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This work examines the optical properties and surface morphologies of polyethylene (PE), polypropylene (PP), and polyvinyl chloride
(PVC) films using infrared (IR) spectroscopy. IR spectroscopy could identify absorption lines attributed to various functional groups and
those associated with lower-density linear polyethylene. The specific characteristics of IR spectra for linear low-density polyethylene were
influenced by polymer processing conditions, branching, and monomer content. Moreover, the IR spectrum of PVC showed valuable
information about its molecular structure and composition. Comparatively, polypropylene (PP) films exhibited higher absolute light
transmission in the ultraviolet and visible spectrum when contrasted with films based on PE and PVC. The results of atomic force microscopy
(AFM) and IR spectroscopy revealed that heat-induced decomposition and subsequent cooling did not impact the surface roughness or

thickness of the films, confirming the retention of structural and electrophysical properties.
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INTRODUCTION

Due to the wide use of polymer films in various
industries, their production volumes are increasing every
year. The main requirements for polymer films during
production are physical properties (especially strain
strength), light resistance (optical properties), heat resistance
(thermal properties), high stability, and environmental safety
[1]. These properties of polymeric materials depend not only
on the technological processes of their production, but also
on the molecular structure and low molecular weight
structure of polymeric materials, electrical and physical
processes, their service life, and their physicochemical
composition, which is determined under the influence of the
atmosphere [2].
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Therefore, the study of the properties that determine the
optimal order of operation of polymer films, the period that
guarantees the suitability of polymer materials for practical
use to select the types of their modification, is an important
subject [3].

The novelty of this work is due to several key aspects:
First, we determined the operational longevity of domestic
plastic films, encompassing polyethylene, polypropylene,
and polyvinyl chloride, while considering their distinctive
properties. In addition, by subjecting these films to
stretching, we unveiled their enhanced flexibility due to
structural alterations, where the extent of stretching and
breaking correlates with their light-modifying effects.
Specifically, our study showed that polypropylene (PP) films
allow greater sunlight transmission compared to the
counterparts made of polyethylene (PE) or polyvinyl chloride
(PVC). Employing a specialized method, we investigated
film structure and discerned that heating and subsequent
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cooling have negligible impact on thickness and surface
characteristics, reaffirming their robustness. Due to the
strength of the chemical structure of polymer films and the
fact that they are destroyed very slowly in natural conditions
over several decades, its disposal after a period of use is very
important. In this case, it is necessary to study the strength,
optical, thermal, and special properties of polymer films for
modified polymer composites, which are actively used in
practice.

THE LEVEL OF KNOWLEDGE OF THE
PROBLEM

In many countries of the world, scientific research works
are carried out at an accelerated pace to obtain flat thin-film
polymeric materials with different surface structures to study
their physicochemical properties and their practical use.

In many of the published articles, the mechanical strength
of mainly thin-layer materials is devoted to determining their
physical properties through research using a disconnecting
machine. For the development of radiostructural analysis of
decay and orientational crystallization in the deformation
stretching of lamellar layers of polyethylene film, A. Keller,
S.Ya. Frenkel, Y. Podvigalkin, A.A. Tager, L.I. Perepechko
and a number of scientific schools have made significant
contributions [4-5].

In the development of this direction in Uzbekistan, S.Sh.
Rashidova, S.S. N.R. Ashurov, A.A.
Kholmuminov and other experienced scientists made a great

Negmatov,

contribution with their research [6-7]. They studied the
physical and mechanical properties, heat and fire resistance,
and other properties of polymer films with special physical
and chemical properties. Prior to these studies, there were
scientific research works in the literature related to the
development of technical conditions for the control of
reversible and irreversible deformation changes in thin-layer
polymeric materials, control of deformation changes in
polymer films by the polarization-optical method, practical
use of films and determining their resistance to external
mechanical influences [8]. Currently, polymer films are used
food,
pharmaceuticals, plastic packaging systems, construction,

in agriculture, industrial technology, medicine,
household, and as components of various products such as

furniture or electronics, lamination of cardboard and other
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materials, composites and many other areas. Hence, the study
of their physical and operational properties and the search for
optimal solutions is one of the most important and urgent
tasks [9].

