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Abstract— The topic of this research paper is a comparison of
influence of chemical and petrochemical products on the mechanical
properties of the selected types of polymers modified by irradiation
cross-linking. After irradiation by beta radiation the materials were
load into the chemicals. For the evaluation of the mechanical
properties of irradiated and non-irradiated test specimens the tensile
test and impact hammer test were used.

II. PROBLEM FORMULATION
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I. INTRODUCTION

H

AVING marked present according to the most
characteristic material, which has served the mankind, it
certainly would be called time of polymers. Due to specific
features, processing and application polymeric materials have
gradually replaced the most widely used materials such as
wood and metal. However, demands on their properties
increase with their increasing applications.
Resistance to the effects of environmental degradation is an
important property of plastic materials. Resistance to the
effects of chemical products is an important factor that has a
particular impact on their applicability in various industries.
They cannot be applied properly and thus their maximal
lifespan cannot be guaranteed unless their resistance is known.
If the materials resistance to the effects of the environment
increases, the products lifespan and thus material and financial
savings also increase.
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HE aim of this work is to find out the impact of the
chemical agents on the mechanical properties of the
specified radiation cross-linked polymers.
One of the ways how to increase resistance of plastics is
the method of radiation cross-linking by beta or gamma
radiation ionization. It results into improvement of mechanical,
chemical and other properties of materials at affordable price.
As the trend of plastic components development is
determined by the automotive industry, these types of liquids
used in the industry are chosen: Methanol testing fluid, bio
diesel, engine oil, concentrated coolant, anti-freeze mixture
and brake fluid. The tested materials are the following plastics:
PBT and PA 66 filled with 30% of glass fibers.
In the next step the pieces will be sent BGS company to be
radiated to the desired degree of cross-linking. Furthermore,
Robert Bosh company will provide soaking of the specimens
into chemicals under the given conditions. Subsequently, the
specimens will be subjected to mechanical tests. Finally,
comparison and results evaluation will be done.
A. Test specimens preparation
The materials of the test specimens were:
Polyamide 6.6 Frianyl A63 VNGV30
PBT PTS-CREATEC-B3HZC* M800/25 natur
PA 11 V-PTS-CREAMID-11T *M600/13 transparent
PA12 V-PTS-CREAMID 12- AMN 0 TLD *M800/13 natur
The test specimens were prepared on the injection moulding
machine (ARBURG ALLROUNDER 420 C 1000-350).
Processing conditions during the injection moulding were
set according to the recommendation of the producers.
B. Test specimens modification
All samples were irradiated with electron rays (electron
energy 10MeV) in BGS Beta Gamma Service GmbH & Co,
Saal am Donau – Germany.
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conventional diesel, thus causing greater destruction and
deposition in the fuel system.
The composition of blended diesel fuel can be seen in Table
III.

Table I. The values of irradiated doses
Materials
Dosis [kGy]
165
PBT
99
PA 6.6 (30% GF)
PA 11
99
99
PA 12
C. Chemical soaking of tensile test specimens
Chemical soaking of the specimens was carried out by
Robert Bosh, Ltd. company. Two chemicals used in
automotive industry were chosen: methanol testing liquid
labeled FAM B and blended diesel oil Biodiesel B30. Test
conditions:
Time of soaking: 96 hours
Temperature of the chemicals: 70°C
Other chemicals were chosen:
- Engine oil Mogul®SAE 10 W 40
- Concentrated coolant based on ethylene glycol with
organic corrosion inhibitors Sheron ® Antifreeze G48
- Anti-freeze mixture Carlson®-30°C
- Brake fluid ABS® SAE J 1703 DOT4
Time of soaking: 168 hours
Temperature of the chemicals: room temperature

Table II. Content of testing chemical FAM B

FAM B

Content
84,5 %

•

pure toluene

50 %

•

isooctane

30 %

•

di-isobutylen

15 %

•

ethanol reagent

5%

 methanol

15 %

 deionised water

0,5 %

I. Brake fluid ABS® SAE J 1703 DOT4
This is the classic brake fluid based on the basis of 2,2 'oxybisethanol and butylpolyglycol.
Table III. Content of testing chemical B30

B30

Content

 fossil diesel

69 %

 rapeseed oil methyl ester

31 %

J. Testing instruments
The following tests were carried out and equipment used:
Tensile test, according to standard CSN EN ISO 527-1,
527-2 was carried out on tensile machine ZWICK 1456. The
test was carried out at the room and at the evaluated
temperature (80°C). Test data was processed by Test Xpert
Standard software and modulus (E [MPa]), tensile strength (σt
[MPa]) were determined. (in case of PBT and PA 6.6)
Impact hammer test carried out on tensile machine ZWICK
5113, according to standard CSN EN ISO 2818 - Energy
2,87J. (in case of PBT, PA11, PA12)

III. PROBLEM SOLUTION

E. Blended diesel oil Biodiesel B30
Biodiesel (its trade name is Naturdiesel) is an
environmentally friendly fuel based on methyl esters FAME
(unsaturated fatty acids of vegetable origin). It is produced by
a refining process from any vegetable oil. Compared to
conventional diesel fuel Biodiesel reduces emissions and is
biodegradable. The main advantage is its production from
renewable sources. Biodiesel is a stronger solvent than
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G.Concentrated coolant based on ethylene glycol with
organic corrosion inhibitors Sheron ® Antifreeze G48
This coolant based on ethylene glycol can be used all year
round. A range of its application is wide as it can be used in
passenger cars and trucks with aluminium alloys engines. It
contains silicate-organic additives. The coolant meets the
standard VW TL 774 C/G11.
H. Anti-freeze mixture Carlson®-30°C
This antifreeze is based on water-based ethanol and ethylene
glycol. It contains surfactants to remove dirt.

