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Abstract:

- The regularities of the thermodynamic compatibility of various industrially produced polyolefins and
heterochain polymers and the possibility of obtaining composite materials based on their mixtures with significantly
increased performance properties based on existing production facilities and process equipment have been identified.

- The methods have been developed for the chemical and physical modification of individual polymers, their
mixtures to improve the performance properties of composite materials; including the method of modification of
polyethylene, which made it possible to significantly increase its thermal stability in air and in vacuum, anti-corrosion
properties.

- The effectiveness of the use in composite materials of the petroleum resin PPC intended to produce the
products operated under conditions of increased mechanical wear, temperatures, pressures and deformations.

- Developed composite materials based on mixtures of PVC, TPU, CCPE+PVC, CCPE+PU, LDPE+BR, technology
of their manufacturing and processing, application of new efficient products with extreme operating conditions:
injection molded tires for agricultural machines, casing stabbing baskets, nuclear magnetic logging probes, scrapers
and bucket elevators, sealing rings for pneumatic radiators, indented surface of the grain cleaning machines.

Keywords: compatibility, injection molded tires, processing, solubility parameter, chlorocarboxylated
polyethylene (CCPE), polyvinyl chloride (PVC), composition, obtaining mixtures of polymers.

Introduction

Problem and its relevance. The problem of obtaining polymer composites with the necessary properties for
working under extreme conditions at the present time is solved in two ways: by synthesis new types of polymers and
by creating polymer compositions, where the properties of the individual components additively complement each
other.

The scientific and technological progress of manufacturing imposes more and new stringent requirements on
the polymer products, and the demand of industry for new materials is constantly increasing. Thus, the development
of various polymer composites, greatly simplifying the technology of their production and processing, reducing the
cost of obtaining materials with the necessary sets of properties is extremely relevant under current technological
conditions.

In the polymer industry there is large-tonnage production of individual polyolefins and heterochain
polymers, on the one hand to permit the realization of a certain range of performance properties of polymer
products, and on the other hand, the constant development of technology requires expanding the range of
application of polymer products increasing their technical level. This contradiction put forward as one of the most
important economic problems — the need to develop industrial technology to produce new types of composite
materials with significantly enhanced performance capabilities on the basis of manufactured polyolefins and
heterochain polymers, to offer the production of new high-performance products using existing production facilities
and process equipment.

However, in spite the great economic and technical benefits of composite materials manufacturing based on
the production of large-capacity polyolefins and heterochain polymers, until recently, in Azerbaijan as in other regions
of the world industrial production of individual polymers appeared: butyl rubber, polyvinyl chloride,
chlorocarboxylated polyethylene, high density polyethylene, polyurethane and others which significantly reduced the
efficiency for their use in the national economy, export opportunities [1-11].

This situation was due to the fact that the theory of multicomponent polymer systems was still not fully
developed, there were no scientifically based recommendations for the production, processing and use of such
composite materials.[12-14].
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The importance of the research is determined by the need to develop a scientific basis for the compatibility
of industrial polymers by identifying the thermodynamic regularities of polymer blends.

Experimental and Discussion

Materials

For the experiments in this work were used commercially available polymers:

* isotactic polypropylene (PP; P5000 / Vestolen GmbH)

e nitrile rubber (NBR; Perbunan NT 3465 / Bayer AG)

e ethylene-propylene-diene polymer (EPDM; Buna EP G 5450)

Several types of promoters for processing (PRMs) were obtained from RheinChemie (Mannheim).

Polyolefin thermoplastic elastomers were obtained on the basis of ethylene-propylene elastomers and high-
density polyethylene by two methods: in the first case sulfur-containing compounds (altax, sulfur) were used as a
modifying agent, in the second case — TLV.

A series of thermoplastic elastomers was obtained by combining the initial polymer components in the melt
on rollers at a roll temperature of 433+453 K with a gap between them ~ 0,2mm. After melting the crystalline
thermoplastic, EPDM and structuring agents were added. To achieve good homogenization, rolling was carried out for
25 minutes.

Formulation of the compositions had the following composition (pts. wt.): EPDM — 100; HDPE — 10 +80;
dicumyl peroxide 1+2. B series of thermoplastic elastomers were obtained similarly to the A series of thermoplastic
elastomers according to the following formulation (pts. wt.): EPDM — 100; HDPE — 10 + 80; altax — 1,8; sulfur — 2,0.