OBJECTS AND METHODS OF RESEARCH

Polyethylene Film (PE)

A thin transparent film was chosen based on polyethylene
produced by the Shurtan Gas Chemical Combine grade F-Y
240. It is known that polyethylene is a relatively simple high-
molecular compound with a monomer link:

[_CHZ - CHZ]n

The mass of the monomer link is M, = 28, which is
much less than that of other polymers. The molecular chain
of polyethylene defines its resistant to chemical and
environmental influences, for example, it does not melt at
temperatures below 80 °C. But under external physical
influences, it is very plastic, easily subjected to structural
changes. It exists in highly crystalline and amorphous states.
Lamells, fibrils, folded and straightened chains can form
crystalline structures.

Depending on the brand of polyethylene, it can vitrify at
a temperature of about 70 °C, and convert to a liquid state in
the range of 105-150 °C. Its density is p = 0.90-0.96 g cm™,
and the degree of crystallization is in the range Cr = 10-70%,
A film with C.r < 15% can be considered amorphous.

The film obtained on the basis of this polyethylene was
thin and transparent, its density was p = 0.92 g cm™ and
refractive index was n = 1,34. Plenkaning kalinliga was
d = 25-30 microns atrophida. It could exhibit mechanical and
optical anisotropy when stretched in length and width. Such
an anisotropic effect is of a complex nature and can be
detected and controlled during research using special
mechano-optical methods.

Polypropylene film (PP). Depending on the grade of
polypropylene, thin film based
polypropylene produced by Uz-Kor Gas Chemical with a
density of p = 0.9-0.91 g cm™ and grade FC-150B was
chosen. It

polypropylene
compound with a monomer unit shown below:

a transparent on

is known that the chemical formula of

indicate on a high molecular weight
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[—C3Hg — C3Hg —1y

Polypropylene film is one of the modern packaging
materials that makes it possible to achieve water resistance
and safety of other materials. This material is used in the food
industry for the production of various packaging products
[10].

Polypropylene film is chemically resistant to high and
low temperatures from -80 °C to +170 °C.

Polyvinylchloride film (PVC). A thin transparent film
based PVC-S-6346-M
polyvinylchloride, 50-250 microns thick and 125-150 g cm™3

produced by Navoiazot on

density was chosen. Chemical formula of polyvinyl chloride:
[-CH, — CHCI -],

Polyvinyl chloride film is elastic, highly translucent,
usable in humid conditions, resistant to mechanical stress,
stable under temperature changes, and it withstands
temperatures down to -15 °C. The addition of plasticizers
increases the frost resistance of PVC fil. It is reliable in
contact with chemicals such as non-aggressive acids, oils,
hydroxides, and minerals, cutting, forming, gluing, welding,
and it is fire-resistant (PVC film does not burn at sufficiently
high temperatures, but simply melts).

Polarization-optical method. In the manufacturring
process of polymer film samples, based on the possibilities
of polarization-optical control of deformation changes under
thermomechanical action, it was taken into account that the
film width should be practically equal to the diameter of the
microscope objective (0,5 cm). In accordance with this, the
samples for research were prepared by cutting along the
width, height and diagonal of the film, in the form of films
with a width x = 0,5 ¢m, as shown in Fig. 1.

The section is drawn along the dotted line. In this case,
the A4 film was first cut into 4 equal quadrilaterals (stage 1).
Then each was cut in different directions (stage 2). A cut in
such directions makes it possible to determine the variation
of resistance to mechanical deformation by stretching along
the length and width of the film, as well as its diagonals.

When cutting such samples, the film should not be
subjected to serious deformation changes. Even a slight
deformation can cause the appearance of polarization-optical
effects in the film. Polymer films are heat-sensitive materials.
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Fig. 1. Polymer film cutting drawing and sample preparation.

Usually, at temperatures above 70 °C, it passes into a glassy
state, and from 110 °C, the crystalline structure is destroyed
and begins to melt. It is very important to consider the impact
on the environment, because under normal air conditions, i.e.
in an oxygen environment, along with thermochemical
destruction, polyethylene melts. Heated oxygen causes
chemical changes and decomposition of the film.

Therefore, it is necessary to carry out an experiment in an
oxygen-free environment in order to realize the process of
manifestation of only thermal changes in the film. To do this,
heat treatment was carried out by a special method that
almost completely excludes the presence of oxygen. This was
done by tightly wrapping the cut samples in aluminum foil.