D.Methanol testing liquid FAM B
Methanol testing liquid FAM is applied for testing of
polymeric materials and plastic components, which comes in
intense contact with motor fuels, used in the automotive and
petrochemical industries. This liquid is not currently any
commercially available fuel and is suitable only for testing
purposes. FAM testing liquid is divided into FAM A, FAM B
and C types. The FAM B liquid composes mostly of FAM A
liquid and methanol. The composition can be seen in Table II.

 FAM A

F. Engine oil Mogul®SAE 10 W 40
It is an engine oil for lubrication of gasoline and diesel
engines of passenger cars. Its use is possible at wide range of
temperatures. Classification and specification: SAE 10W-40 •
API SL/CF • VW 500.00/505.00 • MB 229.1
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A. Result of polyamide 6.6 – tensile test
As you can see in the Figure 1, the value of E-modulus of
PA6.6 which has not been soaked (at room temperature) is
higher about 20% after irradiation. The value of E-modulus
declines rapidly after chemical soaking in FAM B. In the case
of irradiated test specimens the value of E-modulus is higher
about 14% than non-irradiated samples. But this value is still
lower than the results of E-modulus of specimens which has
not been soaked.
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E-modulus of test specimens soaked in B30 is about 15%
lower than in case of non-soaked test specimens. In the case of
irradiated test specimens the value of E-modulus is higher of
about 8% than non-irradiated samples.

The similar results are in case of tensile strength (Figure 2).
All results are higher after irradiation that non-irradiated, but
in comparison with samples without soaking the value of
tensile strength is still lower.

Fig. 1 Result of E-modulus of irradiated and non-irradiated PA6.6 GV30 at 23°C
in dependence of chemical soaking

Fig. 2 Result of tensile strength of irradiated and non-irradiated PA6.6 GV30 at 23°C
in dependence of chemical soaking

If we look at the evaluated temperature, the situation
analogous is here. On the other hand, the results of test
specimens soaked in B30 show higher value of E-modulus

than non-irradiated and non-soaked test specimens. The
improvement is about 33% (Figure 3).

Fig. 3 Result of E-modulus of irradiated and non-irradiated PA6.6 GV30 at 80°C
in dependence of chemical soaking
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Fig. 4 Result of tensile strength of irradiated and non-irradiated PA6.6 GV30 at 80°C
in dependence of chemical soaking

B. Result of PBT – tensile test
As you can see in the Figure 5, the value of E-modulus of
non-soaked PBT (at room temperature) is higher about 55%
after irradiation. After chemical soaking in FAM B the value
of E-modulus declines rapidly. In the case of irradiated test
specimens the value of E-modulus is higher of about 63% than
non-irradiated samples. However, this value is still lower than

the results of E-modulus of specimens which has not been
soaked.
E-modulus of irradiated test specimens soaked in B30 is
higher of about 55% than in case of non soaked and nonirradiated test specimens.
Also the results of tensile strength of PBT show certain
improvement (Figure 6).

Fig. 5 Result of E-modulus of irradiated and non-irradiated PBT at 23°C
in dependence of chemical soaking

Fig. 6 Result of tensile strength of irradiated and non-irradiated PBT at 23°C
in dependence of chemical soaking
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If we look at the evaluated temperature, we got the best
results here. E-modulus of irradiated test specimens soaked in
B30 is higher of about 65% than in case of non-soaked and
non-irradiated test specimens. (Figure 7).

Also the results of tensile strength of PBT show an
improvement of about 33% - in case of test specimens
irradiated and soaked in B30 in comparison with non-soaked
and non-irradiated test specimens.(Figure 8).

