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In this research work has been studied the effect of electron irradiation on the properties and structure of PA6 

polyamide. The treatment was carried out with an industrial pulse accelerator in air with an irradiation dose in the 

range of 100-400 kGy. The processed polymer was also studied by Fourier-transform infrared spectroscopy, scanning 

electron microscopy, X-ray phase analysis and differential scanning calorimetry. According to the results of the study 

was known that electron beam treatment affects the crystal structure of polyamide-PA6, reducing its size. Also, it was 

found that the radiation dose of 200 kGy is optimal for preserving the crystal structure in comparison with 100, 300 

and 400 kGy. 
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Introduction 

As a result of the development of science and technology, polymer materials have become increasingly 

important not only as electrical isolation in electrical installations but also as substitutes for traditional metal 

parts. This allows obtaining modified polymers that are economically effective and have the necessary physical 

and mechanical properties [1]. The method of processing polymer materials with an electron beam (EB) has 

been used for the last 50 years in production [2]. EB treatment has several advantages compared to the chemical 

modification method. In particular, the product does not contain any catalyst residues and by-products the 

process is repeated and simple, the exact amount of energy and temperature affected can be controlled [2-6]. 

Polyamide is one of the most widely used polymers in manufacturing due to its high strength, resistance to 

corrosion and aggressive environment and self-lubricating properties [7, 8]. But in the process of using as a 

movable particle under heavy loads at low temperatures, the friction coefficient of polyamide is large, a high 

degree of wear and under the influence of polar functional groups and hydrogen bonds in the molecule, 

absorbing a large amount of moisture mechanically changes to a more soft and plastic. This negatively affects 

the quality of the material and reduces the practical application [9-13]. At 22 kGy using red phosphorus with a 

mass fraction of 12.5% as a binding agent was found the fire resistance of PA6-polyamide increases [14]. It is 

investigated that by processing polyamide-PA6 EB obtained without a binding agent, and it is possible to 

increase the thermal properties and reduce the water-absorbing properties [15]. Making the necessary changes in 

the properties of polymers due processing with high-energy electrons increases their practical significance. This 

proposed that studying polymer modification using EB and its changes leading to the polymer properties is 

relevant today. 

It was found that the mechanism of processing the EB polymer is complex, and the possibilities of random 

processes are huge [16].In this study was studied the effect of electron beam treatment at various doses on the 

microstructure and morphology of the surface and the thermal properties of polyamide-PA6. 

1. Research materials and methods 

The study was used the disc-shaped sample TECAMID-6 (polyamide-6, Russia) (PA6) with a thickness of 

0.1 cm, diameter 2.5 cm, carried out processing of industrial pulse accelerator (IL-10, Russia) in the air with an 

energy of 1.3 MeV, a current of 12mA, conveyor speed 3.5 m/min, the dose of 100, 200, 300, 400kGy. The 

chemical structure of the treated PA6 with EB was studied on a Fourier-IR spectrometer (Simex FTIR-801, 

Russia), the surface morphology on a scanning electron microscope (SEM) (JSM-6390LV), the thermal 
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characteristic on a differential scanning calorimeter (Labsys Evo Setaram, France) in the temperature range of 

20-300C0, the heating rate in the nitrogen atmosphere +10 C0/min. 

2. Results and discussion 

Figure 1 is shown the IR spectrum of PA6 untreated samples and treated samples under EB with irradiation 

doses of 100, 200, 300, and 400 kGy. Comparing the spectra, we see that all the absorption peaks of the PA6 

samples treated by EB are similar to untreated PA6 sample's absorption peaks and do not have a new signal.The 

study was determined in the PA6 molecule at the peak of 976 cm-1 of the CO-NH group gave a β-crystal 

structure, 1118 cm-1 C-C, 1168 cm-1 III-amide and the CO-NH group giving α-crystal structure absorption 

values 928 cm-1-1260 cm-1.These values similar to previous studies [10, 16].   

The symmetric and asymmetric motion of the 1640 cm-1-1530 cm-1 N–H group and 2860 cm-1-3080 cm-1 

CH2 absorption peaks are seen. And at a wavelength of 3300 cm-1, there is a signal of a very weak variable 

hydrogen bond between N-H and C=O [17].The change in the absorption intensity of the critical peaks that 

provide information from changes in the chemical structure of PA6 after EB treatment is presented in Table 1. 

