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Abstract.   This study deals with the effect of ionizing beta radiation on notch impact strength of 
polyamides filled with glass fiber under the influence of temperature and moisture. These properties were 
examined in dependence on the dosage of this ionizing beta radiation (non-irradiated samples and those 
irradiated by dosage 66, and 132 kGy were compared).   

1 Introduction  
The modification of polymer properties by irradiation is 
constantly evolving area. Ionic and ionizing radiation are 
the main types of radiation which are used for the 
polymer modification. Gamma radiation created from 
radioactive isotope Co-60 (60Co) belongs to ionizing 
radiation as well as beta radiation (electron beam) and 
X-ray radiation. All of these types significantly differ, 
however during these all process the energy transfer to 
atoms of irradiated material occurs [1-6].  
As stated in previous investigations [6-16], it is possible 
to effectively change physical, mechanical and 
biological properties of irradiated material by ionizing 
radiation. These changes are probably caused by primary 
and secondary processes which are created due to 
interaction of ionizing radiation with polymer [1,2,3]. 
 

 

 

 

 

 

Ionization 

Excitation 

Thermal stabilization of electron 

Neutralization 

Free-radical generation 

�� �� ePP
*PP �
�� thee

*
th PeP �� ��

��

��

��

��

HR
RRP 21

*

 
Fig. 1. Primary processes (P-polymer, R-radical) [1]. 
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Fig. 2. Secondary processes (M-monomer) [1]. 
 

Ionization, excitation and free radicals generation belong 
to primary interactions. Secondary reactions include 
crosslinking or branching, chain scission, oxidation and 
grafting, which follow after the free radical generation 
[1,2,3]. The primary and secondary processes are shown 
in the Figure 1 and 2 [1]. 
Various polymeric materials have various reactions on 
radiation, especially in case of crosslinking and chain 
scission (refer with: Table 1). Crosslinking and chain 
scission are two competitive processes, which always 
coexist during irradiation and the overall irradiation 
effect depends on which process predominate in given 
time (crosslinking or chain scission) [1-6]. 
 
Table 1. Classification of polymers according to their response 
to ionizing radiation [2]. 

Polymers predominantly 

crosslinking  

Polymers 

predominantly 

degrading 

Polyethylene Poly(tetrafluoroethylene) 
Polystyrene Poly(vinyl fluoride) 

Polypropylene Poly(methyl 
methacrylate)  

Polyamides Polyoxymethylene  
Poly(vinyl chloride) Poly(ethylene sulfide) 
Polyesters Polyisobutylene  
Poly(vinyl methyl ether) Polyacrylonitrile  
Poly(vinyl acetate) Poly(propylene sulfide)  

 
The crosslinking level can be adjusted by irradiation 
dosage and often by means of a crosslinking booster. 
The main difference between electron beta and photon 
gamma is in their different abilities of penetrating the 
irradiated material. Gamma rays have a high penetration 
capacity. The penetration capacity of electron rays 
depends on the energy of the accelerated electrons. Due 
to accelerated electron the required dose may be applied 
for seconds, whereas several hours are required on the 
gamma radiation plant. The electron accelerators operate 
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on the principle of the Braun tube, whereby a hot 
cathode is heated in vacuum to such a degree that 
electrons are released [17-21]. 
This study deals with the influence of different doses of 
ionizing beta radiation on notch impact strength of 
polyamides filled with glass fiber under the influence of 
temperature and moisture and follows previous studies 
[3, 5, 7, 9, 10], which described the change of 
mechanical properties of selected types thermoplastics.  
The previous study [3, 5, 7, 9, 10] proved the positive 
irradiation effect on mechanical of selected types 
polymers. Nevertheless, some findings are not explained 
yet, namely the change of dynamic properties during the 
application of beta radiation on material under thermal 
loading. Each new finding on the effect of radiation 
crosslinking on the properties of polymer materials may 
thus contribute to a better understanding of the issue and 
can extend the field of new applications. 

2 Experimental 

2.1 Materials 

For this experiment two types polyamides were used. 
Both materials are filled with glass fibers and their 
commercial names are: 
- Polyamide 66 GF 30 – V – PTS – CREAMID   

A3H7.2G 6*M0129A Schwarz 
- Polyamide 7T GF 56 – V – DURAMID TH7 

G12.0SZB*9207 

The basic properties of used materials are shown in 
Table 2 and 3. 

Table 2. Properties of PA 66 GF 30. 

PA 66 GF 30 

Density [g/cm3] 1.37 

Impact toughness [kJ/m2] 8 

Tensile modulus [MPa] 10000 

Bending strength [MPa] 260 

Softening temperature [°C] 255 

The samples were made using the injection molding 
technology on the injection molding machine Arburg 
Allrounder 470H 1000-400. The samples had the shape 
and dimensions according to the CSN EN ISO 179. 

