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Broad Range of Solutions
Elastomer Testing
Physical tests
•	 Identity verification
•	 Dimensional inspection
•	 Hardness test (IRHD-M, ShA)
•	 Compression set at elevated and low temperatures
•	 Compressive stress relaxation
•	 Tensile set
•	 Tensile tests
•	 Tear propagation strength
•	 Compatibility tests
•	 Heat aging
•	 TR10 test audit preparation.
•	 Rebound elasticity
•	 Electrical properties of elastomers
•	 Ozone resistance
•	 Thermogravimetric Analysis (TGA)
•	 Differential Scanning Calorimetry (DSC)
•	 Dynamic Mechanical Analysis (DMA)

Chemical analytical tests
•	 Extraction
•	 Infrared spectroscopy
•	 Pyrolysis GC-MS
We test according to the current standards (DIN, ISO, ASTM) and are accredited for most 
processes. For test methods that are not listed here, please contact us.

Failure Analysis
We carry out failure analyses on all elastomer seals and components.

Seminars
We offer seminars on various topics, such as elastomer materials, O-ring sealing systems, 
failure analysis or testing of elastomer seals.
These seminars or topic complexes according to your needs can also be held as in-house 
seminars (in English and German).

Consultation
We consult you in all questions to the application and design of rubber seals and the  
preparation of audits.

Other Services
•	 Sorting according to specified tolerances
•	 Visual inspection
•	 Approved testing laboratory according to DVGW
•	 Conformity tests according to S3A Sanitary Standards
•	 Conformity tests according to ISO 3601-5
•	 Conformity tests according to automotive specifications 
•	 Refrigerant compatibility tests
•	 Blow-by gas resistance tests 
•	 Lifetime tests according to Arrhenius
•	 Tests on hoses
•	 Conformity tests according to DIN EN ISO 9539

DICHT!digital: For further information on 
the services of the O-Ring Prüflabor 
Richter

DICHT!digital: For further information  
on failure analysis

DICHT!digital: For further information on 
seminars

DICHT!digital: For further information  
on consultations

DICHT!digital: For further information  
on other services

https://www.o-ring-prueflabor.de/en/services/
https://www.o-ring-prueflabor.de/en/services/failure-analysis/
https://www.o-ring-prueflabor.de/en/seminars/
https://www.o-ring-prueflabor.de/en/test-laboratory/customer-support-and-consulting/
https://www.o-ring-prueflabor.de/en/applications/
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Perhaps you or one of your colleagues 
have already made such a statement 
about the purpose of examinations. Yes, 
the testing of elastomer materials and 
seals is a very large field that is difficult for 
a newcomer to enter, but even a more ex-
perienced seal user can quickly lose himself 
in it.

This special edition includes all nine episo-
des of a series of articles written by us 
which appeared in the magazine “DICHT!” 
over a period of almost three years.

The range of test methods presented here 
does not claim to be exhaustive, nor does it 
claim to include a comprehensive „in-
depth approach“ to the respective test pro-
cedures. Rather, this copy should give the 
practitioner a quick and easily understand
able insight into important test methods 
and create interest for more. In the digital 
version of this compilation you will also 
find further links to our website. In the case 
of specific problems, you can find further 
in-depth information on many different 
subjects.

„I‘ve commissioned an expensive 
investigation, but how does all this 
data help me with my problem?“

With these relatively short articles we have 
tried to compromise scientifically correct 
reproduction and user-relevant reduction 
with the essential. In addition to constantly 
improving the reproducibility of our tests 

and therefore the reliability of the test  
results, it is just as important to us to  
support our customers in solving problems, 
advising them and making our test results 
transparent and explainable. Our extensive 
seminar and publication activities also  
reflect this.

This series of articles start with the most fre-
quently discussed testing method of rubber 
materials, the hardness measurement, follo-
wed by the compression set/tensile set test 
and the tensile test. Furthermore, the heat 
aging of elastomers is introduced, and the se-
ries ends with the increasingly important phy-
sical and chemical analytical test methods for 
elastomers, such as FTIR or TG analysis.

It is now up to you to evaluate whether we 
have succeeded in presenting these articles 
in a compact and informative way. We 
hope you enjoy reading them and have 
many „Aha“ experiences. We would be  

pleased to further discuss this with you in 
order to be at your disposal as your elasto-
mer specialist.

Sincerely

Bernhard Richter 

Founder and Managing Director, 
O-Ring Prüflabor Richter GmbH,  
Großbottwar , Germany

   More Information about 
   Bernhard Richter

Background to cover picture:
A lot started with this: A rubber ball from my 
youth that I had found again decades later 
after outdoor weathering - a prime example 
of aging.

(Picture: O-Ring Prüflabor Richter GmbH)

mailto:bernhard.richter%40o-ring-prueflabor.de?subject=
https://www.o-ring-prueflabor.de/en/test-laboratory/bernhard-richter/
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damage. A soft material (50 ShoreA / 
IRHD-M or less) deforms more easily 
and can better seal surface defects, e.g. 
a partition line in a plastic molded part. 
Therefore, the choice of the nominal 
hardness determines to a certain extent 
the functionality of a gasket.

•	 „Hardness cannot be assumed to be a 
close measure of stiffness. It is true that 
hardness and stiffness are both stress-
strain relationships but the relation-
ships are established for two entirely 
different kinds of deformation. Hard-
ness measurements derive from small 
deformations of the entire mass. Be-
cause of this difference, hardness is not 
a reliable measure of stiffness. Even if 
hardness and stiffness did have a better 
correlation, the irreducible five-point 
variation in durometer readings would 
be equivalent to a 15 to 20% variation in 
stiffness as measured by a compression-
deflection test. Hardness measure-
ments would not, therefore, be sufficici-
ently accurate for design purposes.“ [2] 
The hardness values on O-rings, for ex-
ample, provide only a rough indication 
of the resistance to gap extrusion; 
further valuable indications of resis-
tance can be derived from a tensile test 
using stress values and strength values.

•	 Hardness can only be regarded as a ma-
terial parameter if tests are carried out 
in accordance with standards, which 
means on test plates.

•	 For finished part tests, deviations from 
the standard hardness may occur due to 
the geometry. For molded parts, it must 
be decided at which point the measure-
ment will be carried out. Technical lite-
rature also contains formulas for calcu-
lating the „true hardness“. However, 
these can only be used in practice to a 
limited extent or with the respective 
specialized knowledge. In practice, it is 
particularly important to ensure that 
the test specimen has plane-parallel 
spots. If necessary, profile cuts can be 
made from finished parts. If the prere-

cone. The Shore hardness results from the 
penetration resistance. Due to this technical 
condition it was possible to build handy po-
cket measuring instruments, which were 
among other things a reason for the large ac-
ceptance of this test method in practice.

Better for finished products is usually a mea-
surement of the micro-hardness in IRHD-M 
»1, since a much smaller indenter (ball) is 
used. The indenter is loaded with a constant 
force (total force applied to the ball is 153.3 
±1 mN). The ratio between penetration depth 
and degree of hardness is not linear.

»2 compares the two different test methods 
Shore A and IRHD, Micro. Test results from 
the two different test methods mentioned 
above should not be compared and cannot 
be converted to each other by a formula, for 
example. Therefore, in practice, the desired 
degree of hardness with ± 5 hardness points 
are chosen very generously, so that the 
ShoreA hardness on the test plate as well as 
the Micro IRHD measurement (=IRHD-M) on 
finished parts are still within this wide hard-
ness range (± 5). Due to this large tolerance, 
the hardness test method is only suitable to a 
limited extent for describing the consistency 
of a compound or the quality of an O-ring or 
seal.

Practical Relevance
For many users, hardness is the only material 
test at all that is carried out, which is why de-
viations from the target value are often eva-
luated too highly. For this reason, the fol-
lowing article will clarify why and when hard-
ness testing is important and in which areas 
it does not help:
•	 The hardness gives a reference value for 

the deformation behavior of the materi-
al. A hard material (90 ShoreA / IRHD-M) 
has a higher resistance to gap extrusion 
at high pressures (> 70 bar), and also of-
fers greater protection against assembly 

MEASUREMENT AND TESTING TECHNO-
LOGY – To ensure the function of a seal, it 
is subjected to various measuring and tes-
ting procedures along with the respective 
seal materials. But what can be achieved 
by the individual methods and what are 
the limits? This series provides designers, 
purchasers and quality managers with an 
overview of the usual procedures and 
practical tips for classifying outcomes.

Hardness is defined as the resistance that a 
body sets against a harder penetrating body. 
The force of the indenter is usually determi-
ned in advance. In the case of metals, the 
hardness is assessed after removal of the  
indenter on the basis of the permanent plas-
tic deformation. In the case of elastomers, 
most of which exhibit elastic behavior, the in-
dentation depth of the indenter is measured 
during the test [1].

Test Methods
The most common method for testing vulca-
nized elastomer compounds and articles is 
Shore A hardness (» 1). This test method was 
developed in 1915 by the American Albert L. 
Shore. This test is carried out with a truncated 
cone as indenter and is actually only permit-
ted for tests on test plates. If certain require-
ments are met – which will be discussed in 
the following article – ShA hardness tests can 
also be carried out on finished parts. The test 
force is generated by a spring and depends 
on the penetration depth of the truncated 

Limitations and Possibilities  
of Test Methods

The Hardness Test – Important, but often overrated 
from DICHT! 4.2014

»1 Hardness test (method IRHD-CM) on an O-ring 
(Picture: O-Ring Prüflabor Richter GmbH)
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Conclusion
Hardness is a valuable test feature but should 
always be combined with other tests during 
quality testing, for example with density and/
or compression set. In practice, the signifi-
cance of the hardness value is often signifi-
cantly overestimated.

Literature
[1] Cf. Röthemeyer, F. und Sommer, F., Kautschuk-
technologie, Hanser-Verlag, München, Wien, 2001, 
pg. 490
[2] Smith, L.P.: The Language of Rubber, Butter-
worth-Heinemann, Oxford, 1993, pg.12 f.
Test standards used
ISO 48-2, Method M (Edition 2018-08), 
DIN ISO 48 (Edition 2016-09), 
ISO 48-4 (Shore A) (Edition 2018-08),
DIN ISO 7619-1 (Edition 2012-02),
DIN EN ISO 868 (Edition 2003-10), 
ASTM D1415 (Edition 2006, reapproved 2012), 
ASTM D 2240 (Edition 2015)

quisites for reproducible measurements 
are fulfilled on certain finished parts, 
the hardness testing method is a simple 
and effective method of material tes-
ting.

•	 As a finished part test, hardness offers a 
simple way of compound identification 
if it is evaluated together with other 
tests (e.g. density).

•	 Hardness measurements only give a 
very rough indication of possible under-
cure. Therefore, hardness is not an effec-
tive measure to ensure a sufficient de-
gree of vulcanization. This is often mis-
takenly assumed. 

•	� The hardness test is clearly worse than 
other measuring methods with regard to 
the measuring equipment capability. 
Therefore, a deviation from the nominal 
value does not necessarily represent a  
significant reduction in quality. This can 
only be reliably assessed in combination 
with other tests (e.g. by the compression 
set or the tensile set). Detailed informa
tion can be found in the appendices to 
the respective standards.

