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I. Introduction 
Yet with the discovery of the laser by american Theodore Maiman, it began using different technologies – laser 
marking, laser engraving, laser cutting, laser welding, laser drilling, laser sintering and others. They apply to 
products from metals and alloys, as well as from non-metals - plastics, leather, wood, rubber, wood, cardboard, 
paper, marble, granite, ceramics [1] - [5], [12]. 
These technologies are applied successfully increasingly for plastics. We use plastic products more than ever - 
hundreds of times daily. We cover food with plastic wrap, drinking coffee from plastic cups, wear clothes made 
from fibers such as nylon and polyester, and even shopping with plastic bags and pay with plastic credit cards 
[11]. Also plastics have penetrated widely in industry - aircraft construction, automotives, machinery 
construction, etc.  
For each particular laser technology, applied to the products of plastics should be made wide range of 
experimental research. Some of the factors that affect these processes are optical and thermophysical properties of 
materials. Often they are not in reference books also rarely give their values for different wavelengths or different 
temperatures. It should be borne in mind, that the optical properties  strongly are amended and with the addition 
of dyes or fillers. Therefore their determination before applying to certain plastics a particular laser technological 
process is imperative. 
Purpose of the work is to create a stand for determining the absorptance of the plastics and the determination of 
this parameter for different wavelengths corresponding to the laser sources which can be used for these 
technologies. 
 

II. Prezentation 

Theoretical aspects 
The plastic consists of synthetic and semi-synthetic polymers, which remain solid at room temperature. All 
properties of plastics vary within wide limits and depend on the starting materials, and the technology included 
additives, fillers and dyes [7]. 
According to theirs state on heating the polymers are: 

 Thermoplastic polymers 
Thermoplastic polymers soften when heated and harden when cooling, as the process is reversible. These 
materials are based on thermoplastic plastics. Their macromolecule is linear and branched. They have negligible 
shrinkage, high elasticity and is most often used without fillers. Over 60-70 ºC most of them decrease the physical 
and mechanical properties. Thermoset plastics from this group, however, have a working range 150-250 ° C [8]. 
Thermoplastic plastics are available in in diversified species - insulating coatings, foils, sheets, pipes, profiles, 
structural details with complex spatial form. 
Some of the most popular members of this group  plastics are: polyethylene, polystyrene, polytetrafluoroethylene, 
polyvinyl chloride, polypropylene, polymethylmethacrylate and others. 

 Thermoset polymer 
Thermoset polymers also soften when heated and harden when cooling, but as a result of chemical reactions 
between the components thereof (with or without thermal effect), acquire a final solid, thermostable condition [8]. 
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Having entered to light through a plate of plastic part of it is reflected, another is absorbed and third is passed. As 
optical characteristics, taking into account the interaction of light with the substance are used reflection coefficien 
R, absorptance A and transmission coefficient T. For transparent and translucent plates of a plastic (fig. 1) is in 
force the dependence 

%100 TAR  .                                                                                                                                           (1) 

For opaque plates of a plastic the equation is transformed into the type 

%100 AR   .                                                                                                                                                  (2) 
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Figure 1 Distribution of intensity of light at its falling on a transparent or translucent plate. 

 
The division of plastics of transparent and opaque to optical area is too conditional. For certain wavelengths a 
sample of plastic may have a greater transmission ability, and for other wavelengths, it may be negligible.  
For technological processes laser marking, laser engraving, laser cutting, laser welding and laser drilling for 
samples of material using different laser sources in the visible, near infrared and far infrared areas. The 
knowledge of the optical characteristics for the wavelengths of these lasers is of particular importance for the 
realization of a particular technological process. Thus, it can be selected appropriate laser source for the research 
process on the one hand and to use technological system with the required working parameters. 
Influence of the same factors on absorptance A and reflection coefficient R: 

 condition of the treated surface; 
 the wavelength λ of the laser radiation; 
 the power density qS of the laser radiation; 
 temperature T of the sample surface [6]; 
 the angle of incidence and the plane of polarization. 

 
Stand for determining the optical parameters of plastics 
For carrying out experimental studies was created stand. Block-scheme of a the stand is shown in Figure 2. To 
measure on the illuminance is used a sensor TSL235R, which is a converter light -frequency. For visualization of 
the result is used two-line alphanumeric LCD display with driver for management HD44780. The entire 
measuring system is managed by a microcontroller PIC18F452. On Figure 3 is shown the format of the 
appearance of the result onto the display. 
 
By the stand indirectly determine the reflection coefficient R and the transmission coefficient T of the studied 
plastics for different wavelengths. By means of the formulas (1) or (2) to give the absorptance A of plastics. 
 