The samples were kept at 20 °C, 35 °C, 50 °C, 65 °C, and
80 °C for 30 min. Then, they cooled at room temperature for
60 min. After that, the foils were opened and the samples
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were gradually removed without damage.

The implementation of mechanical deformation due to
external physical forces requires the use of direct
dynamometric methods. In this paper, we first considered the
deformation changes in the objects of study, analyzing the
general scheme of the dynamometric method (Fig. 2).

The physical changes due to mechanical deformation and
stretching of the film (3), which depend on the speed of
rotation of the matovilon of the drum (4), were measured
depending on time (¢) on a scale of 5.

This measures how much the film is stretched. However,
the force (F) used to implement such a change is determined
by the stretching of the sample in time due to stress o= F /
S, which is the change in deformation 4/ = /; - [,. The change
in deformation is measured by the width (4/,) and length (4/;)
of the film, and the mechanical anisotropy A, = 4, = Al/Al,,
is determined from their ratio.

)

2

1- Dynamometer;
3 2,2'- Connecting thread-cables;
3- Film sample;
s 4- Drum engine;

5- Measuring scale

2’

Fig. 2. General scheme of the dynamometric method for
studying the mechanical deformation of a polymer film.

The fact that the elementary unit, segment, and molecular
chain of a polymer have specific optical anisotropy means
that the materials based on this polymer show optical
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anisotropy. This anisotropy largely depends on the
conformational state of the molecular chain, and its
maximum value is observed when the chain is straightened.
Such an observation can be made directly on polymer films
by the birefringence method. It is necessary to take into
account temperature and external mechanical action, since
molecular chains are easily deformed under such external
influences; the optical anisotropy is changed as a result of
conformational changes [11].

A specially assembled polarization-optical device for
carrying out such studies to obtain the changes in optical
anisotropies is shown in Fig. 3. In this case, a film of
thickness (d) is placed vertically on a liquid-glass thermostat
(T), the temperature of which is controlled by a thermometer
(T), and polarized light with a wavelength 4 ~0,56 nm and a
direction angle ¢; ~45° is directed perpendicular to it.

This beam is formed using a light source (L), a condenser
(K) and a polarizer (R). For example, light passing through a
fiber is deflected by an angle ¢, depending on the degree of
orientational ordering of molecular chains and is measured

by the analyzer limb (A) of a polarizing microscope (PM).

L-monochromatic
light

K-capacitor

R-polaroid

Poosocoosocoose

polarizer

Tec-thermostat

A-analyzer
PMC-polarizing

microscope

Fig. 3. Drawing of a special polarizing optical device.

Here (@; — @) is the difference between the polarization
angles of ordinary and extraordinary rays. Based on this, the
refractive index of the double beam (d,) is calculated as
follows:
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An ~A (@1 - ¢J2)/180 d

The orientation factor (f) of polymer molecules is
determined by the following relation

B~ (An/An,)"”?

In above formula, 4n, is the initial birefringence of the
polymer molecules in a solvent-free medium. It is also
possible to record an anisotropic image of the material using
a digital camera (F).

The polarization optical system of this instrument allows
one to carry out studies by directly measuring the magnitude
of birefringence in a medium without a solvent or with a
solvent at various temperatures. Anisotropic effects are
observed using a polarizing microscope [12].

Its value is defined as the effect of birefringence (An). In
this case, when a monochromatic beam with a certain
wavelength (1) is transmitted through a material with a small
thickness (d), in the range of micro and less, ordinary (¢,)
and extraordinary (¢;) beams are observed with a difference
Ap = @, - @1, and they are measured with a special limb
instrument and calculated using the following formula:

An = JA@/180d

The ratio of the value of this parameter obtained from
measurements (An) to the maximum value of birefringence
calculated semiempirically (An.) gives the orientation
coefficient of macromolecules (f):

B = (An/An)’

The value of An for a number of polymer solutions was
determined by the Peterlin formula.

Ang, =~ 2m(n? + 2)?2 9n)7! (a; — a,)N’

N,C
/My
and C is concentration. In the solid phase, density (p) is used

instead of C.
In the general case, An/Anw, that is the orientation factor

where n is the refractive index of the solution; N’ =

05
B= [AATn , allows us to analyze the morphological
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description of the supramolecular structure of polymers
based on the control of changes in their optical anisotropy
using the birefringence method [13].

