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Ageing is a collective term for changes in properties
of materials that occur on longer term storage,
without the action of chemicals, that lead to partial
or complete degradation

These changes can occur in form of degradation
processes, embrittlement-, rotting-, softening and
fatigue processes, and/or static crack formation
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Influence on ageing resistance

1) Type of polymer
- Saturated or unsaturated polymer backbone

2) Type of vulcanization system

- Crosslink density and distribution

3) Type of antidegradant
- staining or non-staining
- fatigue- , oxygen or ozone resistant
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Oxygen

Depending on the type of rubber oxygen can:

cause molecular chain cleavage, whereby the
mol ecul ar networ k 1 s
softening)

- NR, IR, IIR

cause crosslinking, whereby a higher crosslink
density is effected (hardening, embrittilement)
- SBR, NBR, CR, EPDM
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Oxygen in combination with heat

- Heat accelerates oxidation and the effects of
oxidation are observed sooner and more
severe as the temperature Increases

- At low temperatures oxygen uptake is roughly
linear, while at higher temperatures It

changes to a autocatalytic reaction
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Heat stability and crosslink length

A Sulphur links exhibit increasing bond energies with
decreasing sulphur content

A Vulcanizates with high bond strength crosslinks
(C-C bonds) obtain a significantly better heat
resistance than those with crosslinks of lower bond
strength (C-S,-C bonds)

A Vulcanizates with shorter crosslinks (semi-EV, EV,
sulphur donor and peroxide systems) have generally
better heat stability than those with polysulphudic
crosslink (CONV vulcanization)
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PRI

leat ageing
1ISO 188

A Geer en cell ovens

A Results are expressed in change (%) in:
I Hardness
I Stress-strain properties va |
I Tear resistance
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Temperature resistance of some
elastomers

I I "] NBR Acrylonitrile-Butadiene

Hl HNBR Hydrogenated Acrylonitrile-Butadiene

5 B CR Chlorobutadiene

Bl AcM Acrylate

B 8 EPDM Ethylene-Propylene-Diene
e oe%e%e 8 FymMQ Fluorosilicone
I [ | FPM Fluoro-rubber
Bl wmvaQ Silicone
100 C 50 C 0oc 50 C 100 C 150 C 200°C 250 C

HE  Permanent temperature range for use

XA Short periods temperature range for use




Life-time estimation
1ISO 11346

100% certainty can only be obtained by actual long
term testing

The chemical reaction rate in general increases with
Increasing temperature

Exposure of test pieces to a series of elevated
temperatures  results in the reaction rate of the
degradation mechanisms

Extrapolationto the temperature of use resultsin the
life-time estimation
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Arrhenius equation

¢ The Arrhenius equation can be used for properties
whereonly chemicaldegradationoccurs

E
INK(Tx:=B——
(TF RT

¢ Tests have to be performed at at least three
temperaturesandfor at leastthree time-periods

¢ Temperaturesshouldbe chosenin sucha way that the
G U K NB@ K2 dz®eEchedwithin the time-period of
testing
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Life-time estimation
1ISO 11346

800 -

700 -
—_~ 600—
X 500 -
o ]
= 400+ B .
6 ' 12
2 300 Y. _a . .
< [ \\____“_&‘ || R0 P
5 200- \ Ty /
w ] * E 0.8

100 - § ., /

0 E 0.4 /

QO -




Life-time estimation

Life-time estimation in years at different temperatures

Rubber
30°C 40°C 50°C 60°C 70°C 80°C
1 9.9 4.3 2.0 1.0 0.5 0.3
2 28 10.9 4.5 2.0 0.9 0.4
3 132 44 15.5 5.8 2.3 1.0
4 4641 874 182 42 10.4 2.8
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Ozone

A Ozone attack occurs via reaction of ozone with the
unsaturated bond —— double bonds break and
cracks are Initiated

A Without extension of the vulcanizates cracks are not
formed

A Cracks appear slowly and perpendicular to the
direction of the applied stress

A Speed of crack formation depends on temperature,
ozone concentration and relative humidity
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