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1. Definition of Aging and Heat Aging 

 

In the case of elastomers, the term "aging" describes a large number of processes which lead 

to the chemical and physical conversion and degradation of vulcanized test specimens or 

finished parts. In a few cases, biological degradation processes also have an effect. Several 

aging test methods have been developed which try to reproduce these damage mechanisms 

from the everyday use of sealing materials in the laboratory in a kind of "time-lapse". The 

damage processes in the aging process are irreversible and lead after a certain time and 

temperature load to the uselessness of the organic material. The scientific recording and 
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evaluation of these aging processes is intended, among other things, to ensure that these time 

and temperature limits are not exceeded in the application of materials. 

However, despite all standardization and decades of testing experience, discussions and an 

exchange between all parties involved will always be necessary when it comes to how exactly 

an aging test can simulate a certain situation in reality. Or, in the words of materials testing 

http://www.o-ring-prueflabor.de/
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and analysis: "The specific problem of heat aging testing is the determination of one or more 

function-determining parameters of the rubber and the choice of test conditions".1 

 

The aging processes can be divided into the following areas: 

 Aging by radiation: 

o UV radiation, light (e.g. xenon light) 

o Radioactive radiation 

 Aging due to mechanical stress: 

o Static load (e.g. pressure, tension) 

o Dynamic loads (e.g. continuous oscillations) 

 Aging by contact mediums 

o External influence on the elastomer 

 Heavy metals ("rubber poisons") 

 Liquid mediums (e.g. oils, fuels, acids, water, etc.) 

o In the material structure: 

 “Inhomogeneity of the substance structure 

 Accessoric impurities of the basic materials 

 Processing related impurities"2 

 Aging through biological processes 

 Aging caused by gases: 

o Ambient air (mainly oxygen) 

o Ozone (leads to cracking of diene rubbers during elongation) 

o Other gases, e.g. blowby gases (= gas occurring in the crankcase of an engine and 

enriched with aggressive pollutants from combustion) 

 

 

 Aging by temperature: 

o Without gas or air supply, which means inert or closed atmosphere (e.g. in 

autoclaves) 

                                                           
1 EHRHARDT, D.: Wärmealterungsbeständigkeit von Gummi in GAK, 09/1999, S.683 
2 Translated from AUTORENKOLLEKTIV: SCHMIEDEL, H. (federführender Autor): Prüfung hochpolymerer 
Werkstoffe, VEB Deutscher Verlag für Grundstoffindustrie, Leipzig, S.328 
3 KLEEMANN, Werner: Mischungen für die Elastverarbeitung, VEB Deutscher Verlag für Grundstoffindustrie, 
Leipzig, 1982, S.228, Bild 12.1 

 

 

 

 

 

 

 

Tab.1: Aging of elastomers in various gases, illustrated by the 

decrease in tensile strength as a function of aging time.3 
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o With fresh air supply (actually a combination of aging by gases (oxygen) and 

temperature) 

 

This article on heat aging will deal with a combination of the last two points, a standardized 

aging test using heated ambient air.  

 

 

In heat aging, 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 kind of 

circulating air oven with fresh air supply or in cell ovens separated 

according to samples. The hot-air aged materials are evaluated by 

comparing important physical values (e.g. hardness, tensile 

strength, elongation at break, etc.) before and after aging. 

 

 

Hot-air aging hardens most elastomers and the physical properties such as tensile strength 

and elongation at break decrease dramatically. However, there are also exceptions, such as 

natural rubber, which is softened strongly by hot air and achieves a glue-like consistency 

before hardening. 

The properties of an elastomer material change exponentially with temperature (Arrhenius 

function) and more linearly with exposure time. Therefore, it is important to know the limit 

operating temperature range of the elastomer (which again depends on the stress time), as 

small temperature increases can already be noticeable (if the elastomers are used in the limit 

range). 

When it comes to hot-air aging, one inevitably thinks only of processes in the increased 

temperature range. However, the oxidation of the material also causes the glass transition 

temperature to rise irreversibly, meaning that the low-temperature flexibility of the material 

worsens. This knowledge is particularly important for gaskets with high hot and cold air 

alternating stresses. If there is an additional load from liquid mediums, this effect may no longer 

apply. 

 

 

 

2. Processes in the Elastomer Caused by Heat Aging 

 

While in the 1950s storage in pressure vessels (e.g. Bierer Davis bomb: storage in compressed 

oxygen at 21 bar) was still common practice, it is no longer relevant in today's day-to-day 

testing, since this form of aging deviates greatly from the reality of most sealing applications. 

 

In 1952 GILLMAN and HAINES4 proposed an aging test in a "water bomb". The samples were 

stored in an autoclave in water containing a strong oxidizing agent such as potassium chlorate. 

                                                           
4 BUIST, J.M.: Aging and Weathering of Rubber, herausgegeben von: The Institution of the Rubber Industry, 
W.Heffer  & Sons Ltd., Cambridge, 1956, S. 82 
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Samples of the liquid were taken regularly to check its oxidizing effect. However, this test 

method no longer appears in today's literature. 

This article deals only with storage in pressure-less circulating air furnaces, the so-called 

"Geer5 furnaces" or cell furnaces, and associated advantages and disadvantages. 

In the processes described in the following, no additional or increased aging processes caused 

by pressure are discussed. 

 

2.1 Oxidation 

 

The process of oxidation is undesirable in practical applications as it destroys the polymer. 

Heat aging is an attempt to carry out this or a process of oxidation similar to reality under 

defined and reproducible conditions. 

 

The oxidation of natural rubber has been known for a long time and was already described by 

Spiller6 in 1865. "He discovered that waterproof rubberized felt no longer had its closed 

structure and waterproof properties after six years. After extraction of the elastomer and 

evaporation of the residue, a resinous film was formed which differed from the usual 

characteristic elastomer film. This product was called "Spiller's resin" and the phenomenon 

that led to its formation was recognized as oxidation".7 

 

In the meantime 150 years have passed and a large number of studies on the nature and 

process of oxidation have been carried out, of which only a short extract is to be given here. 

As the name suggests, oxygen plays a key role when it comes to oxidation. "During the natural 

aging of high polymer materials, degradation or cross-linking reactions always take place with 

the participation of oxygen, as this is present in the high polymer material - even when working 

under anaerobic conditions [= oxygen exclusion] - and has a decisive influence on the reaction 

process.”8 

As early as 1921, STEVENS was able to prove for natural rubber that a chemical bonding of 

the oxygen takes place during aging.9 This could be proven by an increase in weight. Modern 

analysis has already led to approaches in research which evaluate the aging of an elastomer 

material on the basis of the oxygen absorbed. A very sensitive method has already been 

