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Abstract: The physicochemical and structural aspects of the modification of polymeric materials and fillers, laser exposure to a given 
intensity. Installed effects transform the morphology of the surface layers of dispersed, semi-finished fiber and membrane to form nano-sized 
components with increased vigour. Modification of certain process parameters laser that achieve predetermined functional characteristics. 
It sets the parameters of the effect of a significant increase of strength characteristics of film semi-finished products made of thermoplastic 
(HDPE, LDPE, PP, PA, PET, PTFE), due to the formation of spherulitic supramolecular structures. The energy parameters of the surface 
layers of composites, subjected to modification of a short-pulse laser exposure. Installed effect forming electrets structures and nano-relief, 
providing suppression of unfavorable biochemical processes in the application of products in practice. The results of the use of materials 
and products subjected to laser modification, engineering and medical practice. 
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1. Introduction 
 
The use of laser radiation (LR) as a modifying factor in the 

structure and parameters of physical and mechanical properties of 
semi-finished metal and polymer materials treated with the middle 
of the last century [1-4]. In this area there has been significant 
progress in creating a variety of devices store information, 
antifriction materials, adhesives. However, in most publications, 
focuses on the process of structuring, ablation, changes in the 
optical characteristics, improving the parameters of physical and 
mechanical properties of polymeric and metallic materials [1; 3-10]. 

There is currently no established theory that uniquely 
describes the structural changes occurring in thin surface layers of 
semi-finished products of different structure, composition and 
production technology, under the action of laser radiation. It is 
obvious that this is largely due to various methodological terms of 
sample processing, differing pulse duration LEE, ego, energy, angle 
of incidence of the beam on the substrate LR, geometric parameters 
of the samples, and so on. D. Therefore, the available data in the 
literature are often not correlated c determine the effect of changing 
the topography of the surface layers of the treated samples, the 
parameters of the supramolecular structure, hardening et al. [1-11]. 

For example, in [3] the main factor change the supramolecular 
structure under the action we consider thermal degradation of 
particles of various impurities that are present in the polymer 
intermediates. In [6], the authors established that the formation of 
ordered structures in the volume of non-crystalline polymer sample 
under the influence of short-pulse radiation. A number of studies 
indicated a characteristic change in the surface topography of semi-
finished polymer exposed to LR, who is characterized by the 
formation of specific relief, geometrical parameters which depend 
on the processing conditions [3; 11; 14]. 

It is obvious that the effects of transformation of the structure 
and physico-mechanical characteristics of the polymer 
intermediates, due primarily change the energy state of the polymer 
molecules and the components included in the technical 
intermediates, m. K. Is known that, even with a relatively small 
power fluxes (with the point of view of industrial technology and 
engineering used in geometrical parameters of components), you 
can change the state of the polymer and oligomer macromolecules, 
resulting in structuring, degradation, ablation and supramolecular 
ordering [10-14]. This fact necessitates a systematic study of the 
mechanism of action of modifying LR polymeric semi-finished 
products of varying composition, structure and production 
technology, t. To. In connection with the intensive development of 

the technological base of this type of functional processing can be 
effectively used in the process of preparation of ingredients in the 
preparation of composite materials in order to increase their 
deformation and strength characteristics for surface activation in the 
form of semi-finished films and block blanks for coating and 
control tribological parameters for the formation of electrophysical 
state with a given relaxation time of polymer and composite 
products used in sealing, tribological systems and practices, and so 
on implantation etc. 

The specific advantages of the method of modifying the laser 
allow controlling radiation parameters (energy and pulse duration, 
wavelength) and the local impact on the surface of the product or 
semi-finished with minimal energy loss. In addition, the short 
duration of the pulse Lee and the ability to control the flow of 
geometric parameters determine the possibility for significant 
portions of energy in the local area semi without causing the 
formation of macroscopic defects caused by melting, destruction, 
burning, ablation, and others. Processes for traditional forms of 
technological energy impacts. 

The aim of this work was to evaluate the possibility of using 
short-pulse laser (s) to modify the semi-finished products from a 
variety of thermoplastic materials. 

 
2. Preconditions and means for resolving the 

problem 
 

 The theoretical calculations of the engine heat cycle were 
made for three For studies used semi-finished foil in a state of 
industrial supplies thickness of 120 to 200 microns, obtained by 
extrusion blow molding or extrusion through a flat head, 
polyethylene (HDPE), high density polyethylene (HDPE), 
polypropylene (PP), polyethylene terephthalate (PET ). Before 
processing LEE foil samples purified from mechanical impurities 
by treatment with ethyl alcohol. For modifying the samples of 
polymer materials used laser installation "Quantum-15" and the 
PRP-100N, generating laser light with a wavelength λ0 = 1,06 
microns, λ0 = 0,69342 microns  and a pulse duration of 1,2-2 ∙ 10-6 
sec. The number of pulses in the treatment ranged from 1 to 10. The 
substrates on which the samples were placed foil was used as the 
light-scattering (reflecting) and light-absorbing materials. The 
energy of a single pulse was 0,6-6 J. 