Samples 
The following were plastics investigated: 

 Polyamid 6 (PA6)  
Polyamide 6 is formed by ring opening polymerization of ε-caprolactam with water as a starter [9, 10]. 

 Polycarbonate (PC) 
Polycarbonate are plastics made from the group of synthetic polymers and the polyester family. Precisely there 
are polymeric esters of carbonic acid with diols (dihydric alcohols). They can be prepared by polycondensation of 
phosgene (a derivative of carbonic acid), with diols, or by transesterification with carbonic acid diesters of the 
dangerous place phosgene. 

 Polyethylene (PE) 
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Polyethylene is part of the group of polyolefins. Polyethylene is produced on the basis of ethylene gas, which can 
be produced either by conventional petrochemical, or ethanol. 

 Polymethylmethacrylat (PMMA), 
Polymethyl methacrylate (commonly known as acrylic glass or Plexiglas) is a synthetic, glass-like thermoplastic. 

 Polypropylen (PP) 
Polypropylene is a partially crystalline thermoplastic and belongs to the group of polyolefins. Polypropylene is 
obtained by polymerization of the monomer propylene with the aid of catalysts. 
Samples from these plastic - plates with the same thickness and dimensions 40 mm x 40 mm, were prepared.  
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Figure 2  Block-scheme of a the stand for determining the optical parameters of plastics 

 

 
Figure 3  Showing the results onto display 

 
Experimental results 
A large number of measurements for radiation of different types of lasers - fiber laser, Nd: YAG laser, Nd: YAG 
laser with doubled frequency, disc laser diode laser, CuBr laser, CO2-laser, were held. The results for the 
reflection coefficient R and the transmission coefficient T are summarized in Table I and Table II. 
 

Table I Reflection coefficient R in % of plastics 
 

      Wavelength λ, nm 
Plastic 

532 711 850 1064 10600 

PA6 13,0 12,5 11,5 9,5 5,5 

PC 10,5 10,0 9,5 9,0 5,0 

PE 11,5 10,5 9,5 8,5 5,0 

PMMA 7,5 7,5 7,0 5,5 4,5 

PP 15,5 11,5 10,0 9,5 6,5 
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Table III Transmission coefficient T in % of plastics 
 

      Wavelength λ, nm 
Plastic 

532 711 850 1064 10600 

PA6 74,0 75,5 77,0 79,5 58,0 

PC 89,0 89,0 89,5 90,0 79,0 

PE 84,0 86,0 86,5 87,0 69,5 

PMMA 92,0 92,0 91,0 92,5 76,0 

PP 77,0 82,0 85,0 86,0 64,0 

 

Indirectly determined values for absorptance A in plastics are given in the Table III. 
 

Table IIIII Absorptance A in % of plastics 
 

      Wavelength λ, nm 
Plastic 

532 711 850 1064 10600 

PA6 13,0 12,0 11,5 11,0 36,5 

PC 0,5 1,0 1,0 1,0 16,0 

PE 4,5 3,5 4,0 4,5 25,5 

PMMA 0,5 0,5 2,0 2,0 19,5 

PP 7,5 6,5 5,0 4,5 29,5 

 

Analysis of results 

From the experimental results for reflection coefficient R and the transmission coefficient T and absorptance A 

of investigated plastics can be made the following analysis: 
 The reflection coefficient slightly decreases with increasing of wavelength for all plastics. In the visible 

area is about 10% and in the far infrared region is reduced to 5-6%; 
 The transmission ability of those plastics is relatively large, but sharply reduced for wavelength λ = 10600 

nm; 
 Absorptance for investigated plastics is extremely high for CO2-laser and for lasers in the visible and near 

infrared region is 1-13%. 

III. Conclusion 
The conducted studies allow to make the following conclusions: 

 Absorptance of studied plastics for radiation of CO2-laser is in times greater than that of the lasers in the 
visible area. Through it can realize the technological processes, as will absorb a large part of the laser 
radiation. Bearing in mind that for laser marking and laser engraving require high quality of the radiation it 
is not appropriate this laser to be used for these two processes. CO2-laser is best suited for laser cutting, 
laser welding and laser drilling; 

 Fiber laser, Nd:YAG-laser, disk laser, Nd:YAG-laser with double frequency and CuBr laser are suitable for 
realizing processes laser marking and laser engraving. Although the absorbance of plastics for radiation of 
these lasers is not large, they have a good beam quality, which is necessary to achieve good quality of 
marking and engraving; 

 Diode laser can be used for laser welding and laser drilling of holes for the priducts of those plastics. 
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