
case, the exponent in the known equation for the dependence of viscosity on molecular weight is
4.0, which slightly exceeds the value of this parameter . A similar anomaly is observed for melts
of other polymers.

Conclusion

1. Insufficient properties of compositions based on them limit their use in tires and rubber
products. polyurethane is modified with petroleum polymer resin of the SPP-6 brand to improve
the joint mixing and joint vulcanization of PU with other components.

2. An optimal formulation of a rubber mixture based on polyurethane has been developed,
thanks to which it can be produced on a laboratory roller at 40-60°C, within 10-15 minutes

4. Physico-mechanical and operational properties (strength level, conventional tensile
strength at 100% tensile strength; nominal tensile strength at 300% tensile strength, relative
tensile strength, relative residual deformation, tensile strength, elasticity, bond hardness with
metal, fatigue strength under repeated tension, coefficient thermal aging at a temperature of
1200C, swelling level within 48 hours, resistance to aggressive environments).
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5. Adding a certain amount of petroleum polymer resin to various mixture compositions

improves the properties of the vulcanizate, including improving the mutual dispersion of the
components in the mixture. The introduction of plasticizers increases the tensile strength (E ten =
200%, V = 250 rpm) from 1,500 to 1,92 thousand cycles, and the hardness of adhesion to metal.
These figures are higher than those corresponding to massive tires

6. A technology has been developed for producing injection molded tires of various types and

modifications from polymer composite material .Extensive testing of injection molded tires has
been carried out on electric vehicles, automobiles and agricultural machinery in the field,
recording the tire's high mechanical strength
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PA3PABOTKA U BHEJIPEHUE MMPOU3BOJCTBEHHOM TEXHOJIOTI' UM
HOJIYYEHUA KOMITIO3UII U n HINH HA OCHOBE
HOJIMYPETAHOBBIX CHUCTEM. OCOBEHHOCTH PEOJIOI'MA
HOJINYPETAHA

Kepem Ceiipu lHlnxanues

Aszepbaiimxanckuii ['ocynapctBennblit YHuBepcuter Hedru u Ilpombinuiennocty, baky, Aszep0OaiimkaH IOKTOp
TEXHHUYECKHX Hayk, akagemuk ODAX, mpodeccop Kadenpbl «OpraHuueckue BeIIECTBA W TEXHOJIOTHS
BBICOKOMOJIEKYJISIPHBIX coelMHeHHi, kerem_shixaliiev@mail.ru

PE3IOME

OObeKkTaMH HCCIeIOBAaHUS SIBISUINCH TEPMOIIOJIMYPETAHOBBIE TEPMOIUIACTUYHBIE 3JIaCTOMEPHI
(ITYTII), monyuyenHsle peakmuei 4,4-mudeHUIMETaHANU30IMAHATA, TUAPOKCUICOICPIKAIIETO
nonudpupa ¢ MonekyiaspHod Maccod 2000 (monmmdTHIIEHTNIMKONbanunar) u 1,4-Oytamuona
(mpombinuieHHOE HauMeHoBanue). BUTYP). -T-1413)

YcTaHOBNIEHO, YTO 3aBUCUMOCTS Jiorapudma s¢ddextuBHON BsizkocTu (1N3¢) pacruiasa [TYTIII ot
HaIpsDKEHUs CABHUIa IpU Pa3JIMYHBIX TEMIIEpPATypax B HCCIIEIOBAaHHOM JHAla30HE CKOPOCTEH
capura (ot 1 go 100 c-1) mpexacraBnsier co0oil mapajjiesbHbIE MPsIMbIE JIMHUU. DTO TO3BOJISET
HCIIOJIb30BaTh JJIs ONMCAHUS PEOJOrHYecKoro noseaeHus pacruiaBoB ITYTOII ananmutudeckyro
3aBUCUMOCTh 3(()EKTHUBHONW BSI3KOCTH OT TEMIEpaTyphl, YUHUTHIBAIOLIYIO TaKXe BIUSHUE
CIBUT'OBBIX HaNpsKEHUI HA BA3KOCTh PacIUIaBa.