There are a number of fundamental approaches to the manufacture of polymer mixtures among which the
method of mixing thermoplastic polymers, carried out on an extruder or roll mills, compares favorably with simplicity
of technology. Despite a range of limitations associated with the stability of the mixture throughout the entire
manufacturing cycle of the specified method, it was possible to obtain a number of mixtures of TPU with other
thermoplastics. Thus, by blending TPU with PVC, a material obtained combines the impact resistance and abrasion
resistance of TPU with rigidity and high modulus of elasticity of PVC. At the same time the resulting composite is
cheaper than pure TPU.

Compatibility calculation for the system butyl rubber - low density polyethylene (BR-LDPE) at
temperature 298 K

We calculate the solubility parameters of individual components of the mixture using tabular values of the
Small molar attraction constants of various chemical groups, taking into account the density of BR at 298K
p =092 x10%kg/m5 the isoprene content 5%, the density of LDPE p = 0,96 x 10% kg/m®. The calculation
does not take into consideration the distribution of end groups and molecular-mass distributions. The formula for BR
(n=0,95; m=0,05) is:
CHs
I
[-CH2—C —]n - [-CH2—C=CH- CH2]m
I I
CHs CHs
Molar attraction constants of isoprene:

ZF=133,2+93+214+28=415
M=5ix12+8x1=068

Molar attraction constants of isobutylene:
XF —CH; —CH; \/
C
/\

ZF=133+2)<214—93=468
M=12x4+5x1=753

Then the solubility parameter of BR:

) —GQE;’Q95468+GD5415 8.0
ERO T 753 T 68 '

The solubility parameter of LDPE:
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The calculation of the interaction parameter between polymers have been performed by the Hildebrand
equation; R is the gas constant equal to 1,987 kcal/deg*mole™; T is the temperature in degrees Kelvin and V. is the
reference volume in cm3/mole conveniently taken to be 100 cm3/mole.

For this value of Vr and temperature 298 K, the Hildebrand equation takes the form:

fag = (6, —d35)
In this case

(9,12 — 8.0)°
Aspore = g 0.209

The following equation is used to calculate the critical ¥z5_; npz

. =1/2[1/ 247+ 1/ 447,
which involves the degree of polymerization of each polymer in terms of the reference volume V.. The degree of
polymerization can be calculated based on the validity of the degree of polymerization %, if the molar volume of the
repeating unit of the polymer is known, by the equation
za = /),

A fairly good approximation is obtained from the relation

7, =M, /100,

where Ma is the molecular weight of polymer.

Thus, we have:
__ 350000

Zan = o = 3500
200000
Ziops = —iamw = 3000.

Hence, using the equation for calculating the critical value

y = 1/2 1/ _ 4
(Fsn_zoes),, = 1/2x 1/3500*/2 +1/3000*/2 = 6,18 x 10
we determine the probability of phase separation origin, for which purpose we calculate ¥zp_; npe for various phase

compositions. The results are summarized in Table 1.

Table 1 : The solubility parameters of the BR-LDPE system

Per 'LrZa;; -L::u;sz}s?J ®ar 'Lr/'.’sg —LD.FE}S?_'l
0,00 - 0,55 6,3 x10
0,05 3,03 x10 0,60 6,55 x 10
0,10 1,61 x10 0,65 6,96 x10
0,15 1,15x10 0,70 7,60x10
0,20 9,23 x10 0,75 8,57x10
0,25 7,94x10 0,80 1,01x10
0,30 7,14x10 0,85 1,28x10
0,35 6,65 x10 0,90 1,83x10
0,40 6,35x10 0,95 3,48x10
0,45 6,20x10 1,00 -

0,50 6,19 x10 - -

As is clear, with a decrease in the concentration of any component in the mixture, the spinodal solubility
parameter increases and LDPE dissolves in BR much better than BR in LDPE. The concentrations were determined by
variational method at which absolute combination is possible. This is 0,08 wt% for LDPE and 0,06 wt% for BR.

Thus, the calculation method shows that the BR-LDPE system is practically incompatible.
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To find the critical point of the system in the phase diagram, it is necessary to calculate the Gmix for different

composition of the system. The calculation was performed at T=298 K, the results of which have been summarized in
Table 2.

Table 2: Heat of mixing BR-LDPE

Pgr Gmix Dgr Gmix

0,00 |- 0,55 | 3,42x10

0,05 |6,58x10 | 0,60 |3,33x10

0,10 | 1,25x10 | 0,65 | 3,16x10

0,15 1,77x10 0,70 | 2,91x10

0,20 | 2,22x10 | 0,75 | 2,60x10

0,25 | 2,60x10 0,80 | 2,22x10

0,30 | 2,91x10 0,85 | 1,77x10

0,35 | 3,16x10 | 0,90 | 1,25x10

0,40 | 3,33x10 0,95 | 6,58x10

0,45 | 3,42x10 1,00 | -

0,50 | 3,46x10 | - -

The calculated data show that the so-called symmetric case with the lower critical solution temperature
(LCST) is observed for the BR-LDPE system. Based on the additivity principle, we have T=503 K.

