
Evaluation of properties of elastomer seal for fuel systems 
exposed to effects of rapeseed methyl ester

Vladimír Šleger1*, Miroslav Müller2, Martin Pexa3

1Department of Mechanical Engineering, Faculty of Engineering, Czech University  
of Life Sciences in Prague, Prague, Czech Republic 

2Department of Material Science and Manufacturing Technology, Faculty of Engineering, 
Czech University of Life Sciences in Prague, Prague, Czech Republic

3Department for Quality and Dependability of Machines, Faculty of Engineering,  
Czech University of Life Sciences in Prague, Prague, Czech Republic

*Corresponding author: sleger@tf.czu.cz

Abstract

Šleger V., Müller M., Pexa M. (2017): Evaluation of properties of elastomer seal for fuel systems exposed to effects 
of rapeseed methyl ester. Res. Agr. Eng., 63: 115–120.

Elastomer seals in fuel systems have to evince required mechanical properties also at exposure to fuels. The aim of the 
research was to determine an influence of various concentrations of rapeseed methyl ester (RME) on a change of me-
chanical properties of sealing O-rings made from polyacrylate elastomer (an indication ACM). A permanent deforma-
tion – compression set (CS), a tensile strength and an elongation after the exposure to the tested environment for the 
time 20 months were evaluated within the experiment. A fall of the tensile strength, the elongation and the permanent 
deformation – compression set CS was proved depending on the type of the fuel. The increased negative influence of 
various concentrations of RME (20% to 100%) on the tested properties of the sealing O-rings compared with the diesel 
oil complying with the standard EN 590:2004 was not proved. So a significant negative influence of degradation aspects 
on the tested properties of the O-rings of the ACM type (polyacrylate elastomer) was not proved.
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The European Union devotes a great attention 
to possibilities of using biofuels for a drive of mo-
bile machines in present days. The biofuel is per-
ceived as a liquid or gaseous substance made from 
biomass which is determined for transportation. 
Biofuels are renewable sources compared to tradi-
tional fossil fuels.

However, the use of biofuels in common combus-
tion engines is not simple owing to different proper-
ties of these products. It is necessary to cope above all 
with lower calorific value, higher density and viscos-
ity of these biofuels and to take into regard their im-

pact on components, sealing elements of combustion 
engines above all (Imran et al. 2013; Pexa, Mařík 
2013; Barrios et al. 2014; Müller et al. 2015).  

Rapeseed methyl ester (RME) is one of the fre-
quently used substitutes for diesel oil in the Czech 
Republic. RME is gained at pressing rapeseeds and 
by a subsequent chemical treatment of the pressed 
oil by means of a reesterfication. Despite the re-
sultant product (RME) differs chemically from oil 
products, its fuel properties such as density, viscos-
ity, calorific value and the course of combustion are 
very close to the diesel oil.
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Rapeseed methyl ester can be used in the engine 
also in 100% concentration. However, producers of 
the engines have to allow it. 

Research studies are focused on a process of engine 
power and the combustion of rapeseed methyl ester 
(Hromádko et al. 2011; Soo-Young 2011; Imran et 
al. 2013, Pexa et al. 2013). So far, min. studies have 
dealt with material aspects of partial components of 
combustion engines which the fuel goes through. A 
great attention is devoted to the use of biofuels in en-
gines at present, however, also the sealing elements 
which are the part of the fuel systems have to be ob-
served at the implementation of the biofuels for se-
curing an optimum function of the engine.

Elastomers are one of the main group of materials 
used for a manufacture of seals. Elastomers exhibit 
good flexibility and chemical resistance (Müller 
et al. 2015). The good flexibility of sealing elements 
can be eliminated by the influence of various fuels 
(Müller et al. 2015). The elastomer material is not 
entirely resistant to the fuels (Bafna 2013). 

The O-ring is one of the basic and the most of-
ten used sealing elements (Bafna 2013; Richter 
2014).

The aim of the research was to determine an influ-
ence of various concentrations of rapeseed methyl 
ester (RME) on a change of mechanical properties 
of sealing O-rings made from polyacrylate elasto-
mer (an indication ACM). The permanent defor-
mation – compression set CS, the tensile strength 
TS and the elongation Eb after the exposure to the 
tested environment for the time of 20 months were 
evaluated within the research.

MATERIAL AND METHODS

In the automotive industry, O-rings (13 × 1.9 mm)  
of the ACM type (polyacrylate elastomer) are 
mainly used. It is a durable elastomer (Müller et 
al. 2015). Sealing O-rings of the ACM type were 
used in the study as they are resistant to fuels, lu-
bricants and various other ingredients. 

Sealing O-rings were put into the diesel oil and 
RME (20, 40, 60, 80 and 100%) for the time of 
20  months (Fig. 1). The seals provided by a man-
ufacturer which were not exposed to the envi-
ronment degradation (ethalon) were also tested. 
Within the research the changes in the permanent 
deformation CS, the tensile strength TS and the de-
formation Eb were evaluated. 