Single-layer polyethylene (PE), polyvinyl chloride
(PVC) and polypropylene (PP) films with different in-plane
thicknesses were selected for this research. The samples had
a length of 5 cm, a width of 1 cm and a thickness of
(10-400) pm, and their structural appearance was first studied
using a polarizing optical microscope (POM).

The polymer films were transparent. The measurements
showed that the thickness was 50 pm (measurement error
+ 2 um) and the difference between polarized optical beams,
which were normal (¢,) and abnormal (¢;) rays, was
Ap = @, - @1 = 2° (measurement error = 0,01°).

The device consisted of mechanical and optical parts, and
in the mechanical part, the sample wasis uniformly pulled
from the end of the film in the vertical direction and deformed
to break. In the optical section, polarization-polarized light
crossed the sample film in a perpendicular direction, that was
in the horizontal direction. Using a polarizing microscope,
optical anisotropic effects in the film and the birefringence
index were measured (Fig. 4). One end of the sample - thin

1- Thin sample of

material;

2- Polarizer;

3- Analyzer;

4- Eyepiece;

5- Adjustment
knob;

6- D (electronic
scale);

7- Reel drum,;

8- Electric motor;
9- Scale
(micromillimeter);
10,11- Cable
(with clamp)

Fig. 4. Specially assembled "mechano-optical" device (a) and
a schematic drawing of deformation changes in it (b).
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film material (1) was clamped on the rope (10) of electronic
scales (6) used as a dynamometer in the mechanical part, and
a thin rope (11), which is tensioned due to the rotation of the
balance. drum-reel (7) was pressed to the other end.

Initially in state A, there was no mechanical stress at the
ends of the film (o; = o, = 0), and its length (1), width (1)
and thickness (d), total characteristic surface S; =1, -d,
volume V; and mass m; did not change.

Then, in case B, the drum-reel rotated with the same
frequency (V) and the condition 0; < g, # 0 was satisfied,
the film began to stretch along the length of the dynamometer
towards the drum-reel, and the parallelepiped-shaped (A)
shape turned into a conical (B) shape and became thinner as
it was continuously stretched. When the length of the conical
film (1,) reached the critical value l; = [, the conditions
[, >0 uw d—>0 were met and the film broke. The
characteristic S; rectangular surface, due to the change in

. . d\?
deformation, turned into a round surface S, = © (5) ,

During deformation stretching, the mass m; of the film
did not change, but the sample size (V;) decreased due to the
deformation-orientational ordering and densification of
structural elements.

In the optical part, the film sample (1) was placed
perpendicular to the polarized monochromatic light between
the polarizer (2) and the analyzer (3). The wavelength of light
was [ = 560 nm; it was separated by a ZhZ-6 filter and passed
through a polaroid, a sample, a lens, an analyzer and an
eyepiece (4) into one line, transforming into a parallel lens
beam. Light was polarized in a polaroid, which was divided
into ordinary and extraordinary rays.

A normal beam was bent through a certain angle ¢; due
to deformational stretching of the sample (a change in the
shape and arrangement of its constituent elements), which
was visually observed through the eyepiece as an optical
anisotropic effect [14]. The analyzer was equipped with a
special conical dial to measure the differences between
ordinary and unusual rays, that was between the optical
"black" background (¢,) and the "bright" area (¢;) in the
center, the optical anisotropy (Ag), as well as the film
thickness (d) using a microscale in the eyepiece.

According to the formula for determining the
birefringence index An,, = AA@/180°d) used above, the
birefringence index of the sample film in the initial state was
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Any = AAp,/180°d,, and its amount with a change in
deformation was taken as An; = AA@;/180°d; and the
orientation coefficient (f), anisotropic characteristics, was
determined by their ratio:

ﬁ _ [Ani—Ano]Os

ATli
In this sense, this "mechano-optical" device was
assembled on the basis of standard "cutting machines" and
Therefore, the
measurement values of the "mechano-optical" device were

their general principle of operation.
calibrated according to the results obtained on standard
cutting machines. During deformation stretching of the
samples along the “length” and “width”, the values of “tensile
strength” (o7, MPa and o, MPa) and relative elongation
indices (&, % and &, %) were determined.