Thus, from the above calculation conclusions can be drawn:

1. The BR-LDPE system is practically incompatible;

2. The combination is possible at the concentration of BR in LDPE up to 0,06% and at the concentration of

LDPE up to 0,08%.

To compare the compatibility of polymer blends depending on the polarity of the components, the
compatibility parameters for the system of polar components PVC and TPU were calculated (compared with the non-
polar system LDPE-BR).

Compatibility calculation for the system polyvinyl chloride - thermoplastic polyurethane (PVC-TPU) at
temperature 298 K

We calculate the solubility parameters of individual components of the mixture using tabular values of the
Small molar attraction constants for different chemical groups, taking into account the density of PVC at 298 K
(p=1,41x103 kg/m3). In the calculation, we will consider the distribution of end groups due to the insignificance of
their number and without taking into account the molecular weight distribution.

Unit link of PVC - [-CH2—CHCl -]

Molar constants of attraction
-CH2— -CH =Cl-

ZF=133+28+2?G=431

M=122+13+355=625
Then the solubility parameter of PVC will be:
Oppe =141 x431/625=9,72
The solubility parameter of TPU, taking into account the fact that the density of TPU at 298 K
(P2ap = L1 x 108 kg/m?).
Unit link of TPU
[-(CH2)6— OCOHN —(CH2) 4 —]n
-(CH2)6— -COO- -NH- —(CH2)4

Z F=133,6+310+ 180+ 133,4= 757

M=1211+121+162+14=199

rpy = 1LL10+ 1820+ 1599 = 10.06

The calculation of the interaction parameter between the polymers in the system is performed by the equation:

Fag = V./RT(&6,— &5)°

where R is the gas constant equal to 1,987 kcal/deg*mole™; T is the temperature in degrees Kelvin and V: is the
reference volume in cm3/mole conveniently taken to be 100 cm3/mole. Thus, for T=298K, the equation becomes:

;-/A.S = {5A - 63}2.{5
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In this case, for the system PVC-TPU we have:
Sppe_rpy = (10,06 —9,72)2/6 = 0,019
To calculate the critical value (¥ p-_rppter IS Used the equation

7. =1/2[1/ A%+ 1/ 4]

which includes the degree of polymerization of each polymer, expressed as a reference volume V.. The degree of
polymerization can be calculated based on the validity of the degree of polymerization 7, if the molar volume of the
repeating unit of the polymer is known, by the equation

T =WV,

A fairly good approximation is obtained from the relation

Yy =M, /100

where Ma is the molecular weight of polymer.
Thus, we have:

90000
Tove=—Dog = 500
12000
Arow = g T 180

Hence, using the equation for calculating the critical value:

(ZPV{,'_TPU}E.“ =1/2x 1)!.;_/15._'[@,1 )‘.IGP} + -]-.fllfs {‘I’B}sp (Table 3).

Table 3:Values of the spinodal interaction parameter for different phase compositions:

ltemNo | PVC | (¥epeoraplem
1. 0,00 |-

2. 0,05 | 2,78x103
3. 0,10 | 1,40x10?
4, 0,15 | 8,64x103
5. 0,20 | 6,97x103
6. 0,25 | 6,25x1073
7. 0,30 | 5,93x103
8. 0,35 | 5,82x103
9. 0,40 | 5,86x103
10. 0,45 | 6,02x103
11. 0,50 | 6,29x1073
12. 0,55 | 6,67x10%
13. 0,60 | 7,18x103
14, 0,65 | 7,87x10°3
15. 0,70 | 8,79x1073
16. 0,75 | 1,01x10?
17. 0,80 | 1,19x107?
18. 0,85 | 1,46x10?
19. 0,90 | 1,92x10%?
20. 0,95 | 2,84x10?
21. 1,00 | -

Since 0,019 is significantly more than 0,006, thatis (¥z.c_rpy) = (Yppe_rpy)er then this system must be
incompatible in a wide range of compositions. Using the equation
(ag)sp = 1/2[1/ 7, (@A) 5p + 1/ 7, (9B)5p] (1)
we determine the probability of the phase separation origin, for which we calculate '[vac—rpu}ﬂ for different phase

compositions.

As seen, TPU dissolves in PVC much better than PVC, and at a content of less than 10% TPU, complete
compatibility of the systems should be observed. The calculation shows that there is a so-called asymmetric case with
two critical solution temperatures, the lower and the upper [12-14].
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Preparation and study of compositions

However, such compositions have a low relative elongation (100+200% at 293K), which is completely
unsatisfactory for use in a number of RTG industries in particular for injection molded polyurethane tires
manufacturing.