The permanent deformation CS was measured 
with respect to a modified standard ISO 815:2000. 
The modification of the standard considered the 
use of standard real sealing rings as well as the time 
of the loading.

Measurements were performed on an electro-
mechanical testing machine MPTest 5.050 manu-
factured by the Czech company LaborTech. The 
equipment complies with the EN 7500-1:2004 re-
quirements for Class 0.1. The crosshead position 
is detected with an accuracy of 0.001 mm. The ex-
periment was performed as follows: 

The O-ring 13 × 1.9 was firstly compressed by a 
speed of 0.03 mm/s, the height of h1 = 1.425 mm. 
This compression corresponds to about 25% of 
strain. During this deformation the O-ring was left 
for the loading for 30 min and then again the load 
was relieved by a speed of 0.03 mm/s.

The height h0 of the O-ring was determined by a 
crosshead position before the steep increase of the 
deformation force. The speed of the deformation 
force was 1 N/mm. The reason for this was a more 
moderate force increase, which appeared in some 
O-rings when a touch of the platen did appear. 
This situation was caused by a non-planar shape of  
O-rings which was caused by the exposure of O-
rings to biofuels. The height h2 was determined by 
the crosshead position when the loading force has 
fallen to zero. Then it is possible to calculate the 
value CS:

CS =
h0 − h2
h0 − h1

× 100% 	  (1)

where: CS – permanent deformation – compression set 
(%); h0 – initial height of O-ring (mm); h1 – height in state 
of compression  (mm); h2 – height after release (mm)

The measurement of the compression set of  
O-rings is shown in Fig. 1.

The tensile properties of the rubber were deter-
mined by a modified standard ISO 37:2012 Rub-
ber, vulcanized or thermoplastic – Determination 
of tensile properties. The modification consisted in 
testing of already produced O-rings.

The tensile strength TS was calculated according 
to the formula (Eq. 2). The max. tensile strength Fm 
was detected from the recorded tensile tests per-
formed on the test machine MPTest 5050. The load 
speed of the crosshead was 100 mm/min. The wire 
hooks with a diameter of 2.9 mm were used for 
clamping of the O-rings.

116

Vol. 63, 2017 (3): 115–120 Res. Agr. Eng.

doi: 10.17221/55/2016-RAE



TS =
Fm
2× h0

2

4
⎛

⎝⎜
⎞

⎠⎟
	  (2)

where: TS – tensile strength (MPa); Fm – max. tensile 
force (N); h0 – initial height of O-ring (mm)

The Elongation Eb was calculated by the Eq. (3):

Eb =
Cb −Cj( )
Cj

×100% 	  (3)

where: Eb – elongation (%); Cb – final inner circumfer-
ence of O-ring (mm); Cj – initial inner circumference of 
O-ring (mm)

The initial inner circumference of the O-ring was 
calculated from the inner diameter of the O-ring, 
which was determined from a distance of the hooks 
in a tensile test in the moment when the measured 
force began to grow. The final inner circumference of 
the O-ring Cb may be calculated using the formula (4), 
where the diameter of the wire hook is 2.9 mm:

Cb = π × 2.9 + 2 × 2.9 + 2 × Lb 	 (4)

where: Cb – final inner circumference of O-ring (mm); 

Lb – distance of hooks when breaking O-ring (mm)

A measurement of the tensile properties of the  
O-rings is shown in Fig. 1.

Statistical hypotheses of the measured data sets 
were also tested by the programme Statistica. Valid-
ity of the null hypothesis (H0) shows that there is no 
statistically significant difference (p > 0.05) among the 
test data sets. Conversely the hypothesis H1 negates 
the null hypothesis, which means that there is a statis-
tically significant difference or a dependence between 
variables (p < 0.05) between the test data sets.

RESULTS AND DISCUSSION

The results of the tests aimed at assessing the 
compression set are shown in Fig. 2a. It is evident 
from the results that different fuels (concentra-
tions) change the compression set of O-rings.

It is obvious from the experiment results that 
the diesel oil and various concentrations of RME 
fuel decrease the permanent deformation of the  
O-rings. It is a positive influence owing to the func-
tion of the O-rings sealing. It is stated in literature 
dealing with the rubber sealing elements that high-
er values of permanent deformation are consider-
ably negative (Tuckner 2001). The experiment 
results confirmed the conclusions of the test with 
O-rings exposed to the diesel oil and 20% RME for 
20 months (Müller et al. 2015).

When comparing the ductility of O-rings to-
wards the etalon (21.02 ± 0.76%) the permanent 
deformation was always decreased. The fall of 
the permanent deformation ranged in the inter-
val 12.46 to 53.28%. The fall was of 13.46% at the 
diesel oil. A more significant fall of the permanent 
deformation CS occurred at RME. At the concen-
tration of RME in the interval 20 to 80%, the fall of 
the permanent deformation was ca. 33 to 40%. The 
most significant fall of the permanent deformation 
of CS occurred at 100% concentration of RME, i.e. 
CS 9.82 ± 1.09%.