demonstrated by WISE and colleagues.10 

                                                           
5 The term "Geerofen" was common in Germany until the 1960s, but is hardly used today. Meanwhile one speaks 
mostly of the heating cabinet or aging furnace. The term "Geer oven" can only be found occasionally in current 
English literature. It goes back to the scientist Dr. W.C. Geer. At an ACS symposium on "The Accelerated Life Test 
of Rubber Goods" in September 1916, he gave a groundbreaking lecture on the subject of heat aging, which was 
published in the journal "India Rubber World", 55, 1916, pp. 127ff. "Weblink to the magazine (accessed 
16.01.2015) http://biodiversitylibrary.org/page/7113354  
Siehe auch Geers Bilanz nach 10 Jahren Erfahrung mit der Heißluftalterung aus dem Jahr 1921 (India rubber 
world 1September 1921, S. 887ff) http://biodiversitylibrary.org/page/7050936 (abgerufen am 28.01.2015) 
6 SPILLER: Journal of the Chemical Society, Vol. 18.44-6, 1865 
7 Übersetzung eines englischen Zitats aus: GEER, William C. und EVANS, Walter, W.: Ten Years‘ Experience with 
Aging Tests  in: India rubber world, 1September 1921, S. 887 (http://biodiversitylibrary.org/page/7050936     
abgerufen am 28.01.2015) 
8 AUTORENKOLLEKTIV: SCHMIEDEL, H. (federführender Autor): Prüfung hochpolymerer Werkstoffe, VEB 
Deutscher Verlag für Grundstoffindustrie, Leipzig, S.331 
9 STEVENS, H.P., Journal of the Society of Chemical Industry, 38(1921), S.1921ff., zitiert in: ECKER, R.: 
Mechanische-technologische Prüfung von Kautschuk und Gummi in: BOSTRÖM, S. (Hrsg.).: Kautschuk-
Handbuch , Band 5, Stuttgart, Verlag Berliner Union, 1962, S. 176 
10 WISE, J. und GILLEN, K.T. und CLOUGH, R.L.: An ultrasensitive technique for testing the Arrhenius 

http://www.o-ring-prueflabor.de/
http://biodiversitylibrary.org/page/7113354
http://biodiversitylibrary.org/page/7050936
http://biodiversitylibrary.org/page/7050936


 

 

 

O-Ring Prüflabor Richter GmbH 
Kleinbottwarer Str. 1 
71723 Großbottwar 
 

 

Telefon 07148 / 16602-0 
Fax 07148 / 16602-299 
info@o-ring-prueflabor.de 
www.o-ring-prueflabor.de 
 

 

Geschäftsführer: 
Dipl.-Ing. Bernhard Richter 
Ust-ID-Nr. DE 277600966 
Steuer-Nr. 71342/02407 FA LB 

 

Sitz der Gesellschaft:  
Großbottwar 
Amtsgericht Stuttgart 
HRB 737482 

 

Volksbank Ludwigsburg 
IBAN DE96 6049 0150 0820 5810 03 
SWIFT GENODES1LBG 

 

6 

 

 

 

 

 

 

 

 

 

 

 

 

Tab.2: Oxygen absorption of 

weakly filled elastomers at 130°C 

(Butaprene NM = CR, Neoprene = 

CR) 11 

 

 

 

 

 

 

 

 

 

 

 

 

Tab.3: "Influence of the number of 

double bonds in the base chain on 

the speed of oxygen absorption at 

120°C".12  

 

 

In later investigations on natural rubber, it could be proven that the oxidation rate up to 90°C 

is a linear function of time, but at 100°C and 110°C the process then becomes degressive, 

meaning that the oxidation rate slows down over time. Furthermore, it was found that the 

oxidation increases by a factor of 2.5 per 10K temperature increase. The amount of absorbed 

oxygen related to a given deterioration of tensile strength (here halving of the values) 

decreased when the test temperature was increased.13 

 

                                                           
extrapolation assumption for thermally aged elastomers  in: Polymer Degradation and Stability, Issue 3, 1995, 
S.403-418 (http://www.sciencedirect.com/science/article/pii/014139109500137B abgerufen am 28.01.2015) 
11 KLEEMANN, Werner: Mischungen für die Elastverarbeitung, VEB Deutscher Verlag für Grundstoffindustrie, 
Leipzig, 1982, S.228, Bild 12.3 
12 KLEEMANN, Werner: Mischungen für die Elastverarbeitung, VEB Deutscher Verlag für Grundstoffindustrie, 
Leipzig, 1982, S.228, Bild 12.2 
13 vgl. KEMP, A.R.; INGMANN, J.H.; MUELLER, G.S., Industrial & Engineering Chemistry 31 (1939), S.1472ff. 
Weblink: http://pubs.acs.org/doi/pdf/10.1021/ie50360a009  

http://www.o-ring-prueflabor.de/
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A decisive factor for aging is also a diffusion of the oxygen into the test specimen that is as 

homogeneous as possible. In practice, however, only heterogeneous oxidation is possible, 

meaning that the marginal areas of the specimen age much more strongly than the inner areas. 

In this context, the surface to volume ratio of the specimens is also of interest, which will be 

discussed in more detail below. 

CLOUGH and GILLEN14 were able to show in 1991 for CR and SBR that the increasing 

heterogeneous oxidation (i.e. the aging takes place much faster in the peripheral zones than 

inside the test specimen) is not due to a selective degradation of the antioxidants in the 

peripheral areas, but that with increasing aging the oxygen permeability drops dramatically and 

therefore a heterogeneous oxidation occurs. 

Oxidative aging essentially consists of two factors: 

1. break of molecule chains (degradation of the molecular framework) 

2. post-crosslinking (construction of the molecular framework) 

 

 

The following paragraph contains more chemically interesting information, but can also 

be skipped, while article continues under subitem 2.2: 

 

In 2014, the GAK published a notable study on the thermooxidative aging of NBR15. A 

material that has already undergone a great deal of research, but once again the most 

modern analytical methods (PGC-MS, ATR-FTIR, NMR) in combination with classical 

methods (e.g. hot-air aging, gel content, etc.) have been used to provide a comprehensive 

picture of the changes in the structure and properties of the elastomer. 

Many of the results can also be applied to other elastomer types. 

 

The scientists were able to detect two major changes in the aging process of NBR: 

 

 

1. physical-chemical process (migration of paraffin (cf. subitem 2.2 of this technical 

article) and consumption of antioxidants added to the compound = chemical 

substances for protection against aging) 

2. chemical process: oxidation (= chain break and post-crosslinking, as described 

above) 

 

Let's have a closer look at the first process step: The outgassing of plasticizers stiffens the 

material and its elasticity decreases. 

The second process step: As a part of the diene rubber family, NBR has double bonds that 

can form radicals when exposed to heat and oxygen. In the course of this process, these 

radicals can form "moderate" pendant chemical groups on the molecular chain or they can 

                                                           
14 CLOUGH, R.L. und GILLEN, K.T.: Oxygen diffusion effects in thermally aged elastomers in: Polymer Degradation 

and Stability, Issue1, 1992, S.47-56 (Weblink zum Abstract, abgerufen am 28.01.2015: 
http://www.sciencedirect.com/science/article/pii/014139109290022W) 

15 ZHAO, Jiaohong; YANG, Rui; IERVOLINO, Rossana; BARBERA, Stellario: Thermooxidative Alterung von NBR 
– Änderungen der chemischen Struktur und der mechanischen Eigenschaften in GAK, 12/2014, S.777-785 

http://www.o-ring-prueflabor.de/
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"recombine" with each other and form additional network bridges. As a result of these new 

cross-linking processes, the elasticity of the material is greatly reduced. It has also been 

shown that chain splitting does not lead to the formation of small molecules. Instead, new 

C=C double bonds are formed in parallel. In addition to all these processes, oxidation takes 

place uninterruptedly, meaning that oxygen determines the aging process. Therefore, cross-

links caused by oxygen occur and the oxidized groups increase continuously. 