For the purpose of imparting optimum technological and physical-mechanical properties to mixtures based
on TPU, the modifying role of CCPE serving as a “carrier” for PVC incompatible with TPU was investigated.

The studies were conducted using 32 full factorial design (FFD). Homogenization was carried out by mixing of
research components on a double-roller mixer at a temperature of 438K for 15 minutes, then the blades were
injected which 7 days of exposure were subjected to rupture on a P-0.5 tensile testing machine according to GOST
270-75 at a drawing rate of 130 mm/min and a temperature of 293K. Drawing on the literature data, optimal
indicators for injection molded tires were determined:

dv=1,0=45,0 kN/m is a tear resistance

de=1,0=375% is a relative elongation, where dw d: — desired factor functions.

The relationship of the desirability coefficient y* with the desirability function has the form:
d=e-01"
where n is the exponent which value is determined by the requirement for the parameter.

Varying the indicator of desirability from -4 to + 4, we define the type of regression equation that relates the
current value of the studied indicator with the indicator of desirability, referring to the equation
Vo= o+ t; y?
where y! is the current value of the indicator.

The calculations found that:

1= 842400276
y1=17,35-0,0356

Taking the form of the desirability function d = xfyi according to [ 7- 9], we determine the indicators of
desirability for resistance to tearing ¥} and relative elongation 2, as well as the corresponding functions of
desirability. The results are summarized in Tables 4 and 5.

The generalized desirability function was determined by the formula:

D, = w.l'di-Gdi-s

The results of the physical-mechanical tests of the obtained compositions and the generalized desirability
function are shown in Table 5.

The analysis of tabular data shows that CCPE behaves as a typical polymeric plasticizer, due to the plasticizing
effect of which the relative elongation of the composition increases by 2,5+5 times. The introduction of PVC enabled
to reduce the negative impact of the plasticizing effect of CCPE on the breaking strength value.

An analysis of generalized desirability functions shows that:

1. anincrease in the PVC content from 5 to 10 by pts. wt. leads to an increase in Di from 0,067 to 0,078;
2. anincrease in the content of CCPE from 5 to 20 by pts. wt. leads to Di with an extremum at the level 12,5 pts.
wt.

X2=5 pts. wt. Di=0,067
X2=12, 5 pts. wt. Di=0,089
X2 =20 pts. wt. Di=0,078.

3. In one pair of the system (for example 3a-2b, etc.) is maximum with an increased content of petroleum resin
PPC.
To study the polymer mixtures a polarizing microscope MIN-8 equipped with a purpose made photo nozzle

with a Zenit-TTL reflex camera with magnification x 480, quartz wedge L = 1,"231. was used, polymer mixtures were

studied at a temperature of 298 K.

Table 4: Desirability function and desirability indicators for breaking strength and relative elongation

ltem No. | ¥ig d;G | Vi d;z

1. -2,78 10,01 | 4,78 1,0

-3,40 | 0,01 |0,37 0,45

-297 1001 |-3,40 |0,01

-3,33 0,01 |1,22 0,80

-3,25 0,01 |-3,23 |0,01

ok W N

-3,67 10,01 |081 0,61

6178



Nat.Volatiles&Essent.Oils,2021,8(4):6173-6185

7. -299 001 |-098 |0,01
8. -259 (001 |-1,73 |0,50
9. -2,84 1001 |-3,23 |0,01
10. - - - -

11. -3,84 | 0,01 |-2,19 |0,02
12. -401 | 0,00 |-3,01 |0,01
13. -3,01 | 001 |-049 |0,20
14. -295 10,01 |0,80 0,61
15. -244 10,01 |-269 |0,01
16. -2,74 10,01 |-2,76 |0,01
17. -293 001 |-241 |0,01
18. -3,16 | 0,01 |-3,58 |0,01

Table 5: Physical-mechanical properties and generalized desirability function of the composition