 

 
Fig.1. Comparative IR spectra of PA6 not treated with EB and treated at different EB doses. 

 

Table 1. The relative intensity of PA6 in different IR absorption regions, varying within the radiation dose range from 

0 to 400 kGy 

Electron beam dose, 

kGy 

absorption intensity change, % 

3300 сm-1 1200 сm-1 976 сm-1 

0 0.997 0.752 0.548 

100 0.259 0.525 0.208 

200 0.944 0.505 0.565 

300 0.971 0.489 0.614 

400 0.303 0.265 0.277 

 

Based on the results in Table 1, we see that when the radiation dose was increased from 0 kGy to 100 kGy, the 

absorption intensity of 3300 cm-1 immediately decreased from 0.997% to 0.259%. This indicates the break of the 

weak hydrogen bond between N-H and C=O after the EB irradiation [18]. We see that between 976 cm-1 and 1200 

cm-1 the intensity of crystal building signals decreases from 0.548% to 0.277% and from 0.752% to 0.265%, 

respectively, with an increase in the radiation dose. In the process of electron absorption, the polymer chain 

disintegrates, which is explained by the appearance of changes in the crystal lattice [19]. This phenomenon is 

clearly seen in Figure 3 as a result of the X-ray phase analysis. 

Figure 2 shows a micrograph obtained from an electron scanning microscope (ESM) of changes in the 

polyamide surface morphology before treatment with PA6 EB and after treatment with different doses. The surface 
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of the untreated PA6 sample with EB has a uniform spherulitic structure with minor scratches (Fig. 2a). With an 

increase in the EB dose from 0 kGy to 400 kGy, a change in the surface topography of the sample and a violation 

of the spherulitic structure (2b-2e). This phenomenon is explained by the fact that under the action of the electron 

flow, the surface volume of polyamide increases, and the crystal properties decrease [19]. 

 

 

 

 

a) b) c) 

 

 

c) d) 
Fig. 2. SEM micrograph of untreated with EB and treated with EB samples PA6 in different doses:  

a)-0 kGy; b)-100 kGy; c)-200 kGy; d)-300 kGy; e)-400 kGy 

 

 
Fig.3. X-ray diffractogram PA6, not treated with EB and treated with EB in different doses 

 
The X-ray phase analysis of PA6 sample not treated with EB and treated at different doses are shown in Figure 

3.On the diffractogram 2θ 200 and 240 from all the samples, we observe two intense peaks. This is the α-

crystalline phase of polyamide-PA6 [19]. The α-crystal phase is visible at these angles is said in these studies [20, 

21]. It can be seen that as the radiation dose increases from 0 kGy to 400 kGy, the intensity of the peaks decreases 

compared to 0 kGy. This phenomenon is clearly seen in the thermal result of the DSC in Figure 4 and Table 2.At 0 

kGy, the melting point is 2200C, the melting enthalpy is 57.33 J ·g-1, and with an increase in the radiation dose to 

400 kGy, the melting temperature and enthalpy respectively decreased to 2150C, 27.52 J·g-1.  
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Fig.4. DSC thermogram samples -PA6, not treated with EB and treated with EB in different doses. 

 

 
Table 2. DSC values of polyamide-PA6 untreated and treated with EB 

Radiationdose, kGy Meltingpoint, С0 Meltingenthalpy, J·g-1 

0 220 57.33 

100 219 57.07 

200 217 56.55 

300 216 27.65 

400 215 27.52 

 

During the process, the crystallinity decreases due to the inhibition of recombination and pyrolysis, the sewing 

of free radicals under the action of external electrons [22].  

Conclusion 

Based on the results of IR, SEM X-ray diffractometer and DSC was known that during the processing of 

EB, the variable hydrogen bond in the polyamide-PA6 molecule disappears, crystallization decreases, but free 

radicals between the monomers bind under the action of an external electron flow. It was found that at a 

radiation dose of 200 kGy, the crystal structure is preserved in comparison with 100, 300 and 400 kGy. It was 

revealed that the melting point of the PA6 polymer decreases from 220°C to 215°C after EB. It was found that 

after EB there is a change in the topography of the sample surface and a violation of the spherulite structure. 

This phenomenon is explained by the fact that, under the action of an electron beam, the volume of the 

polyamide surface increases, and the properties of the crystal deteriorate. 
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