As a parameter for evaluating the charge state of a sample of 
the polymer material used values of thermally stimulated currents 
(TSC), resulting in a sample by heating it and change its size when 
exposed to external factors, in particular laser radiation. 
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The method of thermally stimulated depolarization (TSD) is to 
measure the thermally stimulated current electret sample. Heating 
the sample at a constant rate of 100 C/min to thermally fix current 
values at different temperatures were performed using an instrument 
ST-1. Device management and processing programs are designed 
ODO "MICROTESTMACHINES" (Gomel). 

Study of the morphology of the surface layers of film samples 
was carried out using an optical complex that includes a microscope 
and image processing software Autoscan Areas, and by atomic 
force microscopy (AFM Nanotop-3). Structural changes in the 
polymer matrix after exposure to laser radiation was evaluated by 
IR-ATR spectroscopy using the IR Fourier spectrometer Tensor 27. 

 
3. Results and discussion 
 
Compliance with the optimal parameters of supramolecular 

polymer matrices is very challenging [15], so most industrial 
plastics have sufficient variation is service characteristics due to, 
inter alia, differences in the structure and content of supramolecular 
structures in the bulk polymer matrix. For example, wear resistance 
of polytetrafluoroethylene, polyamide, and others. Quite polymeric 
materials depends substantially on the ratio of the ordered 
(crystalline) phase and disordered, which varies significantly even 
within the same batch of material depending on its processing 
process parameters - temperature, time of exposure, the time and 
intensity heat removal from making out the form elements, the heat 
treatment temperature of finished products and so on. n. Therefore, 
the most important task of practical polymeric materials science is - 
provide stable performance of service characteristics of industrial 
materials using relatively simple technological methods based on 
the management of processes of formation of the supramolecular 
structure of the energy flows of different nature and intensity . 

Of particular relevance in the manifestation of the operating 
parameters of the product polymer or composite material has a 
surface layer structure that defines and tribological, protective, 
fatigue and others. Characteristic. In this aspect of laser technology 
are particularly effective modification and prospects for practical 
application. 

The modification of the surface layers of polymer films 
(HDPE, LDPE, PP, PET) short-pulse ruby laser GORE-100N, 
operating in free-running mode with a pulse duration τ = 1,2 ms and 
with a wavelength λ = 0,69342 microns Characteristic changes in 
the structure, topography and structure of polymeric materials. 
Investigation of the physicochemical characteristics of the films 
indicates a significant impact on the density of irradiation 
parameters tensile strength and elongation (Figure 1). Hardening 
effect is especially significant for PET film which is in non-
crystalline state as a result of the technological features of 
preparation. Noteworthy nonmonotonic dependence            σt = f 
(P), which indicates the specific restructuring of the supramolecular 
structure of materials by laser radiation. 

 

 
Fig. 1 Dependence of tensile strength of the laser power density for 
samples of film of PET (1) LDPE (2) PP (3) 

 
IR spectroscopic studies confirm the fact of changing the 

structure of the investigated materials. The IR spectra of the 
samples irradiated LDPE LR, new absorption bands in the 600-800, 
1600-1750 cm-1 and the redistribution of the intensities of bands in 

the 1360 cm-1 which characterize the ratio of crystalline and 
noncrystalline phases. 

These assumptions are confirmed by the study of the 
morphology of the surface of the polymer samples subjected to laser 
irradiation of different capacities. With increasing doses there is a 
total increase in the number of characteristic fragments of the 
tapered surface of the sample is likely due to the recrystallization 
process under the action of the laser beam. Given that the input 
power is relatively small and the radiation does not exceed 3.5 W / 
cm2, and the processing time of 1.2 ms, it can be assumed that the 
process of degradation with deep entrainment noncrystalline 
component from the surface layer, such [10] does not occur and the 
change in elevation is due to the formation of local quasi-crystalline 
formations, due to changes in the energy state of macromolecules. 
This assumption is supported by the fact smooth relief in excess of 
the power density of 4.5 W / cm2, which is probably due to thermal 
destruction of the crystal irregularities on the mechanism of fusion. 
Dimensions formations on the surface of the irradiated films are in 
the range 30-40 nm and cross section 10-150 nm in height (Fig. 2). 
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Fig. 2 The characteristic surface morphology of the film sample of 
high-density polyethylene (LDPE) initial (a) and after a single 
exposure to laser radiation energy of 30 joules (b) and 2 J (c) 

 
Similar changes in the surface topography of film samples are 

observed during their processing laser source "Quantum-15" with a 
wavelength λ = 1,06 mm and pulse duration with 2 ∙ 10-6 sec. 