»2 Comparison of the Shore A and Micro-IRHD 
test methods in the same ratio. This shows the 

sensitivity of the test device for Micro-IRHD 
testing. For instance, special care must be 

taken that the test ball does not break off, as 
this only leads to slightly altered test results 

and is therefore often detected too late. 
(Picture: O-Ring Prüflabor Richter GmbH)

The Compression Set Test – Simple and Significant 
from DICHT! 1.2015 und 3.2015

Elastomers are not ideally elastic materials. 
For example, if a seal is deformed for a long-
time span, it will not return completely to its 
original shape after the applied deformation 
is removed. If this deformation takes place 
with applied heat this effect is particularly dis
tinct even if the temperature limit – typical for 
the given polymer – is not exceeded. In the 
standard test of compression set, an elasto-

mer test piece with exactly defined dimensi-
ons is compressed to a predetermined per-
centage (usually 25%) in a special device and 
placed in the stressed state for a certain time 
(often 24 hours) to a laboratory oven. After the 
stress is removed (= release of the deforming 
force), the remaining height is measured, and 
the compression set in percent is calculated. 
This article deals with the testing of compres-

sion set only at elevated temperatures, with 
the discussion and evaluation of results as 
well as their meaning for practical applica-
tions. The test standards used are ISO 815-1 
(edition 2019-11) and ASTM D395 (edition 
2018). Compression set test is a relatively sim-
ple but also a diagnostically conclusive tes-
ting method that is performed for various 
purposes.

DICHT!digital: Expert Knowledge Testing 
methods – Hardness

DICHT!digital: Identity tests Hardness 
and density

DICHT!digital: 100 years Shore A

https://www.o-ring-prueflabor.de/files/expert_knowledge_-_hardness_test_05_2014_.pdf
https://www.o-ring-prueflabor.de/files/expert_knowledge_-_identity_verification_03_2014__.pdf
https://www.o-ring-prueflabor.de/files/expert_knowledge_-_100_years_heat_aging_after_geer_11_2016_.pdf
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quired. However, the great practical signifi-
cance of these standards is that the degree of 
cross-linking of finished parts can be tested 
and the vulcanization process of the finished 
parts can be evaluated. Both standards, how-
ever, only describe the compression set test 
on standardized test specimens, but not on 
real seals such as O-rings. The latter can also 
be subjected to a compression test, but the re-
sults can only be compared with the values 
determined on standard specimens for short-
term tests (24 h) as long as the test tempera-
ture does not exceed the permissible maxi-
mum 1,000 h continuous temperature load li-
mit of the material. This can be confirmed by 
numerous laboratory results. For instance, in 
the case of longer-lasting compression set 
tests on O-rings (from 70 h), an influence of 
the seal geometry is noticeable. 

ISO 815-1 in its currently valid version of No-
vember 2019 deals with compression set tes-
ting at elevated temperatures, while Part 2 of 
this standard describes compression set 
measurement at low temperatures. The re-
commended compression of specimens de-
pends on their hardness. For elastomer speci-
mens in the hardness range from 10 to 80 
IRHD, a compression of 25 ± 2% is prescribed, 
for 80 to 89 IRHD 15 ± 2% and for 90-95 IRHD 
10 ± 1%. There are two different types of spe-
cimens: 
•	� Type A (Ø = 29 mm ± 0.5 mm x h =  

12.5 mm ± 0.5 mm) 
•	� Type B (Ø = 13 mm ± 0.5 mm x h =  

��6.3 mm ± 0.3 mm) 
If no test plates with the required heights are 
available, layering of a maximum of three lay-
ers is permitted. „The larger size [of disc test 
pieces] is preferred for low set materials be-
cause of the greater accuracy.“ [3] However, 
this means that the ratio of free surface to 
mass is no longer comparable with typical fi-
nished parts such as O-rings. In the case of 
large specimens, relatively little mass comes 
into contact with the ambient air, which al-
lows only limited aging at high temperatures. 
There is then the danger that the results ob-
tained will be much better in aging and rela-
xation resistance of elastomer materials than 
what they actually are on real seals.

The specimens are compressed at room tem-
perature (23°C). The standard also provides 
precise information on test duration, test 
temperatures, sample pretreatment and re-
quirements for the laboratory oven. Particu-
lar attention must be paid to the end of the 
test. A distinction is made between three me-
thods:

involves the use of simplified Arrhenius mul-
tiplicators (rule of thumb: 10 degrees Kelvin 
temperature increase = doubling of the reac-
tion rate of aging). Then, when the finished 
part is tested using the isothermal substitute 
service conditions (time/temperature) it is 
possible to represent the application fairly 
close to reality by a laboratory test.

Determination of Information 
Regarding Long-Term Behavior
At first glance, it may seem that test times for 
compression set measurements between  
6 and 18 weeks cannot provide any informa-
tion about the long-term behavior of seals 
over the entire service life of a product, requi-
red to fulfill its sealing effect for years and so-
metimes even decades. However, if the long-
term compression set behavior of the fini-
shed part is known for at least two, ideally 
three different temperatures, and if the high-
est test temperature still permits unrestricted 
aging, that is not delayed by geometric ef-
fects, – e.g. by the large cord thickness of an 
O-ring, which continues in a detailed expla-
nation in the following chapter – then service 
life straight lines can be determined [1]. This 
article deals only with the compression set in 
hot air. In some cases, however, a more de-
tailed prediction for practical application can 
be obtained by additionally determining a 
compression set in a liquid test medium (e.g. 
engine oil, gear oil, etc.) [2]. This is a trend in 
newer specifications, especially among ve-
hicle manufacturers.

Important, Currently Valid 
International Testing Standards 
for Compression Set Testing
There are various international testing stan-
dards for determining compression sets. The 
two most frequently used standards are ISO 
815 and ASTM D395. As with other material 
standards, the primary objective is to determi-
ne a specific material characteristic to descri-
be the property of a given formulation. For 
this purpose, certain standard specimen is re-

Comparative Evaluation of a Formulation
The compression set should permit a compa-
rative evaluation of a formulation (recipe), 
which means that the compression set value 
represents as a measurable material charac-
teristic the performance potential of the for-
mulation in data sheets. For this purpose, the 
testing times 22+2 h or 70+2 h according to 
ASTM D395B are often used. The test for this 
is performed on standard test pieces (usually 
the test piece B of the ISO 815 with the di-
mension approximately Ø13x6 mm). In many 
cases the found value of compression set 
may indirectly give the answer as to what 
cross-linking system was used.. 

Testing of Finished Parts
The greatest practical importance of the tes-
ting of compression set pertains to the tes-
ting of finished products, in particular with 
O-rings. It is not only about determining the 
formulation-specific characteristic value as 
shown in material data sheets but being able 
to provide a clear statement about the state 
of cure of the finished part. However, the 
compression set gives barely sufficient state-
ment about viscoelastic properties of the 
material. If the compression set value is not 
10 to 30% higher than the formulation-speci-
fic characteristic value for 24-2 h (testing 
temperature = permissible 1,000 h-conti-
nuous temperature), it can be assumed that 
the state of cure is acceptable. Orientation 
values for a finished part (common industrial 
standard or good state-of-the-art) are shown 
in »3 . 

Verification of the Suitability for 
Application Technology
The testing of compression set should fur-
nish the proof of the suitability of a material 
for the application technology. If the service 
life-temperature collective of the application 
is known, it is possible to determine the iso-
thermal substitute service conditions  
(= chronologically shortened thermal service 
conditions at a constant temperature). This 

»3 Excerpt from ISO 3601-5 (published 2015-04-01) [4] (Picture: O-Ring Prüflabor Richter GmbH)

Übersetzungshinweise für Tabellen im engl. Sonderdruck 

der DICHT! (Prüfmethoden):

S. 6 oben Tabelle >>3:

Der Inhalt der neu zusetzenden Tabelle kann wie folgt übersetzt werden:

Base polymer NBR HNBR FKM VMQ EPDM ACM Test

method
Curing

system

Cured

with sulfur

Cured with

peroxide

Cured

with sulfur

Cured with

peroxide

Hardness 

IRHD
°, CM 70 90 75 90 75 90 70 75 80 90 70 70 80 70 80 70

ISO 48

CM

Max. CS

24(+0/-2)h
% 35 35 30 30 40 50 25 25 25 30 35 30 35 30 30 40

ISO

815-1,

method

A

Testing

temperature
°C 100 100 100 100 150 150 200 200 200 200 175 100 100 150 150 150

S. 7 Mitte Formel

CS=
h
0
−h

1

h
0
−h

S

×100

S. 8 oben Tabelle >>7:
Der Inhalt der neu zusetzenden Tabelle kann wie folgt übersetzt werden (Achtung: Bei Test Method 

hat sich im Vergleich zur deutschen Version das Ausgabedatum der Norm geändert!):

Test

conditions

NBR

70 IRHD,M

[100 °C]

cured with

sulfur

NBR

90 IRHD,M

[100 °C]

cured with

sulfur

NBR

75 IRHD,M

[100 °C]

cured with

peroxide

NBR

90 IRHD,M

[100 °C]

cured with

peroxide

HNBR

75 IRHD,M

[125 °C]

HNBR

90 IRHD,M

[125 °C] Test method

max. CS [%],

72(+0/-2) h
40 40 40 40 40 45

ISO 815-1:2019-

11, Method A

max. CS [%],

336(+0/-2)h
60 70 50 60 60 70

ISO 815-1:2019-

11, Method A

Test

conditions

FKM

70, 75, 80

IRHD,M

[175 °C]

FKM

90

IRHD,M

[175 °C]

VMQ

70

IRHD,M

[175 °C]

EPDM

70 IRHD,M

[100 °C]

cured with

sulfur

EPDM

80 IRHD,M

[100 °C]

cured with

sulfur

EPDM

70, 80 IRHD,M

[125 °C]

cured with

peroxide

ACM

70

IRHD,M

[150 °C]

Test method

max. CS [%],

72(+0/-2) h
25 30 35 30 35 25 40

ISO 815-1: 2019-

11, Method A

max. CS [%],

336(+0/-2)h
40 45 55 60 60 40 50

ISO 815-1: 2019-

11, Method A
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•	 Method A requires the test fixture to be 
opened immediately after removal 
which practically means it’s still at test 
temperature. The specimens are then 
placed on a wooden base. 

•	 Method B requires cooling to room tem-
perature between 30 and 120 min. after 
the mold is opened. After another 30 ± 3 
min. the height is measured. 

•	� Method C requires that at the end of the 
test period the test fixture in the oven is 
opened and the specimens remain in 
the oven for another 30 ± 3 min. at test 
temperature for relaxation. Then the 
specimens are removed and after further 
30 ± 3 min. cooling at room temperature, 
the height is measured.

The best (meaning the lowest) compression 
set values are obtained with method C. The 
high temperature at relaxation causes a high-
er mobility of the molecular network and thus 
an easier return towards the original shape. 
The worst, meaning the highest compression 
set values are obtained with method B, be-
cause the specimens are cooled down to 
room temperature and only then relaxed.

