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Abstract 
The work is devoted to the investigation of a multilayer 

polyamide/polyethylene film material 80 µm thick after 
its processing with an electron beam with an energy of 10 
MeV and doses of 3 to 18 kGy in the Burnasyan Federal 
Medical Biophysical Center of the federal medical biolog-
ical agency. Infrared spectroscopy was used to study the 
structure of a polymer material before and after irradia-
tion of each layer. Atomic emission microscope was used 
to study the surface of a film. Evolution of the film sur-
face characteristics can lead to a change in the barrier 
properties of film material used for packaging in the food 
industry. Investigation of polymer film treated with fast 
electrons showed stable results on dispersion at doses up 
to 18 kGy. 

INTRODUCTION 
Radiation technologies of food processing and food 

packing is accurate radiation dosing of radiation, the pos-
sibility of exposure of packaged products, a high degree 
of efficiency and performance, and low operating costs 
[1]. High-energy electrons beam treatment reduces level 
of pathogenic bacteria and viruses. The applied dose is 
relatively different from 0.05 – 0.15 kGy to inhibit sprout-
ing of potatoes and onions to 2.0 – 10 kGy to improve 
technological properties of food products and to 30 - 50 
kGy for sterilizing meat products. 

In the industry to maintain sterilization effects and in-
crease the shelf life of foods often radiation sterilization is 
carried out in the package. Basically multilayer film mate-
rials of different composition are used. By combining 
multiple layers of different polymers, the manufacturer is 
able to create film materials with desired properties for 
each type of agricultural products, taking into account the 
respiratory processes. 

During radiation sterilization by electron beam in pol-
ymeric materials can simultaneously undergo the process 
of crosslinking and degradation, followed by oxidation 
process and the appearance of such functional groups as: 
–C=O, –OH, –O–O–H, –C–O–O–C– [2-5]. 

The structure of the polymer material surface under the 
action of irradiation changes and forms a variety of reliefs 
in the form of ripples, irregularities of granular type and 
through holes. This phenomenon is used for the manufac-
ture of polymeric microporous membranes [6-9]. 

The aim of this work is to identify the dependence of 
surface structure of the polymer material with the change 
of functional groups in the IR spectra before and after fast 
electrons irradiation. 

RESEARCH METHODS 
When storing fresh agricultural produce best results 

showed the multilayer film materials composition of pol-
yamide/polyethylene in a percentage ratio of 20:80 
(PA/PE) [10-11].  

PA/PE samples were irradiated by 10 MeV electrons at 
accelerator UELR-10-10-40 at doses from 3 to 18 kGy. 
Approximate (desirable) doses of irradiation of samples 
and real doses of irradiation of packs with samples ac-
cording to indications of detectors in control points are 
presented in Table 1. The results are shown in Table 1. 

Table 1: Absorbed Doses of Fast Electrons 
Estab-
lished 
dose, 
kGy 

Irradiation on installations 

UELR-10-10-40 

Beam output 
dose, kGy 

D, absorbed dose, 
kGy 

3 3.0 ± 0.3 3.2 ± 0.3 
6 5.8 ± 0.5 6.2 ± 0.6 
9 8.3 ± 1.1 8.3 ± 0.7 
12 11.5 ± 1.2 11.5 ± 1.1 
15 14.1 ± 2.6 14.1 ± 1.3 
18 16.7 ± 1.4 17.3 ± 1.4 

 
The infrared spectrum from 400 to 4500 cm-1 are char-

acteristic basic intense absorption bands to the PE-layer 
related to the stretching (2820-2980 cm-1) and the defor-
mation (1480 cm-1, 725-740 cm-1) fluctuations -CH2- 
groups. Absorption bands related to deformation vibra-
tions of -CH3 groups are observed in the region 1380-
1370 cm-1. Characteristic absorption band for the PA-
layer: the deformation vibration of the N-H in the region 
of 3040 cm-1, 1550 - 1570 cm-1 and the carbonyl group 
bending vibrations in the 1620-1680 cm-1. The most char-
acteristic absorption of functional groups in the test sam-
ple is presented at Table 2. 
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Table 2: Characteristic Absorption in IR Spectra of the 
Sample PA/PE. 

Func-
tional 
group  

Characteristic absorption frequency, cm-1 

PE-layers PA-layers PA/PE 

Stretching vibrations 
-СН2- 2820-2980 

(s.) 
  

-С=О  1623-1680 
(s.) 

2020 (sl.) 

 

-С-О-
С- 

 1120 (s.) 
1257-1275 

(s.) 