 

Finally, the researchers divided the entire process of thermooxidative aging of NBR into 

three stages (reference temperature 100°C): 

"In the first stage (before 60h), the changes of the material are mainly due to the loss of 

paraffin and the consumption of antioxidants, corresponding to the decrease of C-H, -C=O 

and -C=C groups. 

In the second stage, the rapid decrease of C-H continues (...), mainly [due to the gradual] 

increase of additional crosslinking spots and [due to] oxidative functions. (...) Since the 

crosslinking density is not very high in this stage, the hardness increases only moderately. 

(...) Crosslinking dominates this stage. In the third stage (after 1700h), the cross-linking 

density is so high that hardness and modulus rise to very high values (...). Massive oxidation 

leads to more chain splits and to saturated species formed in this way. (...) Oxidation and 

chain splitting play important roles in this stage through the formation of chain ends and the 

decrease (...) [of the effective cross-linking density]".16 

Finally, they summarize their investigations as follows: "The reaction mechanisms include 

cross-linking, oxidation and oxidation-induced chain splitting. The loss of paraffin and 

antioxidants accelerates the aging process. The cross-linking reactions predominantly 

contribute to the decrease in rubber elasticity. Only in a later aging stage does chain 

cleavage play a significant role in the course of degradation and lead to a noticeable 

transition to another stage with regard to mechanical properties and chemical structure".17 

 

 

2.2 Outgassing of Volatile Components 

 

The heat during the aging process causes the volatile components (especially plasticizers) to 

gas out on the surface of the test specimen. The increased solubility of the volatile components 

at high temperatures leads to rapid concentration equalization, which means volatile 

components from the inside of the test specimen migrate to the outside, i.e. to the surface. 

There they are transported away by the air flow in the classical heating cabinet. 

This effect must be avoided or kept to a minimum, as it is undesirable in contrast to the 

oxidation described above, which mainly takes place at the edges.  

 

This outgassing is influenced by the following parameters18:  

 

                                                           
16 Translated from ZHAO, Jiaohong; YANG, Rui; IERVOLINO, Rossana; BARBERA, Stellario: Thermooxidative 
Alterung von NBR – Änderungen der chemischen Struktur und der mechanischen Eigenschaften in GAK, 
12/2014, S.784 
17 Translated from Ebd., S.785 
18 vgl. BILLE, H. und FENDEL, H.: How to Do Hot Air Aging Tests Properly: A Survey of Influencing Parameters 
and Practical Guidance on Dealing with them in KGK Kautschuk Gummi Kunststoffe, 47.Jg., Nr.2, 1994, S.129f. 
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9 

 temperature 

 diffusion rate of the volatile components through the material of the test specimen 

 surface to volume ratio of the specimens 

 concentration of volatile components in the furnace air 

 air velocity or inflow velocity of the test specimens in the furnace 

 Quantity of fresh air supply (air exchange rate) 

 

2.3 Cross-contamination of Different Samples 

 

If test specimens of different elastomer mixtures are stored in one and the same furnace, 

volatile components may be exchanged, which e.g. outgas from compound A and then diffuse 

into compound B. 

This case, too, is an undesirable side effect that must be avoided. 

In critical cases, in which a high level of volatile components is expected, the aging can be 

carried out in a cell furnace in which each sample is aged in a separate glass tube. 

Besides the gaseous exchange, there is also the case of cross-contamination by direct 

physical contact (e.g. different samples are stored on top of each other or cooled down). This 

can also be avoided by simple laboratory instructions and employee training. 

 

2.4 Other Undesirable Effects 

 

It must also be ensured that the air in the ovens does not contain any so-called rubber poisons. 

These are heavy metal compounds that accelerate the aging of elastomers. Copper, 

manganese and their compounds should be mentioned here in particular. 

For this reason, for example, the use of copper or copper alloys in the area of the furnace 

chamber is prohibited in various standards on hot-air aging.19 

 

 

 

3. Purpose of Heat Aging - Practical Use 

 

3.1 Insights Regarding 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 material are particularly susceptible to oxidation. In hot-

air aging, a component is exposed to a predetermined temperature limit.  

In the heat resistance test, an elastomer is exposed to the same temperature that it is subjected 

to in practical use.20 A distinction is made between short-term heat resistance (test times: 24h, 

72h, 168h) and long-term heat resistance (test times: a multiple of 168h). 

                                                           
19 vgl. International Standard ISO 188: ISO 188: Rubber, vulcanized or thermoplastic — Accelerated aging and 
heat resistance tests, Fifth Edition: 2011-10-01, S.2, Unterabschnitt 4.1.1 
20 vgl. International Standard ISO 188: ISO 37: Rubber, vulcanized or thermoplastic — Accelerated aging and 
heat resistance tests, Fifth Edition: 2011-10-01, S.2, Unterpunkt 3.3 

http://www.o-ring-prueflabor.de/
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To evaluate the results, important material parameters after hot-air aging are compared with 

unaged samples (e.g. hardness, volume, tensile strength, elongation at break, etc.). The 

determined percentage changes indicate the damage caused to the network. 

In general, the lower the percentage property changes of the material after aging, the better is 

its hot-air resistance. 

However, hot-air aging only examines the oxidation aspect. In many practical applications, 

however, mediums such as fuels, highly additive oils or aggressive acids are added. 

 

3.2 Predictions about the Service Life of a Material  

 

In the practice of sealing applications, the question frequently arises as to the service life of a 

component and the maximum temperature that a certain elastomer compound can withstand. 

There is no clear answer to this question. The service life and maximum temperature 

resistance of a material can only be specified in a combination of permanent maximum load 

temperature and time. 

In general, the shorter the required service life, the higher the maximum limit temperature of a 

given or tested material can be. In practice, however, there is rarely a single continuous 

temperature over the entire period of use. Most of the time these are temperature collectives. 

In heat aging in laboratory tests, the aim is to convert these temperature collectives into an 

isothermal equivalent load using simplified Arrhenius multipliers (also known as "time-

temperature rule"). If, for example, a finished part is tested according to this determined 

time/temperature specification (= isothermal equivalent stress), then the practical application 

can usually be simulated sufficiently well with a laboratory test. With the help of the results, an 

"aging master curve" can be created. For this purpose, the change of a certain test parameter 

is considered more closely, e.g. when the elongation at break or tensile strength reached 50% 

of its initial value or when the compression set reached a value of 95%. 

 

http://www.o-ring-prueflabor.de/
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11 

 
Tab.4: Temperature application limits of a good NBR material investigated on O-rings with three different 

cord thicknesses (d2)21  

 

Tab.4 shows three service life lines for one and the same material (NBR). The differences are 

due to the fact that O-rings with different cord thicknesses were investigated. The O-ring with 

the largest cord thickness shows the best values, as it does not age as quickly as a thin O-ring 

due to its large volume. 

 

A compression set of 95% was selected as the service life criterion. 

Let us now take a closer look at the black straight line for the NBR O-ring with 1.78mm cord 

thickness. The straight line shows us at which time / temperature combinations this value is 

reached. At the relatively high temperature of 125°C for NBR, this compression set value is 

already reached after approx. 280 hours. If we now continue to follow this black line, we can 

see that at 80°C we already reach a service life of approx. 1 year. If we reduce the temperature 

by a further 20°C, we do not reach the service life criterion (DVR = 95%) until after approx. 5 

years. 