Method B, with some minor modifications, is 
preferably used in the automotive industry. 
However, method B also sometimes leads to 
discussions due to widely differing values. 
This has to do especially with the method of 
cool-down. Good repeatability can only be 
achieved here if cooling is supported by a fan 
and the cooling time is determined so that - 
irrespective of the test temperature and the 
mass of the compression set plates - the labo-
ratory temperature of 23 °C ± 2 °C is always 
reached before the specimens are relaxed. 
There are particularly many discussions with 

customers in our testing laboratory when the 
set values are no longer reached. But even a 
relaxation temperature of the test specimens 
increased by 5 °C compared to the laboratory 
temperature can improve the result by more 
than 10%. »4 and 5 illustrate the different 
cooling and relaxation procedures of ISO 815-1 
(procedures A and B). According to ISO 815-1, 
the compression set is calculated as follows:

h0 = Original height of the specimen [mm]
h1 = Height of test specimen after 
	 relaxation [mm]
hS = Height of the spacer between the test
	  plates = compressed height [mm]
CS = Compression set [%]

The formula illustrates that an ideal elastic 
material would have a compression set of 0%, 
which means that the material springs back 
completely to its initial height. A purely plas-
tic material would have a compression set of 
100% (at test temperature). In practical appli-
cation this would be the worst case, whereby 
the seal stays in its deformed position and 
therefore has no residual sealing force. In 
some cases, this can even result in a value of 
over 100%, because the sample still cools 
down after relaxation and therefore shrinks 
before the reference value h1 is determined 
(Method A). In long-term compression sets, 
shrinkage can also be caused by plasticizer 
losses.

ASTM D395 (Edition 2016) deals with the de-
termination of compression set only at eleva-
ted temperatures. Part A deals with the de-

termination of the compression set under 
constant force. Since this method is not very 
common in Europe, it will not be discussed 
here.

Part B of ASTM D395 deals with deformation 
testing under constant compression. The re-
quired test specimen 1A is identical in its di-
mensions to the test specimen type A of ISO 
815-1, there are small differences only in the 
height of the test specimen 2B. However, the-
se differences are considered irrelevant to 
the result. It is more important for a resilient 
result that the compression is comparable, 
e.g. 25%. At first glance, there seems to be a 
difference in the test durations. While the 
ASTM requires a test time of 22 h, the ISO 
standard requires a test time of 24 h. Since 
the storage times cannot be kept to the mi-
nute in day-to-day laboratory practice, a tole-
rance is necessary. This tolerance is +2 h for 
ASTM and -2 h for ISO, so that there is again 
comparability between the two standards. 
The ASTM only provides one relaxation and 
cooling procedure that corresponds to me-
thod A of ISO 815-1. Concluding, it can be ob-
served that the results obtained using these 
two standards can be compared if the same 
test parameters (time, temperature, com-
pression and relaxation method) are used.

Test Device to Determine 
the Compression Set
Both test standards mentioned above also 
give precise instructions on the condition of 
the test device. Strong and rigid metal plates 
are required, which are screwed to the desi-
red height using spacers. Especially during 
compression set testing of silicones (VMQ) in 
the temperature range of 150 °C or higher, 
and of fluororubbers (> 200 °C), if the speci-

»4 ISO 815-1, Method A: Return measurement 30 min after relaxation 
(Picture: O-Ring Prüflabor Richter GmbH)

»5 ISO 815-1, Method B: Cool down to room temperature in the tense state, return 
measurement 30 min after relaxation, the method with the highest demands on 
the material (Picture: O-Ring Prüflabor Richter GmbH)
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mens are poorly tempered, the specimens 
may adhere to the test tool. When the tool is 
opened, the specimens are raised slightly 
and the results are falsified positively. In or-
der to prevent the specimens sticking to the 
mold, the use of lubricants is required in the 
standards. Another effect of the lubricants is 
to allow transverse deformation of the speci-
men. If this transverse deformation is hinde-
red, the stress state in the specimen changes, 
which can also influence the results indirectly.

Special attention should also be paid to the 
production of the test specimens. Typically, 
the specimens are punched according to ISO 
815-1 Type B (Ø = 13 mm) from 6 mm thick test 
plates. Depending on hardness and type of 
material, there is usually no right-angle cut-
ting edge to the contact surface. For this rea-
son, it has been decided to cut the test speci-
mens with a turning knife »6.

Performance Range of Important 
Elastomers According to ISO 3601-5
ISO 3601 Part 5 was developed under German 
project management. It replaces ISO 3601 
from 2002. ISO 3601 consists of five parts and 
deals with O-rings for sealing fluids in mecha-
nical engineering. It defines, among other as-
pects, diameters, tolerances, installation con-
ditions, quality criteria, support rings and fi-
nally material specifications for O-rings in ge-
neral industrial applications and the com-
pounds used for them. The latter compound 
specifications will be discussed in the fol-
lowing: Requirements for the finished O-ring 
product have already been cited. In the ISO re-
quirements for the materials, the influence of 
the hardness and the cross-linking system on 
the compression set are also taken into ac-
count. If these target values are achieved, the 
practitioner can be sure that a material will be 
obtained according to a good state-of-the-art. 
»7 [4] provides an extract.

Using the example of sulphur cross-linked 
NBR, the differences due to different hard-
ness become visible in the long-term com-
pression sets (336 h). A material with a high 
hardness usually results in an increase, which 
means worse compression set value, since 
hard elastomer compounds have a higher fil-
ler content. As a result, the polymer matrix, 
which is responsible for springback due to its 
cross-linking, has a lower proportion in the 
compound.

With EPDM, you can clearly see the variations 
generated by a different cross-linking system. 
Although the peroxide crosslinked EPDM is tes-
ted at higher temperatures than the sulfur 
crosslinked EPDM, it can achieve better com-
pression set values.

As important as individual material proper-
ties such as compression set may be, when 
evaluating this property, it should always 
also be considered which additional proper-
ties of the compound or finished part are of 
importance for the application. If, in certain 
applications, the compression set is actually 
the essential criterion for a reliable sealing 
function – which is the case for many O-rings 

– it should also be understood on which influ-
ences a good or low compression set value.

»6 On the right, the punched specimen is visible, on 
the left the cut specimen. In this case, the smallest 
diameter of the punched specimen (11.3 mm) 
deviates up to 13% from the nominal value (13 mm). 
(Picture: O-Ring Prüflabor Richter GmbH)

»7 The compression set values are specifications for formulations determined on type B test specimens (Ø 13 
mm x 6 mm). These specimens are cut or punched from test plates [4] (Picture: O-Ring Prüflabor Richter GmbH)

Influences of the Compression Set or the 
Degree of Cross-Linking Material 
Properties 
As mentioned above, the compression set is 
an indirect measure of the cross-linking den-
sity of a material. The cross-linking density 
has a major influence on various important 
properties of a seal.

Influences on the Compression Set Test 
Result 
The result of the compression set value can be 
influenced positively or negatively by many 
factors. Understanding the factors influencing 
the compression set results is important in or-
der to obtain consistent and reproducible 
measurements. This knowledge is particularly 
helpful if the measurement results are at the 
limit of a specification requirement.

Influences of the Specimen Geometry 
In »8 it becomes apparent that the O-ring 
with the lowest cord thickness (d2 = 1.78 mm) 
has the worst compression set values. The 
critical compression set value of 90% is 
reached after 205 h already. The best results 
are obtained with the O-ring with a cord 
thickness of 6.99 mm. The critical compressi-
on set value of 90% is only reached after 
1,300 h. This O-ring can best be compared 
with the dimensions of the type B specimen 
(Ø 13 mm x 6.3 mm) according to  
ISO 815-1. With this background it becomes 
clear that compression set values determi-
ned on standard specimens cannot be com-
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»8 Influence of cross section on compression set of NBR at 125°C (long-term compression set measure-
ments) (Picture: O-Ring Prüflabor Richter GmbH)

pared with O-ring values and are generally 
better than the values measured on real seals.

How can the results found above be explai-
ned theoretically? The speed of chemical re-
actions increases exponentially with tempe-
rature (Arrhenius equation), which means for 
aging by heat and oxygen that an O-ring only 
ages without restriction if it has sufficient 
contact with oxygen. If the ratio of free sur-
face to mass is determined by the geometry 
(= cord thickness), then the supply of oxygen 
is limited depending on the geometry. Com-
pression set long-term tests on NBRO rings 
have shown that this geometric influence at 
80 °C is not yet of any significance, but that a 
considerable influence is already discernible 
at 100 °C (approx. four times the oxygen re-
quirement compared to 80 °C) and that the 
influence at 125 °C is severe (approx. 25 times 
the oxygen requirement compared to 80 °C). 

However, Arrhenius‘ law only applies if there 
are always enough reaction partners availab-
le. Since the Arrhenius law shows that at  
100 °C the aging reaction takes place four 
times faster than at 80 °C, this will only hap-
pen if four times as much oxygen is available 
at 100 °C as at 80 °C.

At temperatures of approx. 20 °C to 25 °C 
below the permissible continuous tempera-
tures (1,000 h criterion) of O-ring materials, 
the influence of the cord thickness is very 
slight. For NBR these are temperatures up to 
approx. 80 °C, for peroxide cross-linked 
EPDM up to approx. 125 °C, for FKM up to ap-
prox. 175 °C and for VMQ up to 150 °C.

What do these findings mean in practice? In 
critical applications, an O-ring with a larger 
cord thickness is to be preferred - if the instal-
lation conditions allow it. In addition, com-
pression sets measured on standard test spe-
cimens must be critically questioned with re-
gard to their transferability to O-rings, if the-
se compression set values were determined 
at higher temperatures than those specified 
above.

Influence of the Percentage 
of Compression 
As already indicated in the presentation of 
the ISO 815-1 test standard, the compression 
of 25% ± 2% is the most common standard 
for determining the compression set. For har-
der materials, the compression is reduced ac-
cordingly. However, there are also specifica-
tions from various users of O-rings that also 
require higher compressions, such as 30%, 
40% or 50% (cf. VW specification PV3330).

Generally, it can be said that the compres
sion set results can improve with increasing 
compression (up to approx. 35 to 40%) and 
that on O-rings considerably worse results 
are achieved with compressions below 10% 
than with 25%. Therefore, the installation 
spaces for O-rings should also ensure that a 
minimum deformation of 10% is maintained. 
If the compression is too high, there is a risk 
of internal stress cracking at high tempera-
tures. This danger increases with increasing 
cord thickness. Therefore, critical deforma-
tions are significantly lower with thick cord 
thicknesses than with thin cord thicknesses. 
For O-rings with a maximum cord thickness 
of 6.99 mm, experience has shown that with 
normal hardness values (max. 90 ShoreA) 
and a compression of 25%, the risk of burs-
ting due to internal stress cracks is low, as 
long as the permissible continuous tempe-
ratures are not exceeded.

Influence of the Relaxation Temperature 
of the Test Specimen 
As shown in »4 und 5, ISO 815-1 allows three 
different relaxation methods (Section 7.5.2 
in the standard: Methods A, B, C): In method 
A, the test specimens are relaxed immedia-
tely after removal from the oven, whereas in 
method B, after removal from the furnace, 
the test specimens are cooled down to 
room temperature for 30 to 120 min. in the 
tense state. The latter method is the most 
demanding for an elastomer compound 
and usually provides the worst results. Ma-
terials that have a low elasticity at room 
temperature (e.g. fluorine and acrylate rub-
ber compounds) show large differences in 
the measured values between methods  
A and B. These materials spring back rela-

tively faster in the warm state than at room 
temperature [5].