Oy = Fr/AO

erz%”-mO%

In above formulations, F,. — is the tensile stress at break, N;
A, — is the initial cross section of the sample, mm?; Al,, is
sample length change at break, mm; [, is the initial length of
the sample, mm. The unit of strength is N/mm?, taken as MPa
for the SI system.The experiments were carried out on thin
polymer films of three different (w) modes and different
thicknesses (d), in the longitudinal and transverse directions,
at a rotational speed of the drum-motor of the mechano-
optical device w = 1 cm/s. [15].

Method of atomic force microscopy (AFM). Atomic
force microscopy (AFM) is one of the analytical methods
used to measure differences in the height and width of
materials in the nanoscale range. Atomic force microscopy is
an amazing method that allows us to see and measure the
surface structure of a sample with high resolution and
accuracy. It is also an excellent tool for analyzing the phase
morphology of microphase-separated block copolymer
systems or other nanoscale products. Many examples require
an individual approach to apply the ACM method. The
sample must be immobilized on a flat substrate. Since the
maximum scanning height is approximately 10 um, it is
necessary that the sample be flat within the scanned area [16].
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Using AFM, one can study the surface (morphological)
properties of micro- and nanostructured materials with a size
of almost 1A (angestrom) and make their adequate
assessment.

Van der Waals interactions or electrostatic attraction
(repulsion) are measured in AFM, where a probe called a
cantilever is a thin needle fixed vertically to a thin elastic
light.

Simply put, the method is based on registration of the
attraction or repulsion of sample and probe atoms. The laser
beam is directed to the end of the beam carrying the console,
is reflected from the surface and enters the center of the
recording device, divided into four sectors. Depending on the
change in the force of interaction between the console and the
surface, the beam carrying the probe bends, the laser beam
deviates from the central position and becomes one of the
sectors of the detector. The feedback system changes the
position of the console, returning it (and the laser) to the
“zero” center position [17].

Thus, by registering the offset of the cantilever required
to return the laser to the “zero” point, the topology of the
system surface is measured.

To determine the morphological characteristics of
polymer films, studies were carried out using Agilent 5500
atomic force microscopy [18].

Infrared (IR)-spectroscopic method of analysis.
Infrared spectroscopy (IR spectroscopy), along with
combined scattering spectroscopy (CSR), makes it possible
to determine the chemical composition of objects. The
penetration depth depends on the absorption coefficient of
the material under study and is about 1 pm for high molecular
weight solids. It allows one to determine the optical
characteristics, thickness, and surface morphology of thin
films.

By comparing the IR spectrum of an unknown substance
with the spectrum of a known substance in the obtained IR
spectrum images, one can prove their similarity. If the spectra
do not match, but many of the properties of both substances
are close to each other, then it is clear that this new substance
is not sufficiently purified [19].

Thus, IR spectroscopy also makes it possible to determine
the degree of purity of substances. Which groups are present
in the molecule of an unknown substance, or which bonds are
formed (or lost) in the molecule as a result of the reaction, is
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determined by observing the absorption maximum of these
bonds in the IR spectrum. In addition, using IR spectra, one
can obtain information not only about a particular group, but
also about its side groups. The maximum of a given group
varies slightly depending on which atoms and groups
surround it [20].

IR spectroscopy is used for the qualitative and
quantitative study of reversible organic reactions. To do this,
the absorption intensity in the spectrum is compared with the
absorption intensity of the individual components. Using IR
spectroscopy, one can draw a conclusion about the
configuration and conformation of the molecule.

RESULTS AND DISCUSSION

Films based on polyethylene (PE), polypropylene (PP),
and polyvinyl chloride (PVC) prepared at a temperature of
(180 £ 10) °C and a pressure of (1-2) 10° Pa. Physical and
mechanical properties of these polymer films are presented
in Table 1.

The dependence of mechanical and optical properties
upon deformation of polymer films largely depends on the
conformational and configurational state of the molecular
chain of the polymer, and its maximum value is observed
when the chain is straightened. Such an observation can be
made directly on polymer films by the birefringence method.
It is necessary to take into account temperature and external
mechanical action, since molecular chains are -easily
deformed under such external influences; they change their
of
conformational changes [21]. For experimental studies, film

optical properties-optical anisotropy as a result
samples were cut out with a width /> = 1 cm and a length of
7 cm.