In terms of the statistical testing it is possible to 
say that the etalon and the fuels are non-homo-
geneous groups, i.e. there is a difference among 
the tested fuels and the etalon. P = 0.0000 at the  
O-rings of the dimension 13 × 1.9 mm. The hypoth-
esis H0 was not certified, i.e. there is a difference 
among single tested variants of the experiment in 
the significance level 0.05.

Fig. 1. Measurement of O-rings  of 13 × 1.9 mm
A – positioning of O-rings in the tested medium; B – measure-
ment of tensile properties TS; C – measurement of compres-
sion set CS
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In terms of the impact of various fuels (the diesel 
oil, different concentrations of RME) on the per-
manent deformation – for compression set CS of 
the O-rings the F-test results are as follows: the hy-
pothesis H0 was not confirmed (P = 0.0000), i.e. the 
difference can be identified among the tested vari-
ants in 0.05 level of the significance.

The results of tests aimed at assessing the tensile 
strength and the elongation are shown in Fig. 2b 
and 2c. It is obvious from the experiment results 

that the diesel oil and various concentrations of 
RME fuel decreased the tensile strength and the 
elongation. The decrease is a negative aspect owing 
to the sealing function of O-rings.

The fall of the tensile strength always occurred at 
all tested fuels when comparing the tensile strength 
of the O-rings to the etalon (14.08 ± 0.62%). The 
fall of the tensile strength ranged in the interval 
5.62 to 16.19%. The fall of 15.34% occurred at the 
diesel oil. 

Fig. 2. Results of permanent de-
formation – compression set CS 
(a), tensile strength measurement 
(b) and elongation (c)
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The fall of the elongation always occurred at all 
tested fuels when comparing the elongation of the 
O-rings to the etalon (390.80 ± 28.36%). The fall 
of the elongation ranged in the interval 18.07 to 
29.63%. The fall was of 20.37% at the diesel oil. 

In terms of the statistical testing of the tensile 
strength it is possible to say that the etalon and 
the fuels are statistically homogeneous groups, i.e. 
there is no difference among the tested fuels and 
the etalon. P = 0.0796 at the O-rings of the dimen-
sion 13 × 1.9 mm. The hypothesis H0 was certified, 
i.e. there is no difference among single tested variants 
of the experiment in the significance level 0.05.

In terms of the statistical testing of the elonga-
tion, the fuels and the etalon are statistically non-
homogeneous groups, i.e. there is a difference 
among tested fuels and the etalon. P = 0.0002 at the 
O-rings of the dimension 13 × 1.9 mm. The hypoth-
esis H0 was not certified, i.e. there is a difference 
among single tested variants of the experiment in 
the significance level 0.05. 

The experiment results confirmed the conclu-
sions of the test with the O-rings exposed to the 
diesel oil and 20% RME for the time of 20 months 
(Müller et al. 2015). 

From the measurement results, it was possible to 
determine  the equations describing the influence 
of the concentrations 20 to 100% of RME on the 
elastomer sealing for fuel systems. The Eq. (5) de-
scribes the influence of the RME concentration on 
the permanent deformation – compression set CS. 
The Eq. (6) describes the influence of the RME con-
centration on the tensile strength TS. The Eq. (7) 
describes the influence of the RME concentration 
on the elongation Eb.

CS = –0.0209RME(%) + 13.958	 (5)

TS = –0.0162RME(%) + 13.76	 (6)

Eb = –0.553RME(%) + 328.74	 (7)

where: CS – permanent deformation – compression set 
(%); TS – Tensile strength (MPa); Eb – elongation (%); 
RME(%) –  concentrations of rapeseed methyl ester (%)

CONCLUSION

The following conclusions can be deduced from 
the results of the experiment aimed at determining 
the changes in mechanical properties of the seal-

ing O-rings of the ACM type influenced by various 
fuels:
– The fall of the tensile strength TS in the interval 

ca. 6 to 16% was proved depending on the type 
of the fuel. No statistical influence was proved 
among the etalon and the tested fuels in terms of 
the statistical testing. 

– The fall of the elongation Eb in the interval ca.  
18 to 27% was proved depending on the type 
of the fuel. No statistical influence was proved 
among the etalon and the tested fuels in terms of 
the statistical testing.

– The fall of the permanent deformation – com-
pression set CS in the interval ca. 13 to 53% was 
proved depending on the type of the fuel. A sta-
tistical influence was proved among the etalon 
and the tested fuels in terms of the statistical 
testing.

– The increased negative influence of various con-
centrations of RME (20 to 100%) on the tested 
properties of the sealing O-rings compared with 
the diesel oil complying with the standard EN 
590 was not proved. So no significant negative 
influence of degradation aspects on the tested 
properties of the O-rings of the ACM type (po-
lyacrylate elastomer) was proved. 
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