Fig. 7 Result of E-modulus of irradiated and non-irradiated PBT at 80°C
in dependence of chemical soaking

Fig. 8 Result of tensile strength of irradiated and non-irradiated PBT at 80°C
in dependence of chemical soaking
If you look at the tables bellow, you can see the results of
improvement of E-modulus and tensile strength (in the
brackets) of each material after irradiation cross-linking in
comparison with non-irradiated test specimens. If we look only
at the materials which have been soaked in chemicals – the
best improvement is in case of irradiated PBT in B30 at
evaluated temperature (+58%).
Table III. Results of improvement E-modulus and tensile
strength (in bracket) after irradiation at room temperature
T=
23°C

Unloaded

FAM B

Biodiesel B30

PA 6.6

+20 %
(+16)

+12 %
(+10)

+9 % (+9)

PBT

56% (+36)

+57 % (+8)

+29 % (+16)

Unloaded

FAM B

Biodiesel
B30

PA 6.6

+16 % (+16)

+20% (+12)

+14 % (+6)

PBT

+125 %
(+41)

+27 %
(+32)

+58 % (+27)

C. Result of PBT –impact hammer test
Impact hammer strength of PBT in dependence on chemical
soaking did not change so much. Concentrated coolant based
on ethylene glycol caused the swelling of the test specimens
whereupon the impact hammer strength increased about 17%
in case of non-irradiated test specimens. Test specimens
soaked in biodiesel (B30) showed decreasing of impact
hammer strength as you can see in the Fig. 9. Radiation crosslinking of PBT resulted in increase of impact hammer strength
about 285% in comparison with non-irradiated non-soaked test

Table IV. Results of improvement E-modulus and tensile
strength (in bracket) after irradiation at evaluated temperature
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Ab /kJ.m-2/

specimens. The results of impact hammer strength of test
specimens soaked in engine fluid showed decrease.
Lower value of swelling is in case of irradiated test
specimens soaked in engine oil, where the decrease of impact
hammer strength is about 12% in comparison non-soaked test
specimens. The similar results are in case of test specimens
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

soaked in ethylene glycol, where the decrease is 16%. Because
of swelling of test specimens in brake fluid the impact hammer
strength increased about 8.5% in comparison with non-soaked
irradiated test specimens.

26,26±1,24
24,04±0,59

21,16±1,16

non-soaked

20,17±0,8

engine oil
ethylene glycol
8,43±0,67

ethanol

10,15±0,91

8,36±1,75
7,89±0,03

8,46±0,64
8,32±0,2

brake fluid
7,78±0,58

7,02±0,72

FAM-B
B-30

1,32±0,09

1,26±0,13

non-irradiated

irradiated

Fig. 9 Result of impact hammer strength of irradiated and non-irradiated PBT in dependence of chemical soaking
D.Result of PA11 – impact hammer test

30
25,87±0,89

25

25,92±1,07

21,32±0,65
20,87 0,99
20,34±0,68

non-soaked

Ab /kJ.m-2 /

20

engine oil
ethylene glycol

15

10

ethanol
brake fluid

9,83±1,55
6,65±0,26
7,41±0,96
7,28±0,53 6,79±0,32

FAM-B
B-30

5
0,79 0,06

0,73±0,06

0
non-irradiated

irradiated

Fig. 10 Result of impact hammer strength of irradiated and non-irradiated PA11 in dependence of chemical soaking
In the Figure 10 we can see the improvement of impact
hammer strength after irradiation.
Test specimens soaked in anti-freeze mixture showed
improvement in impact hammer strength about 35%. Opposite
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to this it was unable to measure test specimens soaked in FAM
B because of destruction of these test specimens. In case of
test specimens irradiated and soaked in FAM B it was also
unable to measure properties because of high impact
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resistance. Test specimens soaked in B30 lost 90% of impact
hammer strength in comparison with non-soaked test
specimens.
With irradiation of test specimens we received the
improvement of impact hammer strength about 355% in
comparison with non-irradiated test specimens. But the

influence of ethanol, ethylene glycol and engine oil cause
deterioration of impact hammer strength about 20%. In case
of brake fluid the properties did not change in comparison with
non-soaked test specimens. Irradiated test specimens were also
susceptible to B30 testing fluid.

E. Result of PA12 – impact hammer test
The impact hammer strength of PA12 soaked in engine oil
and ethylene glycol is on the same level in comparison with
non-soaked test specimens. Opposite to this the test specimens
soaked in ethanol fluid showed improvement of impact
hammer strength (98%) because of swelling. The similar result
we got in case of FAM B, where the improvement was 24%.
The other testing fluids brought down the impact hammer
strength – bare fluid about 20%, B30 about 84%.
Irradiation of PA12 caused improvement of impact hammer
strength in comparison with non-irradiated test specimens.

Irradiation of test specimens improved stability against brake
fluid as well. Deterioration in properties is in case of material
soaked in engine oil (-11%), FAM B (-53%) and biodiesel
B30 (-96%). Concerning the engine oil, its characteristic was
lowered but still, in comparison to non-irradiated samples
loaded in this liquid, its value was still higher of about 100%.

14
12
10,18±0,64 10,43±2,39
9,45±0,81
9,02±1,07

10,11±0,5

10

Ab /kJ.m-2/

8,8±0,89

non-soaked
engine oil

8
6

ethylene glycol
4,42±0,73
4,43±0,11

ethanol

5,48±0,45
4,83±0,45

4,25±0,52
3,57 1,3

4

brake fluid
FAM-B
B-30

2
0,73±0,06

0,44±0,01

0
non-irradiated

irradiated

Fig. 11 Result of impact hammer strength of irradiated and non-irradiated PA12 in dependence of chemical soaking

IV. CONCLUSION
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