Variables Responses
Temperature | PVC CCPE PPC Breaking Relative Remanent Generalized
Item No. | range, K strength, elongation, elongation, desirability
MPa, % % function,
Xo X1 X2 X3 Yo Y1 Y D
la l 373 5,0 5,0 0,55 20,4 354 57,5 0,1
1b 2 373 5,0 5,0 2,2 18,2 477 89,5 0,067
2a 3 373 5,0 12,5 0,588 19,7 583 89,6 0,01
2b 4 373 5,0 12,5 2,35 18,4 453 81,3 0,089
3a 5 373 5,0 20,0 0,626 18,7 578 89,8 0,01
3b 6 373 5,0 20,0 2,5 17,2 510 77,1 0,078
4a7 373 7,5 5,0 0,562 19,6 515 90,5 0,032
4b 8 373 7,5 5,0 2,25 21,1 536 87,4 0,071
5a 9 373 7,5 12,5 0,6 20,0 578 102,1 0,01
5b 10 373 7,5 12,5 2,4 - - - -
6a 11 373 7,5 20,0 0,638 16,5 549 91,5 0,014
6b 12 373 7,5 20,0 2,55 15,9 572 106,4 0,00
7a 13 373 10,0 5,0 0,576 19,5 501 91,5 0,045
7b 14 373 10,0 12,5 2,3 19,8 465 80,0 0,078
8a 15 373 10,0 12,5 0,612 21,6 563 91,5 0,01
8b 16 373 10,0 12,5 2,45 20,5 565 84,4 0,01
9a 17 373 10,0 20,0 0,65 19,8 555 89,8 0,01
9b 18 373 10,0 20,0 2,6 19,1 588 89,6 0,01

Investigation of solubility and thermodynamic parameters of polymer mixtures by method of inverse gas
chromatography and turbidimetric titration (in block and solution)

The solubility parameters of substances characterize the relationship between the mixing energy and mutual
solubility. The value of the solubility parameter of the polymer is necessary to obtain valuable information about the
behavior of the polymer when mixed with other polymers or low molecular weight substances. By Hildebrand’s
definition, the solubility parameter is defined as the square root of the cohesive energy density, that is, the
evaporation energy per unit of volume.

Direct determination of the heat of vaporization, and hence the solubility parameters of polymers are
impossible due to their non-volatility. Presently, methods for determining the cohesive energy of polymers based on
the examination of the interaction of a polymer-solvent with known solubility parameters became the most common.

The swelling of cross-linked polymers was studied in the research [14] and it was found that swelling is
maximal in solvents that have the same cohesive energy density as the polymer. Bristow and Watson obtained the
solubility parameters of polymers from measuring viscosity in a number of solvents using Flory-Huggins interaction
parameters .. Furthermore, the solubility parameter of the polymer was assumed to be equal to the solubility

parameter of the solvent, in which the limiting viscosity is maximum.
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Small obtained additive molar attraction constants for various molecular groups from measurements of the
vapor pressure of volatile substances and used these values to calculate the solubility parameters of the polymers.
Subsequently, these constants were revised by Hoy and Van Krevelen.

Sokh and Clark proposed to determine the cohesive energy density from the data of turbidimetric titration
(TT) of solutions by polyprecipators. The solubility parameters of polystyrene and poly-o-chlorostyrene determined by
them well correspond to the known values obtained from swelling measurements.

Ito and Gillet showed that when using polymers as the stationary phase and various sorbates with known
solubility parameters, can be used inverse gas chromatography to determine the solubility parameters of polymers.

Both of the latter methods for determining the solubility parameters of polymers are characterized by the
diametrically opposite state of the “polymer-solvent” system, namely, in the TT method the solubility parameter of
the polymer is determined under conditions corresponding to the “infinite” dilution of the polymer in a solvent, which
can be denoted as &%. In the case of inversed gas chromatography, the solubility parameter is determined by the
“infinite” dilution of the low molecular weight substance in the polymer and the maximum interaction between the
polymer molecules. The solubility parameter is correctly designated as dg-.

Therefore, considering the presence of strong specific intermolecular interactions in polar polymers, we
should expect an increase in the difference between &2 and &z solvents and precipitators as the intermolecular
interaction strength increases.

On the basis of Hildebrand-Scatchard and Flory theory, provided that the volume does not change when
mixed, the parameter 7 is related to the solubility parameter by the relation:

f:I’EIRTX{ﬂi_ﬁ:}'FfE (2)

where V1 is the molar volume of the solvent; &, and &5 are the solubility parameters of the solvent and the
polymer, respectively; R, T is the gas constant and absolute temperature; 7. is the entropic contribution to the
interaction parameters.

Opening brackets and dividing variables, we have

83/RT— z/V; =28,/RT x 8, —(83/RT + z,/V})  (3),
which is a linearized form of equation (2).

As established by Gray, the contribution of the ;'{;’I,r term for good solvents (having least value ¥ for particular
polymer) is insignificant and for these sorbates the linearization §/RT — 7/V; relative to & 4 is not very different

from a parabola.
Accordingly, the polymer solubility parameter &: can be found from the slope of the linear dependence

d2/RT — /W relative to a number of sorbates. The values in the left-hand side of the equation (3) can be found
from the condition that samples in the vapor state behave like an ideal gas at infinite dilution.
Then,
5, = [(AH, — RT)/V,]°%

Here the values of the molar volume of the solvent V. and the heat of evaporation AH, are easily
determined or are available in the literature [12-13].