These samples were attached to the grips of the mechano-
optical device at a distance of 1 cm from the ends, while
making sure that the deformation-tensile working part of the
sample film was I; = 5 cm.

The values of tensile strength (o7, MPa and oy, MPa) and
relative elongation indices (&, % and &, %) were determined
under strain of samples along the length and width. For this,

the following formulas were used:

O = Fr/AO
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Breaking stress

Elongation at break

Elastic modulus

No Sample designation
o (MPa) e (%) E (MPa)
PE (Shurtan GCC) 141+25 743 £73 95+ 11
2 PP (Uz-Kor Gas Chemical) 35.17+0.25 870.55 +40.25 943.00 +33.16
3 PVC (Navoiazot) 32.79+1.78 183.47 £24.36 253.04 +£36.27

Table 2. Tensile Strain Indices for Polymer Films

Film tear rates

Sample d With longitudinal stretch With transverse stretch

(um) o (Mpa) & (%) B kMPa) &.(%)  p Am Ao
PE (Shurtan GCC) 200 14 552 0.74 11 557 0.65 1.27 1.14
PE (Uz-Kor Gas 100 32 41 081 23 308 061 139 133
Chemical)
PVC (Navoiazot) 50 34 302 0.91 25 221 0.49 1.36 1.86

Aly,
Lo

-100%

& =

where E. is the tensile stress at break, N; A is the initial cross

section of the sample, mm?; Al,, is the sample length change

at the moment of fracture, mm; [, is the initial length of the
sample, mm.

The mechanical anisotropy A,,

Bi

Bw
The results are presented in Table 2.

L and the optical
Ow

anisotropy A, of the samples were also determined.

A comparative analysis of the results showed that the
values of the ultimate strength and the relative elongation in
tension of the film samples along the length and width were
close to each other, and the mechanical and optical
anisotropies were in the range of 1.27-1.86. It was observed
that when the samples were deformed, they changed from a
parallelepiped to a conical (prism) shape, exhibiting
anisotropic effects due to the deformation-orientational
ordering of the macromolecules.

In films, the orientation factor () is proportional to the
relative strain elongation (g); the optical anisotropy
by the

p = ke Because of the film deformation, the lamellar

is expressed linear dependence
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supramolecular structure is deformed and passes into a highly
elastic state, and it has been found that the critical parameters
of rupture and relative elongation depend proportionally on
optical anisotropic effects. Thus, it has been established that
under symmetrical stretching of a thin-film tape, depending
on the stretching stress, the elements of the tape structure
undergo a strong deformation change, delamination, and
destruction, and these processes proceed synchronously
depending on the optical anisotropy. The relation function of
the orientation factor (B) with relative strain (&) by optical
anisotropy is plotted as f = k;e = 0001e for segmental
B = kye = 0004¢
displacements. In a large relative elongation field £> 430 %,

changes  and for  molecular
optical anisotropic effects of different colors turn white and
break the films.

These anisotropic effects indicate the isotropy of these
films, since the indices are almost uniform along the length
and width of the sample.

Bending, twisting and stretching of internal bonds in a
polymer film molecule mainly consists of three characteristic
sections. The I-characteristic region has a linear form and
corresponds to Hooke's law, that is, the stress-strain is
linearly proportional. In this case, the internal bonds in the

polymer molecule are bent, twisted and stretched, but the
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macromolecules do not move relative to each other. Such
changes are fast and reversible processes, and the
deformation is elastic. On the whole, it was obtained that in
the I-region, Young's modulus of elasticity was
approximately equal to E ~20 MPa.

In the II-descriptive region, there is a deviation from the
linear relationship, and this point is also called the
proportional limit. In this part, deformation occurs with
spreading and straightening of folded macromolecules. In
this case, the macromolecules do not move relative to each
other, and the deformation change is reversible and occurs
relatively slowly.

Within the ITI-descriptive area, fluidity occurs, that is, the
deformation change is carried out by the layer-by-layer
movement of macromolecules relative to each other, the
process is irreversible, and the achieved deformation changes
are preserved (Fig. 5).

In our next work, the spectral transmission characteristics
of polymer films were obtained in the form of a dependence
of the transmittance (t) on the wavelength (1) after irradiation
with a mercury lamp with duration (t) = 5, 10, 15, 25 and
40 h. The values of the transmittance (t) for the polymer films
studied by the polarization-optical method were A = 350 and
430 nm (in the ultraviolet and visible regions of the spectrum,
respectively) and the magnitude of the absolute change in the
transmittance after exposure to radiation (t) = 10 and 40 h
was determined (shown in Table 3).