VYrnepoanenHble U reTepolentble MOIMMEPhl ONPENesSOTCS MHOTUMHU (DakTOopamu, TaKUMH Kak
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TEPMOJMHAMHYECCKHAE CBOMNCTBA KOMIIOHEHTOB, MX MOJICKYJISIpHAs Macca, CTENEeHb JAMCICPCHOCTH
¢a3, cHocOOHOCTh KOMIIOHEHTOB K KPUCTAUIU3AIMH U JP.

BakHyt0 poJib B TEXHOJIOTHH HUIPAIOT KOMITO3HIIMOHHBIC MAaTepHasbl, MPEICTABISAIONIME COOOit
apMUPOBAaHHBIC WM HAMOJHEHHBIE MOJUMEpHl. Pa3paboTka 3TUX MaTepuaioB M YIIyUHIEHHUE HUX
CBOMCTB IMpEJCTABIISACT COOO0M CIOKHYIO 3a1aduy, 3HAYUTEIbHOE MECTO B KOTOPOW MPUHAICHKUT
(U3UKOXUMHH TIOBEPXHOCTHBIX SIBJICHHUH B monumepax. llostomy mnpoGnemsl (pu3nKOXUMUN
HAMOJHEHHBIX TOJIMMEPOB — 3TO MPOOJEMbl (PU3MKOXUMHHM TOBEPXHOCTHBIX SIBJICHUH B
HoJUMepax.

KiroueBble ciioBa: pa3paboTka, peosiorusi, MOAM(UKAIKs, MOJIUYpETaH, TEXHOJOTHS, HIUHBI,
BYJIKQHU3ALMSI, SKCTPY/IEP.

POLIURETAN SISTEMLORI 9SASINDA KOMPOZIiTIORDON SINLORIN
ISTEHSAL TEXNOLOGIYASININ iISLONILIIB HAZIRLANMASI VO
TOTBIQi. POLIURETANLARIN REOLOGIYASININ ARASDIRILMASI

Karam Seyfi Sixsliyev

Azarbaycan Dovlat Neft vo Senaye Universiteti, Baki, Azaorbaycan
texnika elmlori doktoru, akademik EAH “Uzvi maddslar vs yiiksak molekulyar birlasmalorin texnologiyast”
kafedrasinin professoru, kerem_shixaliyev@mail.ru

XULASO

Todqgigatin obyektlori 4,4-difenilmetan diizosiyanat, molekul kiitlasi 2000 (polietilen glikol
adipat) vo 1,4-butadiol (sonaye adi) olan hidroksid saxlayan poliefirin reaksiyasi naticasindo oldo
edilon termal poliuretan termoplastik elastomerlordi (PUTP). VITUR). -T-1413)

Miiayyan edilmisdir ki, tadqiq edilmis yerdoyisma siiratlori diapazonunda (1-don 100 s-1-a qader)
miixtolif temperaturlarda PUTEP orimasinin effektiv 6zliiliiyiiniin (neff) logarifminin yerdoyigsmo
gorginliyindon asililig1 paralel diiz xatlori tomsil edir. Bu, PUTEP arimolorinin reoloji davranisini
tosvir etmok liglin effektiv 6zliiliiylin temperaturdan analitik asililigindan istifado etmoyo imkan
verir ki, bu da srimanin 6zliiliiyline yerdoyismo gorginliyinin tasirini nazars alir.

karbon zoncirli vo heterozoncirli polimerlor bir cox amillorlo miioyyon edilir, masolon,
komponentlorin termodinamik xassalori, onlarin molekulyar ¢akisi, fazalarin dispersiya doracasi,
komponentlarin kristallagma qabiliyyati va s.

Gliclondirilmis va ya doldurulmus polimerlar olan kompozit materiallar texnologiyada miihiim rol
oynayir. Bu materiallarin inkisafi vo xassalorinin tokmillosdirilmasi miirokkob bir problemdir ki,
burada polimerlords soth hadisolorinin fiziki kimyasimna miihiim yer verilir. Buna goro do
doldurulmus polimerlorin fiziki kimyas1 problemlori polimerlards soth hadisalarinin fiziki kimyas1
masalalaridir.

Acar sozlor: emal, reologiya, modifikasiya, poliuretan, texnologiya, sinlor, vulkanizasiya,
ekstruder.
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