The typical form of PET films treated with different doses of 
LR, is shown in Fig. 3, 4. 

Attention is drawn to the fact of the active influence of the 
type of the substrate on which the treated samples, the 
characteristics of the topography. On the reflective substrate same 
dose if the caller significantly less change in the parameters of the 
surface topography (Fig. 2) than the light-absorbing (Fig. 3). 

This effect is probably due to the peculiarities of the processes 
of energy redistribution in a foil sample LR: reflective substrate 
leads to almost total reflection of the flow and efficiency of its 
influence on the process of structuring is substantially lower than 
the irradiation on the light-absorbing substrate. In the latter case, 
almost all the energy of the incident flux is redistributed between 
the macromolecules of the sample, causing a change in their spatial 
orientation. 

As shown in [6], the impact of LR can cause the formation of 
ordered ("quasicrystalline") areas, even in a sample of polymethyl 
methacrylate (PMMA). Moreover, the size of these areas are large 
enough and are determined by Wray structural analysis. It seems 
more reasonable representation of the authors of [5; 6] on the 
mechanism of ordering macromolecules in polymer matrices, based 
on the occurrence of acoustic waves under the influence of short-
pulse Lee. 

Controversial, and, in our opinion, is not proven hypothesis 
proposed in [3], according to which the supposed presence in the 
volume of semi-finished polymer significant number of 
contaminants ("dust" in the terminology of the authors) and low 
molecular weight products of synthesis. Obviously, if we assume 
that pollution is indeed present in large enough quantities in the 
polymer semi-finished products (which is doubtful, t. To. the 
modern synthesis technology require thorough cleaning of 
components in the reaction volume, because contamination can lead 
to a breach of polymerization reactions and the formation of 
polydisperse product), they are predominantly inorganic nature 
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(mostly silicate particles), and can not decompose to gaseous state, 
due to the "swelling" of the surface layer of the sample, due to its 
high temperature resistance, reaching values above 973 K [16]. 
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Fig. 3 The topography of the surface layer 3 of polyethylene 
terephthalate film (PET) of the original (a) and once treated with 
the laser beam voltage heater 500 (b) 600 (c), 700 (d), 800 (i) 900 
(f) . Field scanning 25×25 microns. Flocked substrate 

 
 

The content of significant amounts of low molecular weight 
fractions in industrial films also unlikely because modern 
production technologies based on the removal of these products at 
the various stages, as they may cause adverse effects on the 
composition of products, including edible products that are 
packaged in a semi-finished product of film.. 

Intensive energy impact on the foil samples causes not only a 
change in the spatial arrangement of macromolecules, but their 
energy state. Prerequisites for change in the energy state of the 
polymer sample by laser irradiation can be - the flow of localized 
degradation processes the most stressful parts of macromolecules to 
form makroradikalnyh products, the formation of traps charge 
carriers through the cleaning of the surface layers of samples from 
contamination and adsorbed gaseous and liquid phase product of the 
environment, the flow of the secondary processes of synthesis 
between components of the surface layer and the polymeric 
components of the sample (in Vol. h. makroradikalnymi with food) 
that may cause formation of polar groups (for example, −С=О, 
−ОН). 

Change in the energy state of the surface layer of polymer 
semis after Lee can be effectively used in the technology of 
composites during the deposition of functional layers on the semi-
finished product, when creating components tribosystems and a 
number of other practical applications. For example, it is known 
that the energy state of the filler particles leads to hardening of 
polymer composites due to the formation of the boundary layer 
quasicrystal [16; 17], and the management of its parameters is an 
effective way to improve the tribological parameters tribosystems 
(stents) [17] and sound passage [18]. 

Fig. 4 shows a typical dependence of the values of thermally 
stimulated currents I on the temperature of the unmodified 
polyethylene sample. TSC spectrum of the original polyethylene is 
characterized by three intense peaks in 17-55 ºC; 80-113 ºC; 195-

219 ºC. According to the data [17] in the polymeric electret charge 
pattern is formed by capturing structural carrier traps, localized 
areas of imperfections in the polymer structure and interfaces 
"polymer-metal particle." The presence of metal particles in the 
samples in the samples due to the fact that the electrode layers may 
be formed of metal compounds, in particular, salts of carboxylic 
acids, which are then decomposed to release the metal particles. The 
presence of the peak I in 17-55 ºC obviously related to the removal 
of moisture contained in the polymer film by adsorption from the 
environment. The presence of a second peak in the spectrum in 80-
113 ºC probably due to the phase transition type I - the melting of 
the crystalline portion of polyethylene sample and release of charge 
carriers of structural traps and, as a consequence, increase the 
values of the thermally stimulated current. The third peak in 195 ºC 
above apparently associated with the appearance of additional 
charge carriers as a result of oxidizing processes occurring in 
polyethylene at elevated temperatures. 