For practical application, this means that mate-
rials with low elasticity at room temperature, 
or low temperatures, can only be used to a li-
mited extent in dynamic systems with large 
temperature fluctuations. At permanent high 
temperatures, their use is less problematic.

Influence of the Test Medium
Compression set tests in mediums often re-
sult in better compression set values than in 
pure ambient air contact. This has to do with 
the fact that the corresponding contact medi-
um protects the seal against oxygen and ra-
pid aging. In exceptional cases, however, the-
re are also contact mediums that are more 
corrosive than air, in which case the opposite 
is true. For practical application, this means in 
many cases that a seal which is submerged by 
a medium has a longer service life [6].

Influence of Specific Sealing Shapes on 
the Reproducibility of the Measurement
In order to obtain reproducible test results, 
exact test methods should be specified for 
more complex sealing geometries (meaning 
no O-rings), such as flange seals. It is advis
able here to precisely record the conditions, 
at which point the section to be tested is cut 
out of the gasket in the test plan and also to 
record the often-difficult positioning of the 
specimen in the fixture, for the incoming 
goods inspection. Either a special fixture 
must be procured for holding the piece to be 
tested, or a crossing point of three or four 
seal arms must be cut out, e.g. for flange gas-
kets, so that the specimen can stand securely 
and independently in the compression set 
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test fixture. Of course, sections from flange 
gaskets can also be tested lying flat, but pro-
blems often arise here due to holding studs, 
the concave shape, weld lines and the low 
height, which limits accuracy and reproduci-
bility. In general, it is recommended to deve-
lop such specific test plans in cooperation 
with the seal manufacturer. This will make 
communication easier when problems arise.

Influence of Processing
The properties of elastomer products are per-
manently influenced by the modular net-
work. On the one hand, a characteristic net-
work structure is created and on the other 
hand, the network density is also important, 
including the number of network bridges 
and their length [7].

This modular network is decisively depen-
dent on two factors - formulation quality on 
the one hand and processing quality on the 
other. These two properties combined are a 
measure of the service life quality of a gasket, 
which can be determined using the compres-
sion set.

Lifetime Quality (Compression Set) =  
Formulation Quality x Processing Quality

The multiplicative connection means that a 
high formulation quality, that is a good com-
pound, has no effect if an elastomer seal is 
not vulcanized under the right conditions du-
ring production. In contrast to optimally vul-
canized specimens from test plates, seals are 
often vulcanized within a fraction of the time. 
For this reason, data sheet information only 
provides information about the formulation 
quality, but not about the quality of the  
finished products. 

Today, many compounds are already comple-
tely vulcanized in the mold. However, the 
high cost pressure that exists everywhere 
causes the cycle time and consequently the 
vulcanization time to be shortened, cutting 
costs at the wrong end with sometimes fatal 
consequences. There are also compounds 
with longer vulcanization times, which can-
not be achieved economically during the in-
jection molding process. These seals are left 
in the mold until dimensional stability is 
achieved and then post-cured in special tem-
pering ovens. Since this additional process 
cannot be automated as easily as an injection 
molding process, there is a risk that it will eit-
her be forgotten or not carried out correctly. 
If this step is missing, the seal will most likely 
fail in practical use. With the help of the com-
pression set test, this defect can usually be 

easily detected and traced, but hardly ever by 
means of a hardness test, as this is too inaccu-
rate to indicate under-vulcanization.

Influence of Typical Variations on Test 
Results of Different Measurements 
In practice, variations in the range of ± 2% on 
standard specimens and ± 3% on finished 
parts (O-rings) are still within the measure-
ment uncertainty. It is common (but not stan-
dard) to specify compression set values with 
one decimal place. However, it is not advisab-
le to overestimate the significance of this de-
cimal place. For example, if a specification al-
lows a maximum compression set value of 
30% and a material is offered with a compres-
sion set value of 29% and another material 
with a compression set value of 25%, it is re-
commended to choose the latter, even 
though both meet the specification at first 
sight. This way, with the better compression 
set, there is a greater certainty that the speci-
fication requirements will also be met in the 
future.

Literature
[1] Richter, Bernhard: Lebensdauer von O-Ringen in: 
O+P „Ölhydraulik und Pneumatik“, Vereinigte 
Fachverlage GmbH, Mainz, 42. Jahrgang, Nr. 5/1998 
[2] Richter, Bernhard: Beständigkeitsprüfungen von 
elastomeren Werkstoffen und Dichtungen in:
Kiefer, Sandra und Berger, Karl-Friedrich (Hrsg.): 
Dichtungstechnik Jahrbuch 2012, ISGATEC GmbH,  
Mannheim, 2011, pg.118 ff.
[3] Brown, Roger: Physical Testing of Rubber, 
Springer-Verlag, New York, 2006, pg. 213 
[4] International Organization for Standardization: 
Draft International Standard: ISO 3601-5 Fluid 
power systems – O-rings – Part 5: Specification of 
elastomeric materials for industrial applications, 
2014, pg. 4ff.
[5] Cf. Nagdi, Khairi: Gummi-Werkstoffe. Ein 
Ratgeber für Anwender, Dr. Gupta Verlag, Ratingen, 
2002, pg. 300
[6] Richter, Bernhard: Beständigkeitsprüfungen 
elastomerer Werkstoffe und Dichtungen in: Kiefer, 
Sandra und Berger, Karl-Friedrich (Hrsg.): Dichtungs-
technik Jahrbuch 2012, ISGATEC GmbH, Mannheim, 
2011, pg.118 ff
[7] Cf. Rahm, W.: Kurzzeitprüfverfahren für Gummi 
in der Qualitätssicherung in: KGK Kautschuk Gummi 
Kunststoffe, 48. Jahrgang, Nr. 9/1995, Hüthig-Verlag, 
Heidelberg, pg. 634

DICHT!digital:Long version of the article

(P
ic

tu
re

: ©
 ta

to
m

m
 –

 s
to

ck
.a

do
be

.c
om

)

https://www.o-ring-prueflabor.de/files/expert_knowledge_compression_set_06_2015_.pdf


DICHT!  

T E S T  M E T H O D S |   11

The tension set test, like the compression set 
test, is a way of obtaining information about 
the relaxation behavior and the crosslinking 
state of a specimen after a defined tempera-
ture load. In special applications and with spe-
cial sealing geometries, it is a helpful supple-
ment to the compression set test, which was 
presented in detail in the last two DICHT! issues.

The Tension Set Testing Procedure and 
Important Testing Standards 
In the tensile set test, the specimen is stret-
ched. In most cases this is a constant strain. 
The specimen is either a strip specimen, a 
strip specimen with widened ends (similar to 
a tensile test rod), or a ring. It is either a pure 
elongation in length (of the elastomer strip or 
shoulder rod) or a radial elongation, see »9 
with elongated O-rings. The elongation is 
usually 25% or 50% and according to a defi-
ned 
•	 Temperature stress (e.g. 24 h/150 °C) and 
•	 Cooling procedure (Here there are diffe-

rences to the compression set in the 
cooling procedure of method B.)

the specimen is relaxed again. The perma-
nent elongation or expansion is set in relation 
to the absolute elongation or expansion. The 
standard does not specify a standard length 
for the longitudinally expanded specimens. 
Usually, however, 50 mm [1] are used as the 
measuring length. The advantage of tension 
set specimens is that no additional holding 
clamps are required, since the specimen with 
widened ends can easily be suspended in the 
fixture. The length to be measured is then the 

distance between the clamping plates. For 
other specimens, such as dumbbell bars, the 
measuring length must then be marked with 
marking pens [2] in the initial state.

Since relatively short strip specimens usually 
are used and because in many cases no very 
large strains are measured back during tensi-
on set, accurate and exact measuring devices 
are absolutely necessary [1]. The change in 
length is measured with an accuracy of  
0.1 mm [3]. The result of the tension set corre-
lates approximately with that of the compres-
sion set test. The tensile set E4 in percent is cal-
culated according to DIN ISO 2285 as follows:

E4 = 100 x (L5-L1)/(L2-L1)

Defined as:
E4 = Tensile set (%)
L1 = �Unstretched initial measuring length  

(mm)
L2 = Stretched measuring length (mm)
L5 = �Measuring length after the recovery 

phase (mm)

The permanent deformation after the tensile 
set test is caused by similar effects as with 
the compression set. The tensile set is usually 
performed much less often than the com-
pression set. 

Advantages and Disadvantages of 
Tensile Set Testing Compared to
 Compression Set Testing
The tensile set test is applied almost exclusi-
vely with finished parts. For O-rings with very 

Tension Set Test – Insider Tip for Finished Part Testing
from DICHT! 4.2015

»9 Test mandrel with O-rings during tensile set testing (Picture: O-Ring Prüflabor Richter GmbH)

small cord thicknesses, the measurement 
uncertainty is lower here than with the com-
pression set test method. On many rod and 
piston seals as well as on radial shaft seals (on 
the sealing lip which is cut out) the tensile set 
test is the only way to measure the degree of 
cross-linking.

The procedure is simpler than compression 
set testing, a mandrel is easier to produce 
than plane-parallel plates and spacers. The 
method is therefore suitable for recurring di-
mensions if the right mandrel is already 
available.

The accuracy of tensile set tests is not always 
as high as compression set tests when non-
contact measuring machines for O-rings are 
not available. 
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During the tensile test, standardized test spe-
cimens (in most cases „dumbbell bars“) are 
clamped in a tensile testing machine and stret-
ched at a constant feed rate until they tear. Du-
ring this process, the course of the required 
force and elongation is recorded and a tensile 
elongation diagram is generated. Important 
individual parameters are tensile strength and 
elongation. The tensile test can also be carried 
out on many finished parts »10. 

The Purpose of Tensile Testing 
The tensile test provides practical benefits for 
the user under various aspects:

•	 Conclusions on mechanical strength - 
The results of the tensile test are in many 
cases of less interest to the designer at 
first glance, as elastomers are rarely sub-
jected to permanent tensile strain. How-
ever, it should not be overlooked that 
during the assembly process large ex-
pansions (> 100%) can occur. Also, a 
high elongation at break with highly 
compressed seals results in greater pro-
tection against stress cracking. It pre-
vents the gasket from bursting inside 
due to the high deformation. 

•	 Conclusions about the mixing and pro-
cessing quality of a material - According 
to Dick [1], the tensile test provides the 
quality assurance engineer with infor-
mation as to whether the compound 

has been thoroughly mixed and dis-
persed, whether there are impurities 
due to foreign particles such as dirt or 
paper, whether the material has been 
over- or under-cured or whether there 
are porosities. It is not always easy to 
identify whether problems are caused 
by poor compound quality or poor pro-
cessing quality (e.g. injection molding). 
Sometimes the tensile test is not conclu-
sive enough. Finally, it is important for 
the practitioner to understand that test 
plate compounds normally have better 
tensile strengths than production-scale 
compounds because the test plates are 
more thoroughly dispersed.

•	 Conclusions about the service life, me-
chanical and chemical resistance/load li-
mits of materials (aging) - In order to ob-
tain conclusions about the service life of 
materials, aged test specimens are com-
pared with new ones. Aging takes place 
either by air or specific test mediums 
(e.g. oils, fuels, hot water etc.) at eleva-
ted temperatures. Of primary interest 
here are the percentage changes in the 
test parameters tensile strength and 
elongation at break, which provide in-
formation about the network. The per-
centage changes indicate the extent to 
which the three-dimensional network is 
damaged. Long testing durations can 
also be used to simulate lifetime loads.