This table shows that the film based on polypropylene
(PP) had a higher absolute light transmission compared to
films based on polyethylene (PE) and polyvinyl chloride
(PVC) in the ultraviolet and visible spectral regions. For all
polymer films, after a time (t) = 10 and 40 hours, the
transmittance (t) decreased significantly in the ultraviolet
region of the spectrum for a film based on polyvinyl chloride
(PVO).

The spectral characteristics of light absorption in polymer
films (D) were measured as a function of optical density A
(Fig. 6).
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Fig. 5. Dependences of the orientation factor () on the
relative strain (g) for a polyethylene film.
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Fig. 6. Schematic representation of light transmission
through a polymer film sample.

Table 3. Values of the Electrical Conductivity of Polymer Films after (t) = 10 and 40 h

T (%) » (nm) T (%) t=10h (%) t=40h
Polymer fil

Olymet Hims 350 430 350 430 350 430
PE (Shurtan GCC) 62 76 2 0 8 2
PP (Uz-Kor Gas
Chemical) 8 84 > 0 ) )
PVC (Navoiazot) 78 80 12 | 2 3
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They are related to the function D = f(A), and

it i of

D=lg IL Here Iy and I are the intensity of the light rays
0

we express n terms

incident on the polymer film and passing through it,
respectively.

Based on the Bugert-Lambert-Beer law [ = [,e %%,
where the optical density is D = kjy, we obtained that they
were related.

In the ultraviolet and visible regions of the spectrum
(Fig. 7), after t = 10 and 40 h, these values were found: for
polyethylene Dpp = 2.8, for polypropylene Dpp =2.0, and
for the films based on polyvinyl chloride Dpx =0.96.

Thus, we obtained that mechanical deformation changes
in thin films based on polyethylene (PE), polypropylene (PP),
and polyvinyl chloride (PVC) were dependent internally on
the polarization-optical properties of these materials.

Surface Structure and Morphological Characteristics
of Polymer Films. The properties of films consisting of
polymeric macromolecules of the same chemical structure
can vary greatly. This difference in properties is largely due
to the arrangement of macromolecules in them. Due to the
forces of intermolecular interaction in the processes of film
formation, not only individual molecules are located relative
to each other, but also various supramolecular structures can
arise in the form of aggregates of macromolecules.

The concepts of supramolecular structures are based on
the results of studies that make it possible to establish the
presence of domains of different levels of order in the bulk of
the polymer. In order to reveal the features of the influence
of high temperatures on the supramolecular structure, a
studies study the
supramolecular structure of submicron films induced by

number of were carried out to
thermal heating at temperatures close to the temperature of
polymer decomposition.

A large number of measurements showed that heating
film samples in air to a temperature of 350 °C and subsequent
cooling did not affect the surface roughness and did not
change the thickness of polymer films. The same structure
and electrical characteristics were preserved. It was found
that the temperature of the beginning of the decomposition of
the polyethylene film was 430 °C. Studying the thermal
decomposition of the film within 3-5 min showed that
the surface morphology of the polymer chains changed
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Fig. 7. Dependence of optical density on the wavelength of
light.

significantly, and this process could be obtained even with
the naked eye.

Such changes in the structure of PE, PP, and PVC films
upon heating in air indicate the effect of oxygen on the object
under study, which is in agreement with the literature data.
Figure 8 shows the AFM images of sections of polymer films
with traces of the effects of thermal oxidative degradation.

By reducing the scanning area, a clear image of the
structure formed on the surface of the film can be obtained.
The surface morphology was a granular structure with
structural elements 6-15 nm in size. As a control experiment,
the polymer film was fired at 500 °C in vacuum to
demonstrate the action of active oxygen. In this case, the film
thickness was not decreased and no granular structure was
observed, as in previous experiments. In this case, small
changes in surface roughness occurred and small cracks
appeared. This indicated the beginning of melting and
graphitization of polymer films.