A single laser treatment of the polymer sample, located on the 
light-absorbing substrate (graphite), low-energy radiation (E ~ 0.6 
J) leads to a noticeable change in the spectrum of TSC in the 
studied temperature range (Fig. 5). 

 

  
Fig. 5 Dependence of the 
thermally currents I of the 
temperature T in the original 
sample HDPE 

Fig. 6 The dependence of 
thermally currents I of the 
temperature T in the sample 
LDPE subjected to a single 
treatment with laser radiation 
with an energy E ~ 0.6 J 
1 – reflective; 2 - light-
absorbing substrate; 3 - 
initial sample 

 
The value of thermally stimulated currents in the temperature 

range studied increases in ~ 2 times. In the spectrum there are 
additional peaks of thermally stimulated currents in the temperature 
range 55 °C-80 °C; 84 ºC-95 oC; 95 °C-100 °C. The appearance of 
additional peaks in the spectrum of TSC obviously indicates the 
formation of a surface layer of a different type of charge carriers 
when exposed to laser radiation. This is due to the processes of 
degradation of macromolecules of the polymer, the intensification 
of oxidative processes in the surface layers of the polymer sample 
by laser radiation. This assumption is confirmed by the fact that the 
beginning of the third peak TSC exposed to laser radiation is shifted 
to 130 °C and is more intense compared to baseline TSC spectra for 
polyethylene. 

Processing of polyethylene sample by laser radiation on the 
reflective substrate (paper) leads to the formation of such a 
spectrum of TSC. However, it should be noted the formation of a 
series of intense peaks in the temperature 140-185ºS, which may 
indicate structural changes in the polymer matrix under the 
influence of laser radiation. The values of the current in the 
temperature range from 60-180 ºC 2.5-3 times higher for the sample 
of polyethylene irradiated on the reflective substrate than for the 
same sample, irradiated on the light-absorbing substrate, ceteris 
paribus. 

Increasing the number of treatments of the polymer sample, 
which is located on the light-absorbing substrate, up to 10 times 
increases the values of thermally stimulated currents 1.5-2 times 
and the emergence of a sufficiently intense peak in the spectrum of  
TSC in 120-180 ºC. Repeated exposure of laser radiation on 
polymer sample, located on the light-scattering substrate, resulting 
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in a decrease in the values of thermally stimulated currents in 17-
115 ºC. At temperatures observed 116-195ºS thermally stimulated 
current sign inversion, the absolute value of the thermally 
stimulated current ~ 2 fold lower than the single exposure of 
polymer sample, for a given type of substrate. 

Increasing the values of the energy of the laser radiation 
exposure to 5 J irradiation of polymer light-absorbing substrate 
leads to the degeneration of the peaks of thermally stimulated 
currents in the range from 17 ºC to 80 ºC. 

 Thus, the laser irradiation on the surface layers of products 
(semi-finished products) of thermoplastic polymer or composite 
materials with specific energy parameters allows you to change the 
settings of various characteristics - of strength, energy, 
morphological. By varying the parameters LR, you can achieve the 
necessary parameters microroughness providing optimal adhesion 
and tribological [19, 20]. 

Under the influence of laser radiation on the thin-film coating 
of fluorine-containing compounds, possibly modifying the surface 
layer of carbonaceous filler (carbon fiber), provides a significant 
strengthening effect of composite materials based on 
polytetrafluoroethylene. 

Effective is the use of laser irradiation on the surface layer of 
polymeric implants used in ossikuloplastike, thanks to the 
implementation of synergies resulting from the formation of optimal 
morphology close to that of natural bone morphology, and energy 
state with a long relaxation time, which has a beneficial effect on 
the suppression or inhibition of postoperative complications [18]. 

Thus, controlling the process parameters laser treatment of 
semi-finished polymer can change the parameters of different 
characteristics: structural, of strength, electro and others. The use of 
laser technology in the composite polymer materials science, and 
applied fields tribotechnology allows purposefully change the 
kinetics of interfacial processes in order to form the structure of a 
given composition and structure. 

 
4. Conclusions 

 
Analysis of the literature and the results of the study 

indicate the prospects of using laser technology in the 
formation of functional materials and systems. Laser 
radiation has a complex effect on the polymer intermediates, 
changing its structure, deformation-strength and electrical 
characteristics. Probably a synergistic effect of laser 
radiation due to the change of the energy parameters of 
polymeric macromolecules, which causes secondary 
processes of structural transformations that modify the 
settings of service characteristics. 
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