•	 Material characteristics for numerical 
calculations - In contrast to many other 
materials, the calculation of elastomers 
is a very complex field, since the ther-
moviscoelasticity of rubber materials 
and other important properties of a 
compound strongly depend on the reci-
pe and application temperature and are 
not easy to calculate and define. In order 
to obtain the material model of a com-
pound, a determination of the respecti-
ve material characteristics is necessary, 
depending on the application and the 
specific objective. The tensile test – in 
some cases with temperature chamber 

– is also one of several important test 
methods [2, 3].

•	� Conclusions on polymer-filler correla-
tions – The non-linear stress/strain curve, 
often with an inflection point, also 
shows the effect of the reinforcing fillers. 
While in the first, more strongly inclining 
part of the curve polymer chains are 
stretched and in the flattening part the 
partial detachment of the polymer from 
the filler can be seen.

Important Test Standards 
for Tensile Tests
In Germany, the most commonly used stan-
dards are ISO 37 (11-2017) and DIN 53504 (03-
2017), which define testing on standard spe-
cimens. 

For standardized test specimens, dumbbell-
shaped test pieces (shoulder bars) are most fre-
quently used. These are usually punched out of 
vulcanized elastomer test plates. ISO 37 defines 
five different test pieces, whereby types 2 and 
3 are most frequently used. The „Type 2“ is 
identical with the „S2 dumb-bell“ in DIN 53504 
and „Type 3“ with the „S3A dumb-bell“.

Both ISO 37 and DIN 53504 also define each 
two rectangular rings for tensile testing. 
However, these rings are almost completely 
replaced by the dumb-bell test pieces in 
today‘s testing routine. DIN 53504 also provi-
des information on the testing of O-rings, but 
only for O-rings with an inner diameter of 
34.8 mm or more. ASTM D1414, on the other 
hand, describes in great detail the testing of 
even smaller O-rings and is also used in the 
O-ring material standard ISO 3601-5.
The test speed specified in ISO 37 is 200 mm/

Tensile Test –Reflection of the Cross-Linking Network  
from DICHT! 1.2016 und 2.2016

»10 Tensile test on a micro O-ring with self-developed brackets 
(Picture: O-Ring Prüflabor Richter GmbH)
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min (for Type 3 and 4 rod test specimens) and 
500 mm/min (for Type 1, 1A and 2 rod test 
specimens). DIN 53504 requires a feed rate of 
200 mm/min for the dumbbell rods S2, S3 
and S3A and 500 mm/min for the larger rods 
S1 and S1A.

Important Characteristics from  
The Tensile Test and Its Significance for 
Practice [4]
The tensile strength σR is the force at the mo-
ment of tearing FR of the specimen, relatived to 
the initial cross section A0. It is given in  
N/mm2 or MPa. Low strength elastomers have 
values of < 5 N/mm2 (or MPa) and high strength 
elastomers have values of > 15 N/mm2. Values 
above 30 N/mm2 are possible for HNBR elas-
tomers. A related material characteristic is 
the tensile strength σmax This is the quotient 
of the maximum force Fmax and the initial 
cross section A0. For most elastomers, how
ever, the maximum force is identical to the 
force at the moment of tearing.

It should be noted that the terms tear 
strength and tensile strength are often used 
synonymously because: „...in the case of elas-
tomers (...) the force FR occurring during tea-
ring is generally also the maximum force Fmax 
if the tensile test is carried out at room tem-
perature (...) [5] »11.

In the case of elastomers, the elongation du-
ring the tensile test results in a strong reduc-
tion of the original cross-section. If one were 

»11 Tensile strain curve of an elastomer: The maximum force Fmax (= TS) is equal to the 
force FR (TSb) occurring during tearing [6].
E = elongation (%), Eb = elongation at  
break (%), S = stress,  
TS = tensile strength (N/mm²),  
TSb = tensile strength at break (N/mm²)
(Picture: O-Ring Prüflabor Richter GmbH)

»12 Dumb-bell test piece shortly before tearing. 
The extensometers are in contact with the test 
piece and measure its elongation.
(Picture: O-Ring Prüflabor Richter GmbH)

to calculate the stress with the cross-section 
at the moment of tearing, one would someti-
mes obtain result values up to ten times as 
large [7] »12. 

With elastomers, there is only a very small 
range in which Hooke‘s law applies. Rubber 
materials are almost always used in a range 
for which no single modulus of elasticity can 
be specified. Ecker [8] refers here to the „dif-
ferential modulus of elasticity E‘“. In the tensi-
le test it is therefore usual to specify the 
stress values at e.g. 100% or 200% elongation. 
According to DIN 53504, the stress value σi is 
the quotient of the tensile force Fi at a certain 
elongation and the initial cross section A0 [9]. 
Sometimes the earlier common term „modu-
le value“ (e.g. M100 for the stress value at 
100% elongation) can still be found, which is, 
however, incorrect for the reasons menti-
oned above.

One way of using the tensile test can be to 
determine the optimum degree of cross-lin-
king of a material. On the other hand, it is 
also important to know which external influ-
encing factors can significantly change or 
even falsify test results from the tensile test.

Influence of Specimen Production 
Attention must be paid to the production of 
the test specimen. Dumb-bell test pieces are 
punched out of 2 mm thick test plates. Du-
ring punching, the test plate is compressed 
before and during shearing, resulting in a 

concave geometry after relaxation. This ef-
fect particularly occurs with blunt punching 
tools. If such a test piece is examined in 
cross-section, it becomes apparent that a tip 
has formed at the beginning or end of the 
concave cutting edge. At this point, prema-
ture tearing usually occurs, which in our ex-
perience can worsen the test results by up 
to 10% »13.

Influence of Elevated Temperature
Generally, the tensile strength and elongati-
on at break of elastomers decrease with in-
creasing temperature. At high temperatures, 
the physical load limits of an elastomer mate-
rial decrease. 

Such tests provide indications of the load li-
mits of a material in real use, which usually 
takes place at elevated temperatures. In the 
case of compounds with a high filler content, 
the temperature influence is lower. »14 gives 
an overview of how tensile strength and 
elongation at break can change with increa-
sing hardness and temperature [10]. The 
sharp drop in both properties begins already 
at only slightly higher temperatures – still far 
from the real operating temperatures.

Influence of Changed Deformation Rate
In ISO 37 the test speed is specified at 100, 
200 and 500 mm/min. According to BROWN 
[11], a deviation of ± 10% from the test speeds 
required by the standards generally has a ne-
gligible effect on tensile strength.
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Test temp. FKM 55 ShA FKM 60 ShA FKM 75 ShA

Tensile strength 
[N/mm²]

23 °C 8,5 11,1 10,4

70 °C 3,0 4,6 5,4

120 °C 2,1 2,6 3,7

150 °C 1,8 2,2 3,3

Elongation at break
[%]

23 °C 282 236 231

70 °C 170 143 140

120 °C 116 99 84

150 °C 90 81 72

»13 Comparison of the cut surfaces on an S2 test 
piece: The upper dumb-bell was punched with a 
classic punching tool, the lower with a punching 
knife (Picture: O-Ring Prüflabor Richter GmbH)

»14 Influence of temperature and different hardness values on tensile strength and elongation at break of 
bisphenolic cured FKM compounds (Picture: O-Ring Prüflabor Richter GmbH)

Influence of the Specimen Cross-Section 
or Volume 
As early as 1948, HIGUCHI [12] and employees 
were able to demonstrate the correlation bet-
ween tensile strength and volume in tensile 
tests on various elastomer compounds (NR, 
SBR, etc.), while stress values and elongation 
at break are hardly influenced by this. NAGDI 
[13] describes the influence of specimen geo-
metry on tensile strength as follows: „In gene-
ral, the following rule applies: the larger the 
initial cross section or the larger the volume 
of the test specimen, the lower the tensile 
strength at break. This dependence can be 
explained by the number of flaws in the spe-
cimen. The smaller the volume of the speci-
men, the lower the probability that flaws are 
present.“

Iman NAZENI [14] presented an interesting stu-
dy on the influence of the thickness of the test 
pieces on the tensile test result at a lecture 
conference of the German Rubber Society in 
Berlin in 1960: He proceeded from the assump-
tion that the same skin from the roller was 
used for test plates of different thicknesses. 
During the further processing of this skin and 
the production of thin test plates, it is com-
pressed more at certain points than on others. 
Due to the higher pressure, microcracks from 
the manufacturing process can most likely be 
closed on the roller. The pattern of the cracks is 
then probably no longer statistically irregular, 
but depends on the thickness of the test speci-
men. This is shown by the higher strength va-
lues of thin test rods compared to thicker ones.

Influence of the Compound Composition
Especially when formulations with mineral, 
hydrophilic fillers are used, it is known that 
they show a significant decrease in strength 
after a short storage period (a few days) at 
room temperature due to humidity. This can 
be reversed by drying the samples (e.g.  
4 h/150 °C). For this reason, this is required in 

some test specifications. Especially on colo-
red compounds, this can explain considerab-
le differences in results depending on how 
much time has passed since vulcanization or 
after the last drying of the specimen.

Testing After Pre-Load: Mullins Effect
Normally, almost all tensile tests are carried 
out on unloaded specimens that have aged 
to a maximum in advance. In practice, howe-
ver, a seal is not considered to be unloaded 
shortly after its first use. And as a pre-loaded 
seal, it spends most of its service life.

In our case of the tensile test, it is about the 
influence of elongations of the material befo-
re the actual tensile test, meaning a preload 
of the material. If an elastomer specimen 
from a filled compound is pre-stretched, the 
stiffness decreases in the subsequent tensile 
test. This phenomenon was first discovered 
in 1903 by BOUASSE and CARRIERE and was 
extensively investigated and described by 
MULLINS in 1947. The reasons that lead to the 
Mullins effect can be both reversible and irre-
versible processes that cause changes in the 
polymer filler and cross-linking structure. In 
practice, knowledge of the Mullins effect is 
particularly important in the design and con-
struction of shock-absorbing elements that 
are subject to constant preloading (e.g. engi-
ne mounts). The material characteristic of the 
elastomer component can be changed by 
the preload via the Mullins effect [15]. When 
determining the spring stiffness of prefabri-
cated components, it is recommended to run 
several load cycles in order to be able to mea-
sure reproducibly. This prehistory must of 
course be recorded in the test documentati-
on [16].

Usual Accuracies for Tensile Tests
Towards the end of DIN 53504 there is a 
chapter dealing with the precision of the 
process. 

The results of interlaboratory comparisons, in 
which the O-Ring Prüflabor Richter regularly 
participates, show that there can be signifi-
cant differences between the tensile tests 
carried out. Some of the results showed diffe-
rences in tensile strength of ± 10%. Typical 
variations in tensile tests are between 2 and 
10% (standard deviation/average value) and 
can still be regarded as typical for rubber. 