Processing conditions during the injection moulding 
were according to the recommendation of the 
procedures.  
Test specimens were equipped with a notch type V (size 
2 mm).  

Table 3. Properties of PA 7T GF 56. 

PA 7T GF 56 

Density [g/cm3] 1.63 

Impact toughness [kJ/m2] 25

Tensile modulus [MPa] 19000 

Bending strength [MPa] 290 

Softening temperature [°C] 229 

All samples were irradiated with electron (beta) rays 
(electron energy 10 MeV, radiation doses: 66 and 132 
kGy) in the firm BGS Beta Gamma Service GmbH & 
Co, Saal am Danau – Germany [7, 14, 15]. 

2.2 Determination of crosslinked phase (gel) 
and mechanical characteristic  

For determination the crosslinked phase (gel) there was 
used a gel test. Test conditions were according to the 
CSN EN 579 [3]. 
For testing the mechanical properties there was used a 
dynamic test on the test machine Zwick HIT50P. Test 
conditions were according to the CSN EN ISO 179. The 
energy of the hammer was 50 J and test data was 
processed by Test Xpert II software.  
After irradiation, the test specimens were exposed to the 
effects of temperature and moisture (168 hours at 75 ºC
and 98% moisture).  

3 Results and discussion  

3.1 The content of crosslinked phase  

As it is apparent from measurement results, the ionizing 
beta radiation significantly increases the content of 
crosslinked phase (refer with: Fig. 3). 
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Fig. 3. Variation of content of crosslinked phase. 

From this can be deduced that the higher amount of 
crosslinked phase (gel) the higher amount of structural 
net created mainly in the amorphous phase of PA 66 GF 
30 and PA 7T GF 56 as a result of irradiation [1-3]. 
These changes have resulted in improvement of 
mechanical properties of tested materials.  

3.2 Notch impact strength – PA 66 GF 30 

Comparison of notch impact strength and maximum 
force (at 75 ºC and 98% moisture) of PA 66 GF 30 
before and after irradiation is given in the Figures 4 and 
5.

Fig. 4. Maximum force – PA 66 GF 30.  

In the case of maximum force the highest increase was 
achieved at a dose of 66 kGy and the lowest change of 
maximum force was measured at a dose of 132 kGy. In 
the case of irradiated with a dose of 66 kGy the 
maximum force increased from 609.7 N (non-irradiated 
samples) to 638.2 N (dose of 66 kGy), which is a hike of 
approximately 5 % (referring to: Fig. 4). 

Fig. 5. Notch impact strength – PA 66 GF 30.  

In the case of notch impact strength, the observed values 
decreased (due to irradiation). The highest decrease was 
achieved at a dose of 132 kGy. In the case of irradiated 
with a dose of 132 kGy the notch impact strength 
decreased from 28.1 kJ/m2 (non-irradiated samples) to 
22.3 kJ/m2 (dose of 132 kGy), which is a drop of 
approximately 20 % (referring to: Fig. 5). 

3.3 Notch impact strength – PA 7T GF 56 

Comparison of notch impact strength and maximum 
force (at 75 ºC and 98% moisture) of PA 7T GF 56 
before and after irradiation is given in the Figures 6 and 
7.

Fig. 6. Maximum force – PA 7T GF 56.

In the case of maximum force the highest increase was 
achieved at a dose of 66 kGy and the lowest change of 
maximum force was measured at a dose of 132 kGy. In 
the case of irradiated with a dose of 66 kGy the 
maximum force increased from 791.0 N (non-irradiated 
samples) to 935.3 N (dose of 66 kGy), which is a hike of 
approximately 20 % (referring to: Fig. 6). 
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Fig. 7. Notch impact strength – PA 7T GF 56. 

In the case of notch impact strength the highest increase 
was achieved at a dose of 66 kGy and the lowest change 
of notch impact strength was measured at a dose of 132 
kGy. In the case of irradiated with a dose of 66 kGy the 
notch impact strength increased from 29.3 kJ/m2 (non-
irradiated samples) to 32.6 kJ/m2 (dose of 66 kGy), 
which is a hike of approximately 10 % (referring to: Fig. 
7). 

4 Conclusion 
This study deals with the influence of different doses of 
ionizing beta radiation on notch impact strength of 
polyamides filled with glass fiber under the influence of 
temperature and moisture. From the measurement results 
follows, that the ionizing beta radiation appears to be a 
very effective way to increase the mechanical properties. 
The consequence of irradiation is the creation of the 
covalent bonds among the macromolecular strings which 
are more flexible during thermal load than 
intermolecular forces [2,3,7,14,15]. These changes 
(together with the rise of content of crosslinked phase) 
have resulted in an significant improvement in 
mechanical properties of tested polyamides. 
Changes due to irradiation were seen primarily in 
material with higher content of filler (PA 7T GF 56).  
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