 

-СОО-   2340 (sl.) 
-СН-   3268-3338 

(s.) 
Deformation vibrations 

-СН2- 1480 (s.) 
725-740 (s.) 

 718-733 (s.) 

–NH–  3085 (s.)  
-СН3 1380-1371 

(s.) 
 1170 (s.) 

 
After irradiation, the characteristic absorption bands of 

PE- and PA- layers do not undergo radical changes in the 
structure of the packaging material. Explore the intensity 
of absorption bands of functional groups present the 
change of their intensity.  

The intensities of the absorption bands of functional 
groups at absorbed doses 0 kGy and  18 kGy are in Table 
3. It is possible to speak about degradation or crosslinking 
in samples of films. We have found that almost no change 
occurs in the structure of multilayered sample PA/PE. 
Table 3: Intensities of Absorption Bands in Films PA/PE  

Absorption 
band, cm-1 

Functional group Intensities of the 
absorption band 

РА/РЕ 
Dose 0 kGy 

1371-1366 -СН3 0.11±0.01 
2340 -СОО- 0.76±0.01 
3085 -NH- 0.19±0.02 

Dose 18 kGy  
1371-1366 -СН3 0.10±0.01 

2340 -СОО- 0.76±0.00 
3085 -NH- 0.18±0.01 

 
Table 3  and Fig. 1 shows that the bands intensity of the 

functional groups of PA/PE samples under the influence 
of fast electrons from 3 to 18 kGy changes the intensity of 
the bands of the functional groups-CH3 and -NH- de-
creases by 0.01 relative units, which can be attributed to 
the error limit. 

The results of scanning probe microscopy showed that 
the surface structure of the PA/PE sample in the PE-layer 

before irradiation in the area of 50x50 µm has no even-
ness and holes (Тable 4). With a detailed increase in the 
holes (in the area of 5x5 µm), they can be attributed to the 
film production technology, since there are no through 
holes. 

 
Figure 1: Dependence of fast electron irradiation doses on 
the intensity of absorption bands of functional groups.  

After irradiation, the surface structure of the RE-layer 
becomes more loose and bumpy. The number of holes 
increases (in the area of 50 × 50 microns) after irradiation 
with a dose of 18 kGy more than 10 holes. In a more 
detailed study - the holes can be described as through. 
The structure of the surface in the PE-layer before irradia-
tion has several non-through holes of 1 µm, but after 
irradiation the number of holes increases and the size of 
the holes reaches 2 µm.  

Studies of the surface structure of the PA-layer in the 
PA/PE film before irradiation on the surface of the poly-
mer film (50 × 50 µm) has a lumpy rough surface (Table 
4). On the plot with resolution 10 × 10 µm we can be 
noted that deepening can be attributed to the technology 
of film production. After irradiation with doses of 18 
kGy, the surface structure of the RA layer becomes 
smoother. 

Thus, it is shown that the processing of PA/PE samples 
by fast electrons changes the number of functional groups 
on IR spectroscopy and is 0.01 relative units. This chang-
es can be attributed to the error limit. However, the study 
of the surface structure of the samples by scanning mi-
croscopy confirms that after irradiation appear through 
holes mainly in the PE-layer, which proves the change in 
functional groups as a result of simultaneous processes of 
degradation and cross-linking (in the gap-hole) 0.01 rela-
tive units in the IR spectra, which refers not to the error, 
but to changes in the number of these groups. 
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Table 4: Surface Structure of PA/PE Sample before and 
after Irradiation. 

Resolu-
tion of 
the 
micro-
scope, 
µm 

Dose, kGy 

0 18 

PE layer 
50×50 

  
25×25 

  
10×10 

  
5×5 

  
РА layer 

50×50 

  
25×25 

  
10×10 

  
5×5 

 

––– 

 

CONCLUSION 
Polymer film materials with PA/PE composition as a 

percentage of the film 20:80 were processed by 10 MeV 
electrons at the accelerator UELR-10-10-40 with doses 
from 3 to 20 kGy. The study of the structure by IR spec-
troscopy showed that the irradiated PA/PE sample reduc-
es the number of functional groups –CH3 and –NH– by 
0.01 relative unit entails a change in the surface of the 
polymer material. The results of reproducing the intensity 
of the absorption bands of the functional groups show 
minimal dispersion, which indicates uniform irradiation 
of all samples. 

By confocal laser microscopy it was demonstrated that 
after irradiation in the PA/PE sample with doses of 18 
kGy, the film surface becomes smooth in the PA-layer. 
There is lumpiness, roughness  and through holes appear 
in the PA-layer. These characteristics can lead to changes 
in the barrier properties of the film material, as well as 
affect the shelf life of food. 
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