The largest variance is usually obtained with 
the elongation values at break, the smallest 
variance is with small modulus values (e.g. 
100%). Hard materials (> 85 ShoreA) usually 
show significantly worse results than softer 
materials (50 to 70 ShoreA). If the variances 
exceed 15%, it is a clear indication of a manu-
facturing defect in the samples.
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In the case of elastomers, the term „aging“ 
describes a number of processes that lead to 
the chemical and physical conversion and de-
gradation of vulcanized test specimens or fi-
nished parts. Several aging test methods 
have been developed, which attempt to re-
produce these damage mechanisms from 
the everyday use of sealing materials in the 
laboratory in a kind of „time-lapse“. The da-
mage processes during aging are irreversible 
causing the material to become unusable af-
ter a certain time and temperature load. The 
scientific assessment and evaluation of these 
aging processes are intended, among other 
things, to ensure that these estimated time- 
and temperature-limits of materials are not 
exceeded during the application. Aging can 
be triggered by various processes:
•	 Aging by radiation – UV radiation, light, 

radioactive radiation
•	 Aging due to mechanical stress – static 

or dynamic load
•	 Aging due to contact mediums – exter-

nal influences (e.g. copper), due to liquid 
mediums (e.g. oils, fuels, acids, water, 
etc.) or present in the material structure 
(e.g. impurities, inhomogeneities)

•	 Aging through biological processes
•	 Aging by gases – ambient air (in particu-

lar by oxygen), ozone, other gases (e.g. 
blowby gases from the engine crank-
case)

•	 Aging by temperature – without gas or 
air supply, meaning in an inert or closed 
atmosphere (e.g. in autoclaves), or with 
fresh air supply (a combination of aging 
by gases (O2) and temperature)

Heat aging is a method that combines the last 
two points, which is a standardized aging test 
using heated ambient air. A standardized test 
specimen is exposed to hot ambient air at a 

pre-defined constant temperature for a pre-
defined period of time. This is done either for 
several samples in a type of circulating air 
oven with fresh air supply »15 or in cell ovens 
separated by samples »16. The evaluation of 
the heat-aged materials is carried out by com-
paring physical values (e.g. hardness, tensile 
strength, elongation at break, etc.) before 
and after aging.

Heat aging causes most elastomers to har-
den, and physical properties such as tensile 
strength and elongation at break decrease 
dramatically. The properties of an elastomer 
material change exponentially with tempera-
ture (Arrhenius function) and more linearly 
with exposure time. Therefore, it is important 
to know the limit operating temperature ran-
ge of the elastomer (which in turn depends 
on the loading time) as small temperature in-
creases can already have a significant effect.

Results from Pressureless Heat Aging 
Oxidation
The process of oxidation is undesirable in 
practical applications as it destroys the poly-
mer. Heat aging is an attempt to carry out 
this process of oxidation under defined and 
reproducible conditions, or at least a process 

similar to reality. A test temperature as high 
as possible is decisive for effective artificial 
aging since the oxidation per 10K tempera-
ture-increase multiplies by a factor of 2 to 4 
and a diffusion of the oxygen into the speci-
men as evenly as possible is desired. In practi-
ce, however, only heterogeneous oxidation is 
usually possible, which means that the margi-
nal areas of the specimen age more than the 
inner areas. Oxidative aging consists mainly 
of two factors:
•	 Breakage of molecular chains (degrada-

tion of the molecular structure) 
•	 Post-crosslinking (construction of the 

molecular structure).

Evaporation of Volatile Components
The heat causes the volatile components (e.g. 
plasticizers) to gas out at the surface of the 
test specimen and are then transported away 
by the air flow in the classic oven. This effect 
must be avoided or kept to a minimum, as it 
is undesirable.

Cross-Contamination Between Different 
Samples
If specimens of different elastomer com-
pounds are stored in the same oven, an ex-
change of volatile components may occur, 

Heat Aging of Elastomers –
Life Insurance for the Seal User 
from DICHT! 1.2017 und 2.2017

»15 Heating oven with opened 
door and grids, on which the 

test specimen holders are 
placed (Picture: O-Ring 

Prüflabor Richter GmbH)  
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e.g. volatilize from mixture A and then diffu-
se into mixture B. This is an undesirable side 
effect that should be avoided.

Other Undesirable Effects
It must also be ensured that the air in the 
ovens does not contain any rubber poisons. 
These heavy metal compounds accelerate 
the aging of elastomers. Copper, manganese 
and combinations thereof should be menti-
oned in particular.

Practical Benefits of this Procedure 
Conclusions on the Heat Resistance of a 
Material
When an elastomer is exposed to hot air, its 
physical properties change. The elongation 
at break and tensile strength of a rubber ma-
terial are particularly sensitive to oxidation. 
During heat aging, a component is exposed 
to a predetermined temperature limit. To 
evaluate the results, important material para-
meters after heat aging are compared with 
unaged specimens (e.g. hardness, volume, 
tensile strength, elongation at break, etc.). 
The determined changes provide informati-
on about the network damage. However, 
heat aging only illuminates the aspect of oxi-
dation. In many practical applications, howe-
ver, additional mediums such as fuels, highly 
additive oils or aggressive acids are added. 

Predictions about the Service Life of a 
Material 
In the practice of sealing applications, questi-
ons frequently arose as to the service life of a 
component and the maximum temperature 
that a particular elastomer compound can 
withstand. No definitive answers can be gi-

ven here. The service life and maximum tem-
perature resistance of a material can always 
only be specified in a combination of perma-
nent maximum load temperature and time. 
As a general rule, the shorter the required 
service life, the higher the maximum limit 
temperature of a given or tested material can 
be. In practice, however, a single continuous 
temperature rarely occurs over the entire pe-
riod of use. Most of them were temperature 
collectives. Mathematical – physical opera-
tions can be used to determine isothermal 
equivalent stresses.

Conclusions on the Mixing and Proces-
sing Quality of a Material 
Heat aging only provides information about 
a certain range of compound quality, e.g. the 
heat stability of the compound (e.g. admix-
ture of antioxidants, use of certain crosslin-
king systems, etc.). If the determination of 
the compression set – which takes place 
using a hot-air oven – is also regarded as a 
subtest method of heat aging, this method 
can provide useful information, especially 
about the processing quality. 

Test standards for hot-air ageing
Test standards for heat aging in everyday tes-
ting in German laboratories are found in ISO 
188 as the most frequently used standard. 
DIN 53508, ASTM 573 and D865 also are rele-
vant in this context. 

ISO 188 [1]
This standard distinguishes between two 
methods:
•	� „Method A“ – Aging in a cellular oven or 

in a heating cabinet with slow flow velo-
city with at least 3 to 10 air changes per 
hour.

•	� „Method B“ – Heating cabinet with 
forced ventilation, at 3 to 10 air changes 
per hour.

This standard also places requirements on 
the ovens. The classic oven is very similar to a 
convection oven, the cell oven is a glass tube, 
similar to oversized test tubes, which are 
placed in a good thermal conductor. Exhaust 
air from one cell should not flow into other 
cells. For ovens with forced ventilation, a dis-
tinction is made between „Type 1“ (laminar 
flow) and „Type 2“ (turbulent flow). Most 
aging tests are carried out in a „Method B, 
Type 1“ heating cabinet (forced ventilation 
with laminar flow).

With regard to the requirements for test spe-
cimens, ISO 188 recommends aging tests 
only on standardized test specimens, but not 

on finished parts. Furthermore, only speci-
mens with similar dimensions should be 
compared. In practice, however, finished part 
tests »17 are still carried out, but they are 
only conditionally suitable for determining 
formulation-specific material properties. 
However, these tests best reflect the applica-
tion.

The duration of the aging test should be di-
mensioned in such a way that physical tests 
of the specimens are still possible after its 
end. The elastomer specimen must not be 
damaged to such an extent that, for example, 
it cannot be clamped in a tensile testing ma-
chine anymore. The aging temperature 
should be as high as possible, but if the tem-
perature is too high, the damage mecha-
nisms are different from those in practice. 
The storage temperatures should be kept as 
constant as possible, since a deviation of only 
1 °C corresponds to a difference of 10% in the 
aging time (with an Arrhenius factor of ap-
prox. 2).

ASTM D865 – 11 [2]
ASTM D865 deals exclusively with heat aging 
in cell ovens. The „cells“ consist of borosilica-
te glass tubes »18 und 19. The cells must be 
300 mm long and 38 mm in diameter. Impor-
tant specifications for the test procedure are:
•	 No more than three specimens per cell
•	� Only specimens from the same com-

pound should be tested per cell
•	� The specimens should hang freely, so 

they do not touch each other, nor the 
cell wall

•	� The test tube-shaped cell is closed with 
a stopper in which two glass tubes are 
located, which serve as inlet and outlet 
for the ambient air

•	� No air exchange rates or flow velocities 
are specified

•	� After the test, the cells must be tho-
roughly cleaned to remove volatile trace 
elements from the aging test which 
have condensed on the glass walls

Evaluation of Test Results 
If test conditions and therefore aging effects 
on the elastomer are to be created that re-
flect the practical application as well as pos-
sible, it is necessary to know important influ-
encing factors on aging and to control them. 

Influence of the Temperature Stability
Temperature has the greatest and most im-
portant influence on the test results. A dis-
tinction is made between temperature cons-
tancy over the entire test period and tempe-
rature constancy at various points within the 

»16 Inserting of the cell (= borosilicate glass tube) 
into the cell oven (Picture: O-Ring Prüflabor Richter 
GmbH)  
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oven. With modern electronic temperature 
control, a maximum deviation of values 
below 0.5 K can be maintained. Generally, the 
deviation from the set oven temperature 
must not be greater than the tolerances de-
scribed in the standard at any point in the 
oven where test specimens are located  
(ISO 188: Storage temperatures ≤ 100 °C →  
± 1 °C and at T ≥ 125 °C → ±2 °C).

Influence of the Inflow or Air Speed
ISO 188 describes that high air velocities im-
prove temperature homogeneity in the furn-
ace. At a slow air velocity, degassed com-
pound components and degradation pro-
ducts accumulate in the oven. Oxygen remo-
val may also occur. ISO now specifies air velo-
cities and distinguishes between laminar and 
turbulent flow [3]. 

Due to the heat aging in the cell oven with an 
air velocity nearing zero, the surface of the 
test specimens age much less than in heat ca-
binets. Microhardness mainly measures sur-
face effects. This also explains why the 
change in hardness reacts more sensitively to 
the air velocity than parameters from the ten-
sile test [4]. 

Influence of Specimen Geometry 
In addition, the surface/volume ratio of the 
test specimens plays an important role. It has 
a significant influence on aging. If the ratio is 
favorable (small surface area with large volu-
me), delayed aging occurs because relatively 
little oxygen can penetrate the material and 
fewer antioxidants can be emitted or consu-
med.

»17 Heat aging on O-rings: The isolated suspension 
prevents contact migration of constituents between 
the rings. The bent wires on the O-rings are used to 
distinguish between them (Picture: O-Ring Prüflabor 
Richter GmbH)

»18 Cell (= borosilicate glass tube) equipped with 
three ASTM test samples „C“ according to ASTM 
D865 (Picture: O-Ring Prüflabor Richter GmbH)

»19 The white ceramic rings serve as spacers to 
prevent migration of constituents 
(Picture: O-Ring Prüflabor Richter GmbH)

DICHT!digital: Further Information on 
hot air aging

DICHT!digital: 100 years hot air aging 
according to W.C.Geer
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Thermogravimetric Analysis (TGA)
This method is suitable for the description of 
formulation compositions and for the rapid 
detection of formulation consistency. Rubber 
compounds and elastomer finished parts are 
multi-component mixtures of processing ad-
ditives, plasticizers, polymers, carbon blacks 
and fillers. They all influence the performance 
properties. Even though it is extremely dif-
ficult to determine the original formulation 
from a vulcanized article, approximate me-
thods have been established with which, for 
example, the proportions of the main compo-
nents can be measured quickly and reprodu-
cibly. 

