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Abstract
Becausetires spendmost of their lives at ambienttemperature,knowledgeof oxidation
kinetics in this temperatureregimeis very important.Oxidation hasbeenshownto be a
key degradationmechanismin beitcoatcompoundgoverningbelt edgedurability in
passengertires. Theultra-sensitiveoxygenconsumptiontechniquedevelopedby K
Gillen’ wasusedto measureoxidationkinetics of a passengertirebelt coatcompound
over a wide temperaturerange,includingambienttemperature.Theultra-sensitive
oxygenconsumptiontechniqueallows accuratemeasurementsin this lower temperature
regime, from which accuratetime-temperaturelifetime oxidationmastercurvescanbe
obtained. In this way, it is not necessaryto extrapolateto ambienttemperaturesto predict
lifetime at servicetemperatures.

Strategyfor DeterminingAgedPropertyRetentionat Ambient Temperatures

Althoughthe measurementof propertydecayat elevatedtemperaturesand subsequent
extrapolationusing an Arrheniusfit hasbeenusedto predictpropertyretentionat
ambienttemperatures,it is generallynotsatisfactory2.Thepurposeof this work was to
find anotheravenueto determineagedpropertyretentionof beltcoatcompoundat
ambienttemperatures.The oxidationkineticswas studiedusing theultra-sensitive
oxygenconsumptiontechniquedevelopedby K Gillen1. This techniquehasbeenshown
to be ableto accuratelymeasureoxidation kinetic at ambienttemperatures2-4 These
kinetic resultswere subsequentlyusedin combinationwith physical propertydatato
predictagedpropertyretentionat ambienttemperatures.The agedpropertyretentionwas
studiedusing tensilepropertieson agedthin sheetsin an ovenunderacceleratedaging
conditions. Thin sampleswereusedin eachcaseto ensurethat diffusion limited
conditionsdid not existduring theexperiment. Experimentswereconductedon
passengerbeltcoat/wedgecompoundextractedfrom thebelts at thebelt edgeregion. The
tire was a passengertire after 1.5 yearsof servicewith sizeP215175R15.

OxidationKinetics

Oxidationkineticswas measuredover a rangeof temperaturesfrom 20°C to 80°C. The
isothermalresultsare shownin Figure 1. A typical wayto determineactivationenergyis
an Arrheniustype plot shown in Figure2. Theresultsshowthat theactivationenergyfor
oxidation of beltcoatcompoundabove50°Cwas 100 kilojoules per mole. Below 50°C
therewas a deviationfrom thelinear dataexpectedby Arrheniustype analysis. In the
samemeasurementscarbondioxide andcarbonmonoxidegenerationweremeasured.
Thecarbondioxide andcarbonmonoxidegenerationratesareshownin Figures 3 and4,
respectively.Thecarbondioxide andcarbonmonoxidegenerationratedataappearto be
linear in an Arrheniustypeanalysis. Their activationenergieswere88 kilojoules per
mole and96 kilojoulesper mole, respectively.By repeatedultra-sensitiveoxygen
consumptionmeasurementson thesamesample,the integratedoxygenconsumptionfor
eachtemperaturewas obtainedFigure5. Time temperaturesuperpositionwas usedto
generatea mastercurvethroughempirical shift factorsFigure6. Subsequently,the
shift factorswereplottedasafunction oftemperaturein an Arrheniustypeplot Figure
7. Theshift factorswere linearabove50°Cwith activationenergyof 100 kilojoules per
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Figure2: Oxygen ConsumptionRatefor BeitcoatCompound
asa Functionof Temperature
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Figure3:CarbonDioxide GenerationRatefor BeitcoatCompound
as aFunctionof Temperature
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Figure 6: Time-TemperatureSuperpositionof
IntegratedOxygenConsumption
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Figure 7: 02 ConsumptionShift Factorsas a FunctionofTemperature
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Figure9: Time-TemperatureSuperpositionof Elongationto Break
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Figure 10: ElongationShift Factorsas a FunctionofTemperature
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Figure: 12 Comparisonof shift factorsfrom Elongationand

tE01

Ea921cJ/mole
i.E+00

2 i.E-Ui -

Ct
U:
P i.E-02-

______

MO200ns
-.

.002 gen

-i.E-US - ,a CO gen

0elong

1.E-04- I I I I
2.50 2.70 2.90 3.10 3.30 3.50

1/Temperaturel000/°K

SummaryandConclusions:

1. Extrapolationsfrom high temperaturesto lower temperaturescan lead to invalid
estimatesof oxidation rates. To rank oxidation resistancein field tires it is
preferableto measureoxidationkineticsat servicetemperatures.

2. The ultra-sensitiveoxygenconsumptiontechniqueallows accuratemeasurement
of oxidation kinetics at temperaturesbelow 50°C in a reasonableamount of
experimentaltestingtime monthsinsteadof years.

3. At temperaturesbelow 50°C therewas a changein the mechanismof oxidationin
beltcoat compound. Degradationwas ten 10 times faster than extrapolated
valuesfrom elongationto breakdata.

4. Elongationto breakfor various temperaturesgenerateda propertydecaymaster
curve. It was subsequentlyshift onto ambientservicetemperaturesof interest.
Theultra-sensitiveoxidation methodwith time temperaturesuperpositionhas
generatedthenecessaryshift factorsin the ambienttemperatureregion to predict
physicalpropertydecayat ambienttemperatures.
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