The Flory-Huggins interaction parameter is calculated using the equations proposed by Patterson and his co-
workers

0™ =mx273.2xR/P? x [,;2' M, —P)RT % (B;—WV,)
¥op = 0= —In(V,/V) -1+ M, +v/M; +v, (4)

where Ms, PP, V., v, is the molecular weight, saturated vapor pressure, molar and specific volumes of the
solvent at temperature T, respectively; B;; is the second virial coefficient; M. ¥ is the molar weight of the segment
and the specific volume of the polymer at T; I’_;.':' is the reduced to 273 K characteristic retention volume obtained in

the usual way.
In return the values of ¥ in the case of titration with two different precipitants, one of which has a lower

value 51{;{“)and the other - a higher value of 51(}{&) will be
Lep = Vi (62 — 6y )20/ RT (5)
Ken = VonBmn —82)en/RT+ (15) , (6)

Here the indices mL and mh are assigned to the mixture of solvent and precipitant at the turbidity point.
Equating both expressions (5) and (6) to each other, taking (ISJ{.‘L = (Ii)f.'h for a low concentration of the polymer

in the solution and solving for &2, we have
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69 = Vg X 8z + Vet X 8rnd Ve + Vo
where
V=W x W/ e, L+ 0.1
Om =P80, + P4,
Here @, and ®; are the volume fractions of the solvent and precipitant in the solvent; &, and &5 are the
solubility parameters of the solvent and precipitant; ¥, % ¥ - molar volumes of the solvent and precipitant.
Thereby, the values &5 n d2° can be determined from the experiment and, using the extrapolation method of

reducing to the same temperature, we can compare them.

We have investigated industrial polymer samples, which were subjected to additional purification by
reprecipitation of the wt% solution in an appropriate solvent in the precipitant - standard, with a solvent-precipitant
relationship of 1:10.

As sorbates, solvents, and precipitators organic liquids of various chemical structures were used, the
qualification was C.P.

Studies using the IGC method were performed on a Tsvet-100 gas chromatograph with a flame ionization
detector. Nitrogen was used as carrier gas. A solid carrier was a silanized carrier Chromaton N-AW-DMCS with a
particle diameter of 0,20-0,25 mm.

The nozzle was prepared by evaporation method. The solvents were: in the case of EPR — carbon
tetrachloride, in the case of chlorocarboxylated LDPE (CCPE), chlorinated LDPE (CPE), PVC and PU — tetrahydrofuran.
The percentage of stationary phase in the nozzle was determined by sequential weighing after 1 week of polymer
extraction in a Soxhlet extractor. We used stainless steel columns with a length of 1,0 m, which were filled with
nozzles containing polymers 10+12 wt%.

Characteristics of the columns are presented in Table 6.

Table 6: Characteristics of the columns

Nozzle weight in the | Polymer content in the nozzle, Polymer mass in the
Polymer
column, g % column, g
CCPE 5,750 10,0 0,575
CPE 4,520 10,1 0,558
PVC 5,750 10,3 0,592
PU 6,300 10,0 0,630
EPR 4,802 10,7 0,514

The experiments were carried out at 353, 373, 393 K, which is higher than the glass transition temperature of
all polymers. The sorbate sample volume was 0,02-0,5 pl. The value of the retention time (& interaction) was
determined by gaseous methane.

Equilibrium values of retention volumes were obtained by extrapolation to zero flow rate of the gas-carrier.

For the solubility parameter of polymers, solutions with a concentration of 0,05 g/dl were prepared by the TT
method. A precipitant was slowly added to the 15 ml polymer solution while stirring.

The change in the optical density of the solution was recorded on a photoelectric colorimeter FEC-M, after
which the precipitator concentration corresponding to the beginning of the precipitation polymerization (turbidity
point) was determined by extrapolation to zero optical density. For the titration of polymer solutions at 298 K, two
different precipitants were used — one with a higher solubility parameter and the other with a lower solubility
parameter.

Predictably, polar and non-polar chlorine derivatives of hydrocarbons turned out to be good solvents for CPE
and CCPE.

Polar chlorinated hydrocarbon derivatives and ketones turned out to be good solvents for PU, and non-polar
compounds for EPR. Notably, for all the polymers studied, tetrahydrofuran and chloroform proved to be good
solvents at temperatures of 353 - 393 K. It is known [ 2-19] that halogen atoms (or oxygen) activate a hydrogen atom
and it becomes capable of forming hydrogen bonds, which are poorly realized between homogeneous molecules,
what makes such compounds universal solvents of polymers. The small size of the molecules, which facilitates
diffusion into the mass of the polymer is favorable for this.