In the TGA, a material sample (approx. 10 mg) 
is continuously heated up to max. 1,000 °C 
and the relative weight loss is measured as a 
function of temperature. The evaluation al-
lows the quantitative determination of the 
compound components in vaporizable or vo-
latile components (predominantly plastici-
zers), pyrolysable components (predomi-
nantly polymers), oxidizable components 
(predominantly carbon black) and non-oxi-
dizable components (fillers, primarily metal 
oxides), also referred to as ash residue.

Unfortunately, there is no universal TGA me-
thod to suit the diverse world of elastomers. 
There are various test specifications in use as 
well as many factory or laboratory standards: 
•	 VDA 675 135 (May 2016) – The old edition 

described an effective, simple method 
with a constant heating rate, the new editi-
on of the 2016 standard has come closer to 
ISO 9924.

•	 ISO 9924-2 (August 2016) – It is suitable for 
polar and halogen-containing samples 
with long measurement times and has the 
advantage that the carbon black produced 
during polymer pyrolysis is (usually) detec-
ted separately and not added to the car-
bon black quantity.

•	 DIN EN ISO 11358 (October 2014) – It is a ge-
neral description for the performance of a 
thermogravimetric analysis, the heating-
up program is not defined.

»20 shows an example of the results of a TGA. 
The green curve shows the weight decrease 

as a function of temperature (initial weight at 
RT = 100%), the blue curve the first derivative 
of the relative weight as a function of tempe-
rature. The latter is used to differentiate more 
precisely between the curves and the events. 
The method according to ISO 9924-2 shows 
11.8% volatile components, 49.1% pyrolysable 
components and 2.1% pyrolysis carbon black. 
The high ash residue of 36.8% and the low 
oxidizable components of 0.2% are typical for 
a colored mixture without carbon black as fil-
ler. 

Differential Scanning Calorimetry (DSC) 
This DSC method (Differential Scanning Ca-
lorimetry) measures changes in the specific 
heat capacity of samples as a function of 
temperature. The specific heat capacity indi-
cates how much thermal energy a substance 
can accumulate. The most common and well-
known application of this method in the elas-
tomer range is the determination of the glass 
transition. This is determined by the infection 
point of the heat flow over the temperature. 
The test method most frequently used in la-
boratories for this purpose is ISO 11357-2, 
which alternatively determines the glass 
transition point using either the first derivati-
ve (Ti,g) or half the height of the tangents 
(T1/2,g) »21. Further test standards for the 
DSC are VDA 675116, ASTM D3418 and ASTM 
D7426. However, the glass transition tempe-
rature determined according to a calorimet-
ric measuring principle does not always cor-
respond to the thermomechanical glass tran-
sition temperature.

This means that the temperatures determi-
ned are not always reliable low-temperature 
limits for seal applications, as crystalline se-
quences in the polymer in particular can im-
pede resetting. This can occur particularly 
with EPDM and HNBR materials. Therefore, 
for EPDM and HNBR materials, another me-
thod is recommended to determine the low 
temperature limit (TR 10 according to ISO 
2921, compression set at low temperatures 
according to ISO 815-2 or dynamic in DMA). 
Furthermore, DSC analysis offers the possibi-
lity to detect and quantify endo- and exo-
thermic reactions during heating and subse-
quent cooling. This can be helpful, for ex-

Physical Analytical Test Methods – Character Testing on Elastomers
from DICHT! 3.2017

ample, to detect residual amounts of crosslin-
king in the elastomer.
 
Dynamic Mechanical Analysis (DMA) 
DMA is an increasingly important test me-
thod, which can be used to determine cha-
racteristic values for numerical simulation. In 
recent years, this method has become more 
and more important and is no longer reser-
ved for pure materials research. Elastomers 
are viscoelastic materials and combine vis-
cous and elastic properties. These properties 
can be ideally measured in dynamic tests 
using DMA. It measures quantitatively and 
qualitatively (at different deformations and 
frequencies):
•	� Viscoelastic behavior and shock-absor-

bing properties, loss and storage modulus
•	 �Flow and relaxation characteristics as a 

function of temperature (-100 °C to 600 °C).

In contrast to older dynamic test methods, 
which usually require precisely standardized 
specimens, the DMA can easily analyze sec-
tions of finished parts, test plates or dama-
ged parts. As standard, the usual tensile spe-
cimens (S3A, S3 etc.), which are shortened in 
the clamping range, are used in tensile mode. 
The compression and bending modes requi-
re plane-parallel specimens from test plates 
or finished parts.

The most common test modes are:
•	� Cantilever (clamped bend, single or 

double)
•	 Tensile mode
•	 Compression mode

The tests are carried out according to defi-
ned standards, such as ISO 6721-1, or user 
specifications. In contrast to the limited mea-
surement possibilities with TGA and DSC, 
many possibilities are available with DMA:
•	 		 Distance, different amplitudes
•	 		 Frequencies
•	 		 Force, static or dynamic
•	 		 Storage and loss module
•	 		 Loss angle (tan δ)
•	 		 Glass transition (frequency-dependent)

All values are measured within a very small 
tolerance range (dependent on equipment):
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»20 Result curves of a TGA test (Picture: O-Ring Prüflabor Richter GmbH)

•	 Force max. 18 N (resolution: 10-5 N)
•	 Distance resolution 1 nm
•	� Frequency (sinusoidal) up to 
	 max. 200 Hz
•	� The usual temperature range for elasto-

mers from -100 °C to above the decom-
position temperature of the polymer

The measuring periods per test are usually 
longer than with the TGA or DSC. The DMA 
has a larger sample chamber volume and a 
poor heat transfer into the sample, therefore 
low cooling and heating rates are applied. 
Basically, two operating modes of the DMA 
can be distinguished:
1.	 		� Dynamic measurements at different fre-

quencies, amplitudes or temperatures, 
2. 	� Creep tests under constant load or con-

stant deformation at constant or linearly 
decreasing or increasing temperatures. 
The resulting deformations are then 
measured under a constant load or the 
changing force required under a cons-
tant deformation.

»22 shows the DMA test of an EPDM material 
at different frequencies in the tensile stress 
test mode (blue: 1 Hz, red: 10 Hz, green:  
50 Hz). The declining curves on the left of 
the diagram show the storage modulus.  
The higher the frequency, the faster it increa
ses with decreasing temperatures. The cur-
ves in the middle show the tan δ (maximum 
= glass transition point). This increases with 
a higher frequency (-35 °C at 1 Hz, -26 °C at 
50 Hz). DMA can be used to determine a  
large number of material properties, but a 
great deal of expertise and experience is  
required in order to be able to interpret and 
use the results for the user in a practice- 
oriented manner.

»22 Result curves of a DMA test at three different frequencies (memory module and tan δ) 
(Picture: O-Ring Prüflabor Richter GmbH) DICHT!digital: Long version of the article

»21 Result curves of a DSC test for determining the glass transition s 
(Picture: O-Ring Prüflabor Richter GmbH)

Ti,g = -23,3 °C

T1/2, g = -24,0 °C

https://www.o-ring-prueflabor.de/files/expert_knowledge_-_physical_analytical_test_methods_07_2016_.pdf
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IR: Simple and Fast Method for Polymer 
Determination
Infrared spectroscopy (IR) uses invisible infra-
red radiation with a wavelength between vi-
sible light and microwaves. The infrared 
waves can only interact with polarizable 
bonds and trigger them to oscillate, resulting 
in radiation absorptions that stimulate diffe-
rent groups of molecules depending on the 
wavelength. The evaluation of these groups 
provides information about the contents of 
an elastomer. However, IR does not provide 
trace analysis (detection limit 2 to 5%).

Whereas previously dispersive IR was used in 
the elastomer field, now only Fourier Trans-
form Infrared Spectroscopy (FTIR) is used. 
With the help of the Fourier transformation 
of the measured values, the desired spec
trum is obtained. This results in relatively 
short measurement periods with stronger si-
gnals. Elastomer spectra contain complex 
mixtures, so that separation is not always 
possible. However, the significance can be in-
creased by coupling different methods. Since 
most elastomers are black and therefore not 
transparent to light and infrared, pyrolysis 
FTIR or FTIR with ATR (attenuated total reflec-
tion) can help here.

In the case of pyrolysis FTIR, the condensed 
vapor of a thermally decomposed elastomer 
sample is analyzed, while in the case of the 
ATR technique IR radiation passes through a 
special crystal (e.g. made of germanium), 
which is placed on the elastomer sample and 
penetrates it only for a few μm. The reflected 
radiation passes again through the ATR crys-
tal and then hits the detector..

Chemical-Analytical Test Methods – Finding the Material DNA 
from DICHT! 4.2017

Simplified, elastomers consist of the fol-
lowing four groups of substances: polymer, 
fillers, plasticizers/processing aids and carbon 
black. The first three groups can be found in 
the ATR spectrum, the pyrolysis spectrum can 
only detect the polymer and the plasticizers/
processing aids. 

The wave numbers of important peaks (trig-
gered by characteristic functional groups, e.g. 
C≡N nitrile group in NBR at a wave number of 
2,235 cm-1) of the common polymers are 
known via databases, with which fast base 
polymer identification is possible. »23 shows 
an example for an FTIR polymer analysis of 
an NBR-O-ring. The Y-axis shows the intensity 
of the absorption, while the X-axis shows the 
wavenumber (= reciprocal value of the wave-
length) for display reasons.

The analysis of extracts is also of great practi-
cal importance. Hot extraction using a sol-
vent mixture can be used to separate many 
important compound ingredients from the 
rubber and thereby analyze the compound 
constituents more precisely than in ATR ana-
lysis or pyrolysis. This process is frequently 
used in quality assurance to compare diffe-
rent batches of a compound. »24 shows a 
comparison of two batches of an NBR-70 for-
mulation with large differences. In a failure 
analysis, the extract comparison of a failed 
seal with a new seal reveals which organic 
substances have diffused into the seal.

FTIR analysis using ATR technology is also of 
practical importance in the chemical charac-
terization of coatings. It can be determined, 
for example, whether the O-rings sampled by 

the supplier are coated with the correct bon-
ded coating (e.g. based on PTFE or VMQ). 

Overall, FTIR analysis is a frequently used ana-
lysis method in elastomer technology. For 
simple QA tasks, basic chemical knowledge 
for the application is sufficient with the aid of 
good software. For more complex testing 
tasks (e.g. compound development, produc-
tion or damage analysis), the operator should 
have a solid basic chemical understanding.