For more information on this topic, please refer to ISO 11346:2014 (Rubber, vulcanized or 

thermoplastic -- Estimation of life-time and maximum temperature of use), which deals in detail 

with the creation of service life lines. Two different calculation options are presented in it, 

including the Arrhenius approach mentioned above. 

 

 

 

                                                           
21 RICHTER, Bernhard: Präsentation „Langzeitverhalten von O-Ring Dichtungen“, 2015, Folie 31 

/years 

/years  

/years  

/year 

  

Service Life Criterion: Compression Set = 95%. 
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3.3 Insights Regarding the Mixing and Processing Quality of a Material 

 

Heat aging only provides information about a certain range of compound quality. If aging tests 

are carried out properly and in accordance with the performance profile of the material, 

relatively good information can be obtained about the heat stability of the compound (e.g. 

admixture of antioxidants, use of certain cross-linking systems or suitable plasticizers in the 

correct concentration, etc.). 

If the determination of the compression set - which takes place with the aid of a hot-air oven - 

is also regarded as a subtest method of hot-air aging, this method can provide good information 

on both processing and compound quality. Short test times (24h) are preferred for checking 

the degree of vulcanization (= processing), while the longest possible test times are 

recommended for checking the quality of the compound.22 

 

3.4 Determination of Material Characteristics for Numerical Calculations 

 

Computer simulations are also playing an increasingly important role in the elastomer industry. 

"The prediction of the service life of seals using numerical methods, such as the finite element 

method - FEM, is desirable, but is not yet state of the art [2011]".23  

Today's common FEM is still mostly concerned with the simulation of unaged materials. 

However, there are also approaches to model the aging of elastomers. For this purpose, 

extended material models have to be developed which "go beyond the classical structural-

mechanical concept, links to thermal and physico-chemical effects in elastomers become 

possible: diffusion and swelling of ambient mediums as well as resulting chemical reactions, 

which lead to changes in the elastomer behavior, can be taken into account in the developed 

aging model via the FEM approach"24.  

In order to "feed" these models with data, hot-air aging is also necessary. 

 

 

 

4. Important Testing Standards for Hot-Air Aging and Requirements for 

Testing Equipment 

 

ISO 188 ("Rubber, vulcanized or thermoplastic - Accelerated aging and heat resistance tests") 

is the most frequently used standard in our everyday testing. For this reason it is presented in 

detail below. For other important standards (e.g. DIN 53508 and ASTM 573 and 865) only the 

deviations from ISO 188 are described in more detail. 

 

Almost all important standards on heat aging deal with the following topics 25: 

                                                           
22 For more detailed information please refer to the following technical article on our website: BLOBNER, Ulrich 
und RICHTER, Bernhard: Druckverformungsrestprüfung (DVR) – Prüftechnische Grundlagen und Empfehlungen 
für die praktische Anwendung, Juni 2014   darin die Kapitel 2 und 6.2.6 
23 Translated from ACHENBACH, Manfred: Modellierung der Alterung von Gummi in: STREIT, Gerhard (Hrsg.): 
Elastomere Dichtungssysteme, Expert Verlag, Renningen, 2011, S.291 
24 Ebd., S.291 
25 vgl. BILLE, H. und FENDEL, H.: How to Do Hot Air Aging Tests Properly: A Survey of Influencing Parameters 
and Practical Guidance on Dealing with them in KGK Kautschuk Gummi Kunststoffe, 47Jg., Nr.2, 1994, S.130 
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13 

 

 Specimen Size 

 Temperature 

 Air exchange rate 

 Furnace loading 

 Air Circulation velocity, inflow velocity 

 Separation of samples 

 Aging time 

 

 

4.1 ISO 188 (Issue October 2011)26 

 

This standard distinguishes between two methods: 

"Method A" deals with aging in a cell-type oven or in a cabinet oven at slow flow rates and with 

air renewal of at least 3 to 10 times per hour.27 

"Method B" is a heating cabinet with forced air circulation, also with 3-10 air changes per hour. 

 

4.1.1 Requirements for the Furnaces 

 

The size of the furnaces should be dimensioned so that the volume of the test specimen 

occupies max. 10% of the furnace interior. This requirement can be easily met in the classic 

oven and with relatively small standardized specimens. This requirement must also be met in 

the cell furnace. As a rule, dumbbell rods of the size "Die C" are used in the ASTM cell furnace, 

which are almost identical in dimension to the S1 rods of DIN. An S1 rod has a volume of 

approx. 3.73 cm³. Three dumbbell rods are placed in one cell, resulting in a sample volume of 

approx. 11.2 cm³. ASTM D865 requires borosilicate glass tubes with a diameter of 38mm and 

a length of 300mm as cells. This results in a volume of approx. 340 cm³ or 340 ml, so that the 

specimens occupy only about 3.3% of the cell volume. 

In the furnace, possibilities should be created for suspending the specimens to avoid contact 

between them and with the furnace wall.  

Furthermore, copper or copper alloys must not be used in the furnace as this acts as a rubber 

poison and could significantly falsify the results. 

The supplied fresh air should be heated to furnace temperature before being supplied. 

The cell furnace is a glass tube, similar to an oversized test tube, which is placed in a proper 

thermal block (e.g. aluminum block with holes for the "test tubes", liquid bath or saturated 

steam). Exhaust air from one cell should not flow into other cells. 

With classic heating cabinets, there must be no partition walls in the oven chamber. Likewise, 

no fans are allowed in the oven chamber. 

                                                           
26 vgl. International Standard ISO 188: ISO 37: Rubber, vulcanized or thermoplastic — Accelerated aging and 
heat resistance tests, Fifth Edition: 2011-10-01 
27 Heating cabinets with natural ventilation are usually not used in the rubber industry, but in the cable industry. 
Deviations of up to 10°C within the oven from the set temperature are not unusual. In order to obtain an 
acceptable tolerance of ±1°C deviation, the volume range in the furnace which exhibits this temperature stability is 
determined by measurements before use. see SPETZ, Göran: Recent Developments in Heat Aging Tests and 
Equipment in: Polymer Testing, Vol. 15, Vol. 4, 1996, p. 382 
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For furnaces with forced ventilation, there is a distinction between  

 Type 1" (laminar air flow with air velocities of 0,5 to 1,5 m/s)  

and 

 Type 2" (turbulent air flow with an average flow velocity of 0,5 ± 0,25 m/s). 

 

Most aging tests are carried out in one of our heating cabinets according to Method B, Type 1 

(forced ventilation with laminar flow). 

 

 

 

 

 

 

 

 

 

 

Fig.1: Heating cabinet with open 

door and insert grids, on which 

the specimen holders are placed 

 

 

4.1.2 Requirements for the Test Specimens 

 

In Chapter 6, ISO 188 recommends aging tests only on standardized specimens, not on 

finished parts. In addition, only specimens with similar dimensions should be compared. 

 

 

 

 

 

 

 

 

 

Fig.2: Specimen holder for 

standard test rods. The 

suspension is carried out in a 

shoulder area of the rod which is 

not examined in the tensile test. 

A single suspension of the 

specimens with appropriate 

spacings prevents migration of 

constituents. 
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Nevertheless, we carry out numerous aging tests on finished parts (e.g. O-rings). It is important 

to know that the results on finished parts are only comparable to those on test specimens to a 

limited extent. It requires a lot of experience and understanding of the aging process in order 

to correctly classify and evaluate test results on finished parts. Therefore, finished part tests 

are only partially suitable for the determination of formulation-specific material parameters, but 

they best represent the practical application. 