Analysis of infrared spectra of polymer films. Infrared
spectroscopy (IR spectroscopy), along with combined

to
The
penetration depth depends on the absorption coefficient of

scattering spectroscopy (CSS), makes it possible

determine the chemical composition of objects.

the material under study and is about 1 pm for high molecular
weight solids. It allows one to determine the optical
characteristics, thickness, and surface morphology of thin
films.
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Fig. 8. AFM images of domestic (from left to right) polyethylene, polypropylene and polyvinyl chloride polymer films,

respectively.

In this research work, the absorption spectra in both
polymers of domestic PE and isotactic PP were studied by IR
spectroscopy [22].

IR spectra analyzes were performed for all samples in a
wide range of 500-4000 cm'. The structure of the resulting
polymer was analyzed by IR spectroscopy.

In infrared spectral images, regardless of the aggregate
state of the substance, each line characterizes the intensity of
the substance. The IR spectrum is the most convenient
modern option for identifying a substance.

It differs in its reliability from simple physical methods
such as measuring the melting point, measuring the refractive
index, measuring the density, which are used in the
identification of a substance. Also, when analyzing the IR
spectrum of each substance, it is necessary to take into
account which atom or group of atoms they contain and their
mutual deformation effect.

In particular, inductive and mesomeric effects affect
organic compounds within a molecule. Intermolecular and
intramolecular hydrogen bonds cause a shift in the spectral
lines of the bonds involved in this bond. Therefore, it is
necessary to consider these points in the analysis of the
spectra.

The results of the IR spectroscopic study was carried out
for PE (Fig. 9), showing absorption bands at 2930 and
2850 cm’!, corresponding to the asymmetric and symmetric
stretching vibrations of CH» groups. It was observed that the
deformations of the CH, groups at 1465 and 728 cm’!
corresponded to the oscillations of the pendulum.

The IR spectrum of PVC (Fig. 10) had a vibration

403

frequency and an absorption line at 2960, 2926 and
2857 cm’', which indicates that the CH; molecule
corresponds to the stretching vibration of the C—H molecule,
and 1429 and 961 cm™' correspond to deformations and
pendulum vibrations of -CH,— groups.

The absorption spectrum at 1118 cm! can be attributed to
the stretching vibration of the C-C group. As it is clear from
the IR spectra (Figs. 9 and 10), the IR spectra of polyethylene
(PE), obtained at the Shurtan Gas chemical complex, and
polyvinyl chloride (PVC) obtained at JSC Navoiazot were
significantly decreased. After absorption, the intensity of
vibrations of C (carbon) decreased in comparison to other
bands in the spectrum, which indicates the occurrence of a
reverse reaction. A high-intensity peak appeared at about
1500 cm! in polyethylene and 1800 cm™ in polyvinyl
chloride, which corresponded to the appearance of a new
vibration in the C—H bond system in the aromatic nucleus.

As a result of the thermomechanical action, there was a
decrease in the water content in the polymer composite
sample under consideration, which led to an overall increase
in the intensity of the spectrum in the low-frequency region
with a change in the peak ratios at 1500 and 1800 cm™,
responsible for the valence oscillations of the C-H bond.

IR spectra were obtained from the sample surface at the
same point before and after applying mechanical and thermal
loads to it. For a more detailed analysis of the presence of
conformational rearrangements of PVC, the separation of
peaks in the 1500-1800 cm™! region was carried out, focusing
on the minima of the second derivative, as shown in Fig. 10.
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CONCLUSION

The IR spectroscopy made it possible to draw more
detailed conclusion about the optical characteristics and
surface morphology of polyethylene (PE) and polyvinyl
chloride (PVC) films. In addition to the lower-density linear
polyethylene film absorption lines, there may be smaller
absorption lines due to other functional groups that may be
present as impurities in the polymer. The exact shape and
intensity of the IR spectrum of a linear low-density
polyethylene film could vary depending on the processing
conditions used to obtain the polymer, as well as the degree
of branching and monomer content. In general, the IR
spectrum of PVC could provide valuable information about
its molecular structure and composition. Compared to the
films based on polyethylene (PE) and polyvinyl chloride
(PVC) in the ultraviolet and visible region of the spectrum,
the film based on polypropylene (PP) had a higher absolute
light transmission.

The results of studying the supramolecular structure of
the films by AFM and IR showed that heating the film
samples in air to the decomposition temperature and
subsequent cooling did not affect the surface roughness and
did not change the film thickness; the same structural and
electrophysical characteristics were retained.
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