After processing, the obtained values of §2/RT — 7/V, and 44 for different classes of sorbates (saturated

hydrocarbons, chlorine-containing hydrocarbons, ketones, alcohols, etc.) were smoothed over the aggregate data set
of the straight line ¥ = A + BX, after which were calculated &3° and the mean square error &Z. The results are
summarized in Table 7.

Table 7: The solubility parameters of polymers Eg and 45

Polymer ‘ &8 5~ Experim. 298 K
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393 K 373K 353 K Calculation 298 K
CCPE 6,75 10,31 7,2640,49 7,7540,33 9,16+0,36 9,86+0,35
CPE 7,11+0,49 7,531+0,56 7,9310,44 9,06+0.50 9,91+0,35
PU 7,0610,57 7,5010,41 8,0510,65 9,4940,55 12,0740,35
EPR 7,11+0,15 7,36+0,57 7,5940,11 8,2540,28 8,5540,35
PVC 7,11+0,51 7,5240,56 7,91+0,98 9,14+0,42 9,89+0,35

The contribution of Zﬁﬂ’? ind/RT — ;_fﬂﬁ is different for a number of sorbates used, the value of which

also varies with temperature.

Therefore, by the criterion of the contribution ;{ﬂﬁ we selected for CCPE -7 sorbates, PU - 7 sorbates, CPE - 6
sorbates and EPR - 7 sorbates, which were used to calculate §z".

As can be seen, all §2° values are a decreasing function of temperature, which allows extrapolating the
obtained results to 469 K with sufficient confidence [11-14].

The obtained value 3" = 8.25 + 0,28 for the EPR was in fairly good agreement with 4z~ = 7.70 + 0,11
obtained by the IGC method considering the influence of the nature and composition of the polymer on its solubility
parameter.

It should be noted that the measurement error increases with an increase in the number of functional groups
in the macromolecule, reaching a maximum value for PU.

It is demonstrated that in all cases the &3 values obtained from the titration data in aliphatic solvents are
more widely scattered and consistently lower than the values obtained from the titration data in aromatic solvents.
Hildebrant showed that good agreement with experiment can also be obtained for hydrocarbons if we assume that
the values of their solubility parameters are 0,6 higher than those calculated from the evaporation energy.
Nevertheless, an amendment to &of about 0,3 was practically required. This creates uncertainties in the value of &£

for aliphatic solvents leading however to an error in determining &5 not more than + 0,35. This value of the error was

taken for all determinations of the solubility parameters of polymers by the method of TT.
The change in ,’_f‘:’l‘(,n., with the composition for the CCPE-CPE-PVC systems is shown in Fig. 1
23}

x:za) x‘TBJ
393K
o-373 K
20 x353K g0 |
10 1,04
CPE CCPE PVC CCPE
o 05 1,0 05 1.0

Fig. 1. The change in 2’::(231 with the composition for the CCPE-CPE-PVC systems

. - . . of
There is a definite trend to increase the difference between dJand &z denoted as 4 -5:“'3C as the number of

polar groups increases.
0o

z ’

Thus, if for a practically non-polar polymer - EPR the value ﬁmzﬁfits into the experimental error 44
then for CCPE and CPE, which contain highly polar chloromethylene groups, the halogen of which is able to activate a
hydrogen atom to form a hydrogen bond, the solubility parameters differ by an amount significantly higher than the

0 oo

instrumental error and A & = 0,7 — 0.8. In the event of a highly polar PU polymer having a large amount of

&

hydrogen bonds like NH...O, the difference in solubility parameters reaches a very large value ﬂ.ﬁg’r": = 2,58 (for
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example: in the form of a dimer, acetic acid has &, = 9,19, while in the form of a monomer, &, = 13,01). The
calculations are presented in Table 8.

Consequently, an experimental comparison of the values of solubility parameters of polymers, obtained by
two methods IGC and TT, characterized by an extremely opposite state of the polymer in relation to the solvent,
showed a significant difference in solubility parameters for polymers with strong specific interactions between
macromolecules, which requires attention when using the solubility parameter theory to predict the compatibility of
polymer pairs to the method by which the used value is obtained. It is apparent that for crystallizing polymers there

should also be a difference in solubility parameters.
Thus, having determined two values of the solubility parameter by the TT and IGC method, it can be said that
to predict the solubility parameter of such polymers as CCPE, CPE, PU, EPR and PVC, both of these values should be