 

 

 

 

 

 

 

Fig.3: heat aging on O-rings: The 

isolated suspension also 

prevents migration of consti-

tuents between the rings. The 

bent wires on the O-rings are 

used to distinguish between 

them, as finished parts often - 

compared to standard sample 

bodies - do not have any areas 

that can be permanently marked. 

 

ISO 188 further recommends to ensure the prevention of migration of constituents from one 

specimen to another. (cf. subsection "2.3 Cross-contamination of different samples" of this 

technical article) For O-rings and other gaskets, this point is less important in practice, since 

only low-plasticizer or even plasticizer-free materials are typically used. However, in cases 

where this may have an influence, testing in a cell furnace (see ASTM D 865 below) should be 

considered. 

 

No aging test should be carried out on samples that are totally fresh from production. The ISO 

requires a waiting period of at least 16 hours after the end of vulcanization for standard tests. 

 

After the aging test, the test specimens should rest for at least 16 hours up to a maximum of 6 

days without tension, and acclimatize to the laboratory environment. 

 

4.1.3 Oven Storage Duration and Temperatures 

 

The duration of the aging test should ensure that physical tests of the specimens are still 

possible after the end of the aging test. The elastomer must therefore not be damaged to such 

an extent that, for example, it cannot be clamped in a tensile testing machine anymore. 

It certainly makes sense to use a relatively high aging temperature as this shortens the duration 

of the test, but the norm points out that excessively high aging temperatures can lead to 
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degradation mechanisms in the polymer which no longer have much in common with those at 

the operating temperature in practice. 

At oven storage temperatures ≤100°C the temperature tolerance is ±1°C and for temperatures 

from 125° up to and including 300°C it is ±2°C. The ISO refers to studies which prove that a 

temperature deviation of only one degree Celsius corresponds to a difference of 10% in the 

aging time (with an Arrhenius factor of 2). 

 

4.2 DIN 53508 (Issue March 2000)28 

 

DIN deviates from ISO 188 in the following significant points: 

 

 Different flow velocities in aging furnaces with forced ventilation (at least 30 air changes 

per hour and flow velocities at the specimens between 0.25 and 3m/s) (Subsection 6.2) 

 The DIN requires preferably measurements on the dumbbell rod S2, while the ISO does 

not favor any particular specimen. (Subsection 5) 

 A minimum of 3 to a maximum of 10 air changes per cell and hour are required for 

aging in cell furnaces. This should be checked with a flow meter (subsection 6.4). 

 DIN also describes aging in pressure chambers (oxygen bomb according to Bierer-

Davis). This test variant is missing in the ISO. (Subsections 4.2 and 6.5) 

 Preferably applicable test conditions are given: (70±1)°C for 7 days or (100±1)°C for 3 

or 7 days. The test condition of 70°C / 7 days is probably due to the "inventor" of heat 

aging, Dr. W. C. Geer, who first presented this method to the public in 1916. At that 

time, tests were carried out almost exclusively on natural rubber, which explains the 

low temperature and short test duration. This combination of test parameters is hardly 

used any more in today's material testing of sealing materials. Modern high-

performance rubbers such as FKM or VMQ show little or no aging effects under such 

loads. Here higher temperatures and oven storage times are required. For this reason, 

DIN also permits higher temperatures and longer testing times. (Subsection 7.2.1) 

 

Especially in the automotive industry, furnaces with more than 30 air changes per hour are 

required. This ensures that sufficient air is always available for the oxidation processes to be 

examined, even at high test temperatures with high oxygen requirements. 

 

4.3 ASTM D573-04 (Reapproved 2010)29 

 

The ASTM D573 deviates from ISO 188 in the following significant points: 

 

 Only furnaces with forced ventilation are permitted. (Subsection 5.1) 

 Minimum and maximum sizes for the furnace interior are specified. (Subsection 5.1.1) 

 It is required to regularly check the temperature constancy in the furnace. (online 

recording, not only during calibration) (subsection 5.1.5) 

                                                           
28 vgl. DIN 53508: Prüfung von Kautschuk und Elastomeren – Künstliche Alterung (Ausgabe: März 2000) 
29 vgl. ASTM – International: Designation: D573-04 (Reapproved 2010): Standard Test Method for Rubber – 
Deterioration in an Air Oven 
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 The ASTM requires a mechanical (fan) circulation of the air in the furnace, but does not 

prescribe a flow velocity. It must also be ensured that the circulated air does not come 

into contact with the fan motor, as ozone can be generated in it. (Subsection 5.1.7.1) 

 

4.4 ASTM D865 – 11 (approved 2011)30 

 

ASTM D865 deals exclusively with hot-air aging in cell 

furnaces and does not, like ISO 188, combine both aging 

methods (heating cabinet and cell furnace) in one 

standard.  

The so-called "cells" consist of borosilicate glass tubes, 

similar to an oversized test tube. While ISO 188 only 

prescribes a minimum height of 300mm without specifying 

a diameter, ASTM provides clear information. There the 

cells must have a length of 300mm with a diameter of 

38mm. 

The information on the examination procedure is more 

precise in ASTM than in the ISO standard. However, the 

application of the following recommendations from ASTM 

also makes sense for an ISO test in a cell furnace: 

 No more than three specimens should be stored 

per cell. 

 Only specimens from one and the same compound 

should be stored per cell. 

 The specimens should be suspended vertically in 

the cell as close to the base of the glass tube as 

possible. The specimens should hang freely, 

meaning they should not touch each other or 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 (as in DIN) or flow velocities 

are specified. 

 After the test, the cells must be thoroughly cleaned 

to remove volatile matter from the aging test 

condensed on the glass walls. 

 
 

Fig. 4: Cell equipped with three 

ASTM specimens (Die C) (= 

borosilicate glass tube) 

according to ASTM D865 

 

                                                           
30 vgl. ASTM – International: Designation: D865-11: Standard Test Method for Rubber – Deterioration by Heating 

in Air (Test Tube Enclosure), Approved 2011 
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Fig.5: Inserting the cell (= borosilicate 

glass tube) into the cell furnace 

 

 

   

Fig.6: The white 

ceramic rings serve as 

spacers to prevent 

migration of 

constituents. 

Fig.7: Cell inserted into the 

furnace with additional 

temperature monitoring in the cell 

(left cable) The right sensor in the 

aluminium block controls the 

temperature. 

Fig.8: Additional temperature sensor 

for monitoring the internal temperature 

in the cell 
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5. Useful Information for the Interpretation and Evaluation of Test Results 

from Hot-Air Aging 

 

In order to correctly interpret and classify the test results from hot-air aging, it is important to 

know the factors that strongly influence hot-air aging and, if ignored, can even lead to falsified 

results. 

If, in addition, test conditions and therefore aging effects on the elastomer are to be created, 

which reflect the practical application as well as possible, it is also necessary to know important 

influencing factors on aging and how to control them. 

Furthermore, some methods and recommendations for determining the parameters to be 

investigated are described below. 

 

5.1 Influence of Temperature Stability 

 

Temperature has the greatest and most significant influence on the test results. Even small 

deviations can lead to significantly different results. For this reason, it makes no sense to 

strictly stick to other parameters as long as there is no guarantee that the temperature will 

remain constant throughout the entire test period. 