GC-MS: For a Deeper Insight into the 
Elastomer Composition
Pyrolysis gas chromatography with mass 
spectrometry coupling (GC-MS) is used for 
this purpose. A gas chromatograph (GC) uses 
pyrolysis or thermal desorption to separate 
the components of a rubber compound. For 
this purpose, the sample is heated which, de-
pending on the temperature, leads to out-
gassing of the volatile components or to de-
composition (pyrolysis). The individual com-
ponents travel through a long, thin, coated 
column - depending on their chemical nature 

- with an inert gas stream (helium, nitrogen or 
hydrogen) at different speeds and therefore 
arrive at the end of the column at different 
times. There, the individual molecules - still in 
the gas phase - are ionized and accelerated 
differently in an electric field according to 
their mass and charge. At the end they meet 
an analyzer (in the mass spectrometer MS). 
The signals can be compared with a database 
and the individual components identified.

The detection limit of 10-10g is extremely low. 
Especially in failure analysis it can be very be-
neficial that even the smallest sample quanti-
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»24 Extract comparison of two batches of an NBR compound (Picture: O-Ring Prüflabor Richter GmbH)

» 23 FTIR polymer determination using the ATR method (Picture: O-Ring Prüflabor Richter GmbH)

ties of approx. 0.3 mg are sufficient for an 
analysis. Due to the low detection limit, the 
application area of GC-MS analysis in elasto-
mer technology begins where FTIR analysis 
ends.

Compared to the FTIR analysis, the evaluati-
on and interpretation is much more complex 
and requires a profound chemical education. 
The acquisition costs are also considerably 
higher than for an FTIR analyzer. As an instru-
ment for quality assurance, this high-resoluti-
on analysis method is still rarely used in elas-
tomer technology. In critical applications or 
in cases of failure that are difficult to explain, 
the GC-MS can be the decisive factor in prob-
lem identification, as it can reveal even the 
smallest differences in formulation that can 
result, for example, from the use of compara-
ble mixing chemicals from different suppliers. 
However, the procedure can also eliminate 
the last uncertainties regarding batch fluctu-
ations in suspected cases. »25 shows a batch 
comparison of an FKM material with high cor-
respondence. Each individual signal can be 
assigned to a chemical using a mass spectro-
meter.

In the O-Ring Prüflabor Richter, GC-MS analy-
sis is mainly used in failure analysis. It usually 
helps identifying which substances have dif-
fused into the seal and therefore it can indi-
cate the cause of the failure. Micro parts in 
particular react sensitively to plasticizers  
extracted from hoses or other rubber parts 
during operation. Impurities carried in can be 
identified. On swollen seals, the cause can be 
identified much more precisely than with the 
FTIR analysis. Sometimes it is also very help
ful to prove that there has been no external 
contamination of the material and that there-
fore it has not caused the damage. The ad-
vantages of the GC-MS analysis are therefore 
the higher accuracy and resolution compa-
red to the FTIR analysis, and also a quantitati-
ve analysis that can be carried out if required.

DICHT!digital: Further Information on 
infrared spectroscopy

DICHT!digital: Further Information about 
pyrolysis GC-MS »25 Chromatogram of two batches of an FKM material (Picture: O-Ring Prüflabor Richter GmbH)
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https://www.o-ring-prueflabor.de/en/services/infrared-spectroscopy/
https://www.o-ring-prueflabor.de/en/services/pyrolysis-gc-ms/
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Some sealing materials have special pro-
perties in the polymer or in the mixture 
that are unique to them. Usually there are 
then two or more variations of this para-
meter and therefore resulting special pro-
perties of the material. In practice, these 
small variations in particular can decide 
whether a seal functions reliably or whe-
ther it fails altogether. If this in-depth 
knowledge is lacking, one can have 
bought the „right material“, but still fail 
with it.

The standard tests, such as hardness, tensile 
test, compression set etc. can be carried out 
on standard test specimens from test plates of 
all elastomeric seal materials. In many cases, 
however, special test methods are necessary 
in order to track down the special properties. 

The Classic – NBR 
Acrylonitrile-butadiene- (NBR)- rubbers are 
among the oldest synthetic rubbers with 
good oil and fuel resistance. Despite increa-
sed temperature and medium loads, this 
type of polymer can still be used in modern 
mechanical engineering and application 
technology. 

One of the most important features of an 
NBR compound is its ACN (acrylonitrile) con-
tent, which is matched to the application. If 
its content in the polymer is high, the elasto-
mer product has good oil and hydrocarbon 
resistance. In addition, a high ACN content 
(max. 50%) results in low cold flexibility, 
which is less desirable in most applications.

An NBR with a low ACN content (min. 18%), 
on the other hand, has good low-tempera-
ture flexibility, but poorer oil and hydrocar-
bon resistance. Especially this example clear-
ly shows a common dilemma of elastomer 
sealing materials: „Nothing works without a 
good compromise“.

In practical testing technology, the ACN con-
tent of an NBR mixture is not determined di-
rectly, but test methods are used with which 
an indirect conclusion can be drawn about 
the ACN content. With the help of Differential 
Scanning Calorimetry, better known as DSC, 

Small NBR Materials Science for Users 
Differences that matter

the glass transition temperature can be de-
termined and a prediction can be made 
about the cold flexibility of the material. The 
latter can also be investigated using the  
TR 10 test »26, which is standardized in ASTM 
D1329 and ISO 2921. Although this test origi-
nated in the USA, it is becoming more and 
more popular in Europe due to its very hel-
pful conclusions for users in practice. Lastly, 
the resistance to oil and hydrocarbons can be 
determined by immersion tests.

However, there are also small tricks in com-
pounding to improve the low-temperature 
flexibility of an NBR. This can be achieved by 
using plasticizers. In addition, the plasticizer 
portion reduces the polymer portion that 
swells in oils. This can result in lower oil swel-
ling. However, it should be investigated in 
the elastomer test whether the plasticizer 
will not be extracted too quickly from the 
compound in the application. Depending on 

the application, heat aging and/or immersion 
tests in extracting paraffin oils (e.g. IRM 901) 
are recommended.

Another interesting feature of NBR is the pos-
sibility to mix it with PVC thermoplastic. This 
results in so-called NBR/PVC blends. The 
main advantage of this is that the NBR mate-
rial, which is inherently susceptible to ozone 
cracking, can therefore be very effectively 
protected against ozone attack (with suffici-
ent PVC content). However, the PVC content 
worsens the low-temperature flexibility and 
the long-term sealing effect (higher perma-
nent deformation).

Thermogravimetric analysis (TGA) can be 
used to quantitatively determine the most 
important components of a formulation. This 
method is also used for the detection of PVC 
(chlorine separation). The compression set 
test provides information on the behavior 
under long-term and/or high-temperature 
loading. The investigation of NBR/PVC blends 
in immersion tests with strongly swelling me-
diums (e.g. IRM 903) is finally carried out in 
order to investigate the hydrocarbon resis-
tance, and with the aid of an ozone test »27, 
the effectiveness of the ozone protection can 
be demonstrated.

The analysis of failure cases often shows that it 
is the details that are important in new or spe-
cial applications. For many other elastomer ty-
pes there are other special properties which 
can be studied in more detail in technical litera-
ture. A user who is aware of the various parame-
ters and their effects will be able to address a 
seal manufacturer much more effectively and 
will also be able to ask for meaningful test re-
sults more directly. This will help to avoid errors, 
especially in product development, and to 
achieve sealing systems that work for the long 
term at an early stage.

»26 TR10 testing in the O-Ring Prüflabor Richter  
(Picture: O-Ring Prüflabor Richter GmbH)

»27 Equipment of an ozone test chamber in the 
O-Ring Prüflabor Richter 
(Picture: O-Ring Prüflabor Richter GmbH)
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New Test Method
IRHD and Shore A Hardness-
Measuring on microparts 

Since December 2019, the O-Ring Prüflabor Richter has been offering 
a high-resolution microindenter for the analysis of parameters on po-
lymer materials »28, 29. “The LNP® nano touch is a compact, infinite-
ly variable force-position sensor with frictionless bearing and dynamic 
force generation up to 1.4 N. This guarantees a precise force generati-
on without friction or guiding losses. Combined with an optical incre-
mental position sensor with a high-resolution of up to 10 nm, a dama-
ge-free, high-precision geometrical and physical measurement is 
achieved, as is the determination of material properties.” [1] The LNP® 
nano touch is a device whose physical principles have been known for 
decades, but which has only become possible through a combination 
of the latest high-precision measuring technology in combination 
with an intelligent and scientifically based software. 

Together with different microindenters, the smallest with a radius of 
0,02 mm, hardness tests corresponding to IRHD, M can be performed 
on small-cross-sections up to 0,3 mm. In the field of sealing failure 
analyses hardness measurements on profile cuts can indicate harde-
ned zones of the seal and therefore they can help to identify the failu-
re cause.

Literature
[1] Ludwig Nano Präzision GmbH (Ed.): LNP® nano touch Micor-indenter for the 
analysis of elastomer parameters The Measurementsystem (English company 
brochure), March 2018, pg. 4, Weblink: https://lnp-northeim.de/wp-content/
uploads/2018/07/Nanotouch032018_eng.pdf (Website accessed on 1st May 2020)

»28 Hardness 
measurement with the 
LNP® Nano touch on an 

O-ring with a 
cross-section of  

0,65 mm with an 
indentor radius of 

0,041 mm and a load of 
22 mN 

(Picture: O-Ring 
Prüflabor Richter GmbH)

»29 Hardness 
measurement on the 
cross section of a cut 

O-ring – to understand 
the proportions, the 

O-ring has a cross-  
section of 1,5 mm

(Picture: O-Ring 
Prüflabor Richter GmbH)
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For many years, the O-Ring Prüflabor Richter has been offering semi-
nars on the topics of elastomer sealing technology and materials sci-
ence. These seminars incorporate more than 20 years of expertise in 
materials testing, customer consulting and failure analysis. Today, nine 
open seminars and approximately 20 in-house seminars are held annu-
ally. Particularly in-house seminars are precisely tailored to customer 
requests and needs. The open seminars provide expert insight on the 
following topics:
•	 Elastomer materials and seals
•	 O-ring seals – dimensioning, operational limits and applications
•	 Failure analysis of elastomer seals
•	 Testing of elastomer seals – seminar and workshop
•	 Quality of elastomer products – from the mixture to the finished 

part

In 2017, an advanced seminar was offered for the first time (Senior Ex-
pert Training - in-depth seminar on elastomers & seals), which gained 
great interest.

Seminars of the O-Ring Prüflabor Richter

Failure Analysis in the
 O-Ring Prüflabor Richter

Maybe this is familiar to you - a gasket that costs just a few cents fails and 
causes an entire machine or a large vehicle to stall. Sometimes it even causes 

a total loss. Not to forget the associated life-threatening dangers for the users 
of these devices. There are probably only a few small components in technology 
that have such a large functional effect.

For the O-Ring Prüflabor Richter, failure analysis of elastomer seals and techni-
cal molded parts (e.g. diaphragms, hoses made of elastomers or TPE) - not 

only of O-rings - is one of its core competencies. 

For more than 20 years and in over 2,500 cases, the expertise 
and experience of the O-Ring Prüflabor Richter has not 

only helped to identify problems - both in produc-
tion and application of seals - but to solve 

and eliminate them sustainably.

DICHT!digital: Further Information on 
failure analysis

DICHT!digital: More info about 
seminars

https://www.o-ring-prueflabor.de/en/services/failure-analysis/
https://www.o-ring-prueflabor.de/en/seminars/