used [8-14].
Table 8: Calculation of solubility parameters of polymers with each other at different temperatures
393 K 473K 353K
Substance
CCPE CPE PU EPR CCPE CPE PU EPR CCPE CPE PU EPR
Methanol 2,083 | 2,294 | 1,829 | 2,780 | 2,634 2,52 1,951 | 2,857 | 3,097 2,921 | 1,881 | 3,232
Etanol 2,057 2,225 | 2,038 | 2,291 | 2,272 2,311 1,462 | 2,333 | 2,892 2,644 | 1,734 | 2,712
Pentane 0,887 | 1,702 | 1,950 | 0,752 | 1,318 1,460 0,707 | 0,730 | 1,197 1,725 | 1,369 | 0,825
DEE 0,651 | 2,349 | 1,081 | 0,617 | 0,895 1,217 1,207 | 0,638 | 0,977 1,261 | 0,933 | 0,610
cpP 0,746 | 2,112 | 0,809 | 0,526 | 0,819 0,892 0,543 | 0,452 | 0,883 0,883 | 0,436 | 0,530
Acetone 1,321 0,250 | 1,155 | 1,778 | 1,509 1,261 1,093 | 1,274 | 1,501 1,342 | 1,046 | 1,276
Hexane 0,566 | 1,649 | 1,713 | 0,809 | 1,331 1,237 1,539 | 0,812 | 1,298 1,761 | 1,463 | 0,837
EDC 0,947 | 1,114 | 0,917 | 0,553 | 0,987 1,160 0,795 | 0,262 | 1,038 1,137 | 0,792 | 0,457
CCls 0,867 1,094 | 1,472 | 0,729 | 1,069 1,118 1,299 | 0,740 | 1,245 1,166 | 1,165 | 0,741
THF 0,647 | 0,923 | 0,949 | 0,543 | 0,678 0,754 0,829 | 0,522 | 0,756 0,725 | 0,709 | 0,362

With a view to examine the processing conditions of the compositions based on the studied polymers, work
was done to determine the influence of the mixing temperature on the physicomechanical properties of the
compositions: PVC+CCPE, TPU+PVC, BR+PVC+CCPE, TPU+PVC+CCPE+PPC.

The data obtained are shown in Tables 9, 10 and 11

Concerning question of reducing or raising the temperature, in the first case, along with a decrease in
temperature, which is considered to be a desirable element in terms of processing, there is also a decrease in
physical-mechanical parameters, moreover, the test film has an unattractive appearance, turbidity is observed and
there is an attachment of unmelted polymer particles. As the temperature increases, processes of destruction
develop, a reddening of the film is observed, which is explained by the formation of polyene segments in the PVC
macromolecule.

Thus, the processing interval for PVC modified by chlorocarboxylate polyethylene should be considered as
the temperature range between 416-423 K.

Reducing the concentration of the modifier leads to the loss of a number of valuable properties of modified
PVC. The decrease in elasticity is observed and the incombustibility is lost. A preliminary assessment of the PVC film
prototypes on resistance to aggressive effects (sulfuric acid, hydrochloric acid), as well as a number of solvents
indicates the favorable impact of the introduction of CCPE+PVC.

Table 9: Physical-mechanical properties of the developed composition based on PVC

Onset
nse Breaking Relative Residual Tear resistance,
. temperature, . .
Composition strength, elongation, elongation,
K MPa % % MPa
Original PVC 431 16,7 10,0 4,0 4,3
PVC+CCPE 463 18,7 20,0 12 5,9

Table 10: Physical-mechanical properties of composition based on PU

Relative el ti
Item No. | Composition | Weight fraction Breaking strength, MPa cye ative elongation,
0
1 PU 87 18 230
' PVC 10 - -
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PPC 3 - -
PU 93 20 280

2. PVC 5 - -
PPC 2 - -

3. PU 100 17 150

Table 11: Physical-mechanical characteristics of the developed compositions based on polyurethane (PU)

System, the ratio of components, weight fraction

Parameter name PU+PVC+ CCPE PU+PVC+ CCPE PU+PVC+ CCPE
80:10:10 70:10:20 90:6:4
Tensile strength, MPa
42 38 36
(kgf/cm?)
Relative elongation, % 90 100 120
Combustibility burns burns fades away
Breaking temperature, K | 523 533 543
Conclusions

Thus, from the conducted study of the compatibility of polymers in various systems of thermodynamic,
chemical and other features we can point to the conclusion:

a) compositions based on TPU and PVC are used for the manufacture of molded tires, centralizers on the
casing strings, pneumatic rings for pneumatic radiators, etc.;

b) compositions based on BR+PE+PVC+EPR+CCPE are recommended for production a nuclear (magnetic)
logging probe, a tiering surface for grain cleaning machines, elevator buckets.
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