A distinction is made between temperature constancy over the entire test period (depending 

on the control of the furnace) and temperature constancy at various points within the furnace 

(depending on the design of the furnace). 

 

5.1.1 Over a Certain Period of Time 

 

In a scientific paper31 published in 1995, the aging of NR and EPDM at different temperatures 

after a storage period of 168 hours was investigated. The changes in hardness, tensile strength 

and elongation at break were compared. As to be expected, the change in hardness showed 

only very vague variations of the aging conditions, therefore it will not be discussed further on. 

The following values were found for the aging of natural rubber:32 

 

Test Temperature 

[°C] 

Tensile Strength 

[N/mm²] 

elongation at break 

[%] 

95 13 280 

100 6.5 175 

105 4 120 

Table1: Influence of different test temperatures on characteristic values from the tensile test for a 

natural rubber vulcanizate after hot-air aging of 168h 

 

The EPDM under investigation also underwent 168h aging at the same temperatures as the 

NR described above. There was practically no change in the tensile strength, but a slight 

tendency was observed in the elongation at break, which is very sensitive to aging (= 

                                                           
31 SPETZ, Göran: Recent Developments in Heat Ageing Tests and Equipment in: Polymer Testing 15.Jahrgang, 
Heft 4, 1996, S.381-395 
32 These are approximate figures, as these results (p. 390) were presented in the publication only in diagrams and 
not in tables with numerical values. The corresponding initial values (before ageing) were not given in this 
literature source. 
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deterioration in elongation at break). This clearly shows the importance of the correct choice 

in test temperature. An EPDM is usually much more heat resistant than a NR. If a material is 

tested far below its maximum temperature limits, only a limited conclusion to none can be 

drawn. 

Usually, however, modern material specifications are found in the respective limit ranges of 

the various elastomers and in these ranges the materials react very sensitively to even the 

smallest temperature fluctuations. The term "smallest temperature fluctuations" can even refer 

to temperature changes of >2K. A temperature increase of 2K approximately means a 15% 

increase in the reaction rate of aging. 

With modern electronic temperature controls, it is possible to maintain a maximum deviation 

of values less than 0.5K, whereas with earlier mechanical temperature controls fluctuations of 

10K and more were common. 

In our laboratory, all furnace temperatures are monitored and documented online. To do this, 

we use a temperature monitoring system from Testo (Saveris). 

 

5.1.2 Within the Furnace 

 

In the scientific paper, "How to Do Hot Air Aging Tests Properly"33 BILLE and FENDEL describe 

how they examined the temperature distribution in the heating cabinet. They used NiCr-Ni 

thermocouples with very thin cables so that they could easily be passed through the seal of 

the oven door. Depending on the size of the oven, up to 16 thermoelements were used. These 

were arranged on a frame so that the temperature distribution could be investigated in all 

important areas of the furnace. This scaffold was constructed in such a way that it could also 

be used during operation and, therefore, also determined a possible influence on the 

temperature distribution by present test specimens. After stabilizing the temperature for one 

and a half hours, they carried out measurements over a period of 30 minutes. The data were 

evaluated with the help of a computer, so that also the deviations of each single measuring 

point from the average temperature Tm were obtained. 

Generally, the deviation from the set furnace temperature should not be greater than the 

tolerances described in the standard at any point of the furnace where test specimens are 

located (ISO 188: Storage temperatures ≤ 100°C → ± 1°C and at T ≥ 125°C → ± 2°C). In order 

to ensure and monitor this, the thermocouples must have an appropriate accuracy. BILLE and 

FENDEL calibrated their thermocouples in an oil bath using high precision thermometers 

before use. During this process, they usually found correction values below 0.3K, so they 

assumed that the accuracy of the temperature control was better than 0.2K. 

 

5.2 Influence of the Air Exchange Rate 

 

Three methods are commonly used to control the air exchange rate34: 

 With the aid of electrical consumption: At a constant temperature, an increase in the 

air exchange rate leads to an increase in electricity consumption. 

 Measurement of the air flow at a suitable place (e.g. at the exhaust pipe of the furnace) 

                                                           
33 vgl. BILLE, H. und FENDEL, H.: How to Do Hot Air Aging Tests Properly: A Survey of Influencing Parameters 
and Practical Guidance on Dealing with them in KGK Kautschuk Gummi Kunststoffe, 47.Jg., Nr.2, 1994, S.132f. 
34 Ebd., S.135 
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in order to calculate the air exchange rate. 

 In special cases, an inert gas can be filled into the furnace, which is easy to monitor. 

With the changing gas concentration, the air exchange rate can be calculated. 

 

In 1982, J.ROYO of the Spanish "Instituto de Plásticos y Caucho" in Madrid carried out a larger 

study of the influence of the air exchange rate on the results after heat aging. 

In the first part of the study, the influence of the air exchange rate on a natural rubber was 

investigated. Effects could be determined, but not always in a logical order, therefore other 

polymers were investigated in a second part: 

In a cell furnace, the influence of the air exchange rates of 3 and 6.5 and 10 air changes per 

hour was compared in order to cover the ISO 188 spectrum. The materials were aged for 168h 

at 100°C and 125°C. In addition, aging was investigated in a heating cabinet with forced 

ventilation, but at a very low air exchange rate of approximately one change per 8 hours. One 

NR and each two different SBR, NBR and EPDM materials were tested. 

An influence of the air exchange rate on the test results can be proven. This could also be 

shown by the statistical post-treatment of the results, e.g. with the standard variance analysis. 

However, it must be noted that this influence is not always immediately detectable for certain 

materials (especially NR and SBR in the present study). As a representation of the numerous 

test results, data from the report are quoted below, in which even the layman can notice the 

influences of the air exchange rate: 

 

Aging 

Conditions 

Initial 

Values 

Hot-Air Aging 

168h at 100°C 

Hot-Air Aging 

168h at 125°C 

Furnace Type  Heating 

Cabinet 
Cellular Furnace Cellular Furnace 

Air Exchange 

Rate (AER) 
 

1 AER/ 

8h 

3 AER 

/h 

6.5 AER 

/h 

10 AER 

/h 

3 AER 

/h 

6.5 AER 

/h 

10 AER 

/h 

Tensile 

Strength 

Median [N/mm] 

18.4 14.6 12.3 13.5 14.9 11.2 11.7 12.1 

Elongation at 

Break  

Median [%] 

740 480 450 460 490 390 360 370 

Change in 

Hardness 

Median [IRHD] 

50 
(here 

absolute 

initial value) 

+6 +5 +9 +6 +5 +5 +3 

Tab. 2: Influence of different air exchange rates on an EPDM compound (OE-EPDM)35 

 

It is interesting, that the aging in the heating cabinet (1LW / 8h) shows almost identical values 

as the aging in the cell oven with 10 air changes per hour. Testing EPDM at 100°C is rather a 

lower temperature for this material. As already described several times above, sufficient 

oxygen must be available for aging and due to the low test temperature, the oxygen 

requirement in the present case is rather low. It can be assumed that with 10 air changes in 

                                                           
35 ROYO, J.: Effect of air change rate on rubber accelerated aging tests in hot air. Part2. Aging of different 
compounds in: Polymer Testing, 3.Jg., 1982, S.126, table 8 
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the cell furnace, a similar amount of oxygen was available as in the large-volume heating 

cabinet with a low air change rate. 

However, it is difficult to explain the effect that at both temperatures the mechanical properties 

improve with increasing air exchange rate. The changes are, after all, very small, so that it is 

not easy to conclude whether the aging conditions were the only factors influencing the results. 

In addition, these deviations are still partly within the usual fluctuation range of the respective 

test methods. 

The surface does not appear to have been affected by the air changes, as there is no visible 

tendency in the IRHD micro-hardness. The inflow velocity seems to have a stronger influence 

here (see following section 5.3). 

In general, the test temperature for comparative tests must be very precisely matched to the 

compound. If it is too high, degradation effects superimpose the test, if it is too low, hardly any 

influences are visible. 

 

Aging 

Conditions 

Initial 

Values 

Hot-Air Aging 

168h at 100°C 

Hot-Air Aging 

168h at 125°C 

Furnace Type  Heating 

Cabinet 
Cellular Furnace Cellular Furnace 

Air Exchange 

Rate (AER) 
 

1 AER 

/8h 

3 AER 

/h 

6.5 AER 

/h 

10 AER 

/h 

3 AER 

/h 

6.5 AER 

/h 

10 AER 

/h 

Tensile 

Strength 

Median [N/mm] 

18.5 19.8 17.9 18.7 19.4 14.7 14.2 14.1 

Elongation at 

Break  

Median [%] 

500 340 340 350 340 70 60 70 

Change in 

Hardness 

Median [IRHD] 

69 
(here absolute 

initial value) 

+8 +4 +5 +6 +10 +9 +11 

Tab. 3: Influence of different air exchange rates on an NBR compound (with plasticizer FH of Farben-

Fabriken Bayer AG)36 

 

Table 3 shows the effect of excessive aging. The present compound already seems to be 

extremely destroyed after 168h at 125°C. This can be seen in particular in the change in 

elongation at break, which has dropped to almost 10% of the initial value. Due to this advanced 

aging, no influences of different air exchange rates are noticeable. 

At 100°C and 168h storage time, only the tensile strength shows a slight tendency, which is 

however, is not confirmed by the elongation at break which generally reacts sensitively to 

aging. 

Finally, it can be summarized that such systematic investigations on fundamental influencing 

factors in hot-air aging are very interesting and also helpful for the practical user of this test 

method. They show that the varied parameter can influence the result in a certain way. Due to 

the inhomogeneities in elastomers, random scatter during hardness measurements and tensile 

tests (see our comments on this subject on our website), it is difficult to find the causes for the 

differences found only in the aging conditions. In this context, however, it should be pointed 

                                                           
36 ROYO, J.: Effect of air change rate on rubber accelerated aging tests in hot air. Part2. Aging of different 
compounds in: Polymer Testing, 3.Jg., 1982, S.125, table 6 
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out that these scatters can only be minimized if all relevant influencing variables are defined 

for hot-air aging. Investigations such as these also help to take apparently small boundary 

conditions seriously and to define them in test specifications. 

 

5.3 Influence of Inflow Velocity or Air Speed 

 

ISO 188 describes that high air velocities improve temperature homogeneity in the furnace. At 

a slow air velocity, degassed compound constituents and degradation products accumulate in 

the furnace. Oxygen reduction may also occur. A high air velocity, on the other hand, increases 

the degradation rate through increased oxidation and removal of volatile plasticizers and 

antioxidants. ISO now requires air velocities and distinguishes between laminar and turbulent 

air flow.37 

SPETZ was able to demonstrate that at the time of his investigation (1994) the usual heat 

cabinets showed variations in the air velocities of almost 0 to 5 m/s. The air flow is turbulent 

and sometimes rotating. The circulating flow should be avoided in any case, as it can lead to 

a flow standstill in the middle of the circle, while the outer areas are supplied with circulating 

air.38 In the furnaces investigated by SPETZ, the air movement was generated by a fan behind 

a baffle plate on the rear or side of the furnace. 

FENDEL and BILLE built a frame with glass fibers. Instead of the furnace door, a plexiglas 

pane with drill holes was fitted. The movement of the glass fibers could be observed through 

the pane and an air velocity sensor could be inserted at various points through the holes.39 

In the investigation of the influence of air velocity by Göran SPETZ40, two special furnaces 

were developed. The first furnace was designed with an air velocity of 0.3m/s and the second 

with an air velocity of 3m/s. In addition, investigations were also carried out in a cell furnace 

with an air velocity of about 0.001 m/s. Heat aging was carried out for 1000h (70°C for NR and 

SBR and 100°C for NBR and EPDM).  

Especially in the examined weight and hardness changes tendencies could be observed with 

EPDM and NBR. Only the NBR tensile test showed visible differences between specimens 

aged in the cell furnace and in the heating cabinets. An influence of the different air velocities 

in the ovens (0.3 m/s and 3 m/s) couldn't be detected here. 

Because of the heat aging in the cell furnace with practically zero air velocity, the surface of 

the test specimens ages much less than in heating cabinets with much higher air velocity. 

Micro-hardness mainly measures surface effects. It can also be explained that the change in 

hardness is more sensitive to the air velocity than the parameters investigated in the tensile 

test.41 

 

 

                                                           
37 vgl. International Standard ISO 188: ISO 188: Rubber, vulcanized or thermoplastic — Accelerated aging and 
heat resistance tests, Fifth Edition: 2011-10-01, S.2, Unterabschnitte 4.1.1 und 4.1.3 
38 vgl. SPETZ, Göran: Improving Precision of Rubber Test Methods: Part 2 – Aging in: Polymer Testing, 13.Jg., 
1994, S.247, Fig. 7 
39 vgl. BILLE, H. und FENDEL, H.: How to Do Hot Air Aging Tests Properly: A Survey of Influencing Parameters 
and Practical Guidance on Dealing with them in KGK Kautschuk Gummi Kunststoffe, 47.Jg., Nr.2, 1994, S.135 
40 SPETZ, Göran: Improving Precision of Rubber Test Methods: Part 2 – Aging in: Polymer Testing, 13.Jg., 1994, 
S.255ff. 
41 vgl. SPETZ, Göran: Recent Developments in Heat Aging Tests and Equipment in: Polymer Testing, 15.Jg., Heft 
4, 1996, S.388 
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Changes After Heat 

Aging 

1008h at 100°C 

NBR – Change 

in Hardness 

[Shore micro] 

EPDM – 

Change in 

Hardness 

[Shore micro] 

NBR –  

Mass Change 

[%] 

EPDM –  

Mass Change 

[%] 

In the Cell Furnace 

(0.001m/s) 
+10 +11 -3.8 -0.7 

In the Warming 

Cabinet (0.3m/s) 
+14 +10 -9.5 -1.4 

In the Warming 

Cabinet (3m/s) 
+14 +10 -9.9 -1.8 

Tab. 4: Influence of different air velocities on the hardness and mass of an NBR- and  

EPDM Elastomers 42 

 

For the other materials investigated (NR, SBR), there were no clear tendencies. It should also 

be noted, however, that such investigations are strongly dependent on the respective 

compounds. For this reason, the formulations of the individual compounds were also described 

in the technical paper. Reference is made to it for more details. 

 

5.4 Influence of Specimen Geometry 

 

As already described above, 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 volume), delayed aging occurs because relatively little oxygen can penetrate the material 

and fewer antioxidants can be emitted or consumed. 

In order to obtain reproducible results when comparing the results of different specimens, it is 

important that the specimens to be compared have a similar surface-to-volume ratio. 

Due to the complexity of many elastomer components from technical applications, it is 

understandable that their aging results can only in extremely rare cases be compared with 

those determined on standard specimens. 

In the following table, the surface area of all the dumbbell bars used in ISO 37 and DIN 53504 

was put in relation to the volume. 

Since in the tensile test the dumbbell bar should tear within the standardized measuring length, 

only this area was examined. The inclusion of the shoulders could possibly have led to 

falsifications, since the aging of the shoulder areas is not investigated in the tensile test. 

Now the volume in the range of the measuring length of a shoulder rod was calculated. A 

problem arose with the "end cap areas" of this volume range. The term "end cap area" refers 

to the cross-sectional area of the test rod at the beginning and end of the measuring length (= 

web width x thickness of the test rod x 2). In reality, no direct diffusion of the test medium hot 

air (in particular oxygen) can take place on the full end cap surface, since in a real shoulder 

rod these surfaces are not exposed but merge into the shoulder area. An assumption had to 

be made here and only 30% of these two surfaces were included in the calculations. 

 

 

 

                                                           
42 Die Daten wurden entnommen von: SPETZ, Göran: Improving Precision of Rubber Test Methods: Part 2 – 
Aging in: Polymer Testing, 13.Jg., 1994, Appendix 3, S.267 
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Dumbbell Bar 

Designation 

Volume of 

Measuring Length 

[mm³] 

Surface with 30% end 

cap area [mm²] 

Ratio: surface to volume 

[1/mm] 
DIN 53504 ISO 37 

S1 Type 1 310 417.4 1.35 

S1A -------- 250 356 1.42 

----- Type 1A 200 286 1.43 

S2 Type 2 160 244.8 1.53 

S3A Type 3 80 124.8 1.56 

S3 Type 4 20 61.2 3.06 

Table 5: Surface to volume ratio of standardized shoulder bars from DIN 53504 and ISO 37 in the 

measuring length range 

 

Table 3 shows that the results obtained on S3 and Type 4 test rods should in no case be 

compared with those obtained on the other test rod sizes. 

 

 

6. Usual Accuracies in Heat Aging 

 

When determining the precision of heat aging, the problem arises that it can only be 

determined indirectly and distorted. 

The influence of hot-air aging on an elastomer is determined using test methods (e.g. hardness 

test and tensile test (evaluated are usually tensile strength at break, elongation at break, stress 

value 100%)), which themselves show certain inaccuracies. 

Since the influencing factors on the test results are very complex processes, which also 

strongly depend on the respective compound, it is unfortunately not possible to subtract the 

fluctuation range of the respective test method from the fluctuation range of the heat aging. 

In general, "it is known that repeatability and comparability are very problematic in usage- and 

aging tests".43 It can be said that the range of variation, such as the tensile strength after hot-

air aging, is greater by several integer factors than the range of variation of the tensile strength 

on unaged specimens. 

However, the use of state-of-the-art testing and monitoring technology and the well-founded 

professional training of laboratory staff allow meanwhile a good reproducibility of the test 

results. 

For more information, please refer to Annex B (Annex B) of ISO 188 (2011-10-01 edition). It 

describes two large-scale comparative tests in different laboratories and on different materials. 

These interlaboratory comparisons were carried out in 1996 and 2005. 

A very detailed description of the procedure and evaluation of an interlaboratory test on the 

precision of hot-air aging was published in 1992 in the German trade journal KGK - Kautschuk, 

Gummi, Kunststoffe.44 

 

 

 

                                                           
43 Translated from CLAMROTH, R.; TOBISCH, K.; WÜNDRICH, K.; BARCZEWSKI, H.: Präzision von 
Ergebnissen der genormten Alterungsprüfung bei Elastomeren in: KGK, 45.Jg., Nr.11, 1992, S.968 
44 Ebd., S.968-981 
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Appendix 

 

Due to many different standards and manufacturers of laboratory furnaces, various similar 

technical terms are used in the literature. We could not always find out whether the authors 

used certain terms synonymously with those in the respective standards. However, with this 

overview we would like to give an initial orientation for the interested reader: 

 

Generic 

Term 

German English 

Standard 

Air Oven 

 Wärmeschrank (DIN 53 508) 

 Standard Ofen 

 Geerofen (bis in die 1960er Jahre 

in Deutschland häufig verwendet) 

 Umluftofen 

 Kabinettofen 

 Heißluftofen 

 Alterungsofen 

 Ofen 

 Air oven (ASTM D573) 

 Cabinet oven (ISO 188: Die ISO 

verwendet „air oven“ als 

Überbegriff für „cabinet oven“ 

und „cell-type oven“) 

 Geer oven (still in use today in 

English literature) 

Cell-Type 

Oven 

 Zellenofen (DIN 53508)  Deterioration by heating in air 

(test tube enclosure) (ASTM D 

865) 

 Metal block type aging oven 

(ASTM D865 Subheading for a 

cellular furnace with a metal block as 

heat transfer medium) 

 Cell-type oven (ISO 188) 

 Cell aging ovens (reference from 

Göran SPETZ) 

 Multi-cell aging oven (reference 

from J. ROYO)  

Heat Aging  Künstliche Alterung (DIN 

53508) 

 Alterung in Heißluft 

 Beschleunigte Alterungsprüfung 

 Alterungsprüfung (Wenn ohne 

Zusatz ist meist Heißluftalterung 

gemeint) 

 Alterung bei erhöhten Tempe-

raturen 

 Oxidative Alterung 

 Heat aging 

 Accelerated Aging (ISO 188) 

 Deterioration by air at an 

elavated temperature (ISO 188) 

 Deterioration in an Air Oven 

(ASTM D 573) 

 Oxidative and thermal aging 

(ASTM D573 in the current standard) 

 Oxidative Aging 

 Aging at elevated temperatures 

 Heat-resistance test (reference 

from MITSUHASHI et al.) 

Air Circulation 

Speed 

 Strömungsgeschwindigkeit an 

den Probekörpern (DIN 53508) 

 Air speed (ISO 188) 

 Air circulation speed (reference 

from BILLE und FENDEL) 
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Air Change 

Rate 

 Lufterneuerung pro Stunde (DIN 

53508) 

 Ventilation of X changes per hour 

(ISO 188) 

 Air change rate (ISO 188) 

 Rate of ventilation (ASTM E145 

“Oven Standard”) 

 Air exchange rate (reference from 

Göran SPETZ) 

Forced Air 

Circulation 

 Zwangsläufige Durchlüftung – 

Umluftbetrieb mit Frischluf-

tzusatz (DIN 53508) 

 Forcierte Umluft (Ofenhersteller 

BINDER) 

 Forced air circulation (ISO 188) 

 Forced ventilation (ASTM E145 

“Oven Standard”) 

Ventilation by 

Gravity 

Convection 

 Natürliche Durchlüftung (DIN 

53508) 

 Ventilation by gravity convection 

(ASTM E145 “Oven Standard”) 

Table 4: Comparison of different technical terms with the same or related meanings in German and 

English with regard to the thermal ageing of elastomers 
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