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A TEST OF THE ARRHENIUS EXTRAPOLATION ASSUMPTION FOR A NITRILE RUBBER*

Kenneth T. Gillen, Jonathan Wise and Roger L. Clough
Sandia National Laboratories, Albuquerque, NM 8718_0367

The Arrheninsrelationshippredictsa linear relationshipbetweenthe log of the time to a certainamount
of materialpropertychange and the inverse absolutetemperature,with the ArrheniusactivationenergyEa
defined fromthe slope of this line. Data aretypically analyzedovera range of elevated temperature
exposuresto determineif this linearityoccurs. When it does, long-termpredictionscan be attemptedby
assuming thatthe linearitycontinues beyondthe temperaturerange of the data,i.e., by extrapolating the
Arrheniusbehaviorto lower temperatures. In recentyears, we have been criticallyexamining the
Arrheniusapproachto betterunderstandits capabilitiesandlimitations1"3. The currentpaperattempts to
addressthe validity of this importantextrapolationassumption.

For a nitrilerubbermaterial, we have shownthat Arrheniusbehavior can be observed for tensile
elongation results,even in the presenceof complex diffusion-limitedoxidationanomalies2,3. Figure 1
shows the normalizedelongation results versus air-ovenaging temperature for this material. To test for
Arrheniusbehavior, we select several levels of degradation (e/eo equal to 0.75, 0.5 and0.25 in the present
case) and plot at each level the relationshipbetweenlog time and inverse absolutetemperature. Figure2
shows that the resultsare linear (Ea -- 22 kcal/mol from the slope) and independentof degradationlevel,
indicating Arrheninsbehavior. This implies that the data of Fig. I shouldsuperpose when shifted to a
common referencetemperature using the Arrheniusfunctionality. Figure 3 shows the superposedresults
at 23°C, where long lifetimes (hundredsof years) arepredicted.

Critical to such predictionsat low temperatures is the assumptionthatEa remainsconstant in the
extrapolationregion (see Fig. 2). The relianceon extrapolationscan be reduced,and confidence in
predictedlifetimes increased,however,by measuringdegradation attemperaturesin the extrapolation
region or, preferably,at the service temperature. Achievingthis goal requiresultrasensitive techniques
that measure processesdirectly relatedto the reactionsresponsiblefor macroscopicdegradation. Oxygen
consumptionmeasurements fit these requirements,since they can be verysensitive and oxidation
reactionswere foundto dominate the deteriorationof mechanicalpropertiesfor this nitrile material2,3.
Measurementswere made at six temperaturesranging fromambientto 95°C, with three temperatures in
the extrapolationregion and three temperaturesin the range used for the tensile data, the resultsare
shown in Fig. 4. Using the 23°C data as a reference,the otherresultswere horizontally shifted by a
constant shift factoraT appropriateto each temperatureto empirically obtain the best overall
superpositionof the data. Figure5 sho_,s the resultingsuperposed data, the empirically derived values of
aT are plottedversus inversetemperaturein Fig. 6. From95°C to 52°C, the Ea for oxygen consumption
is identical to the Ea appropriateto the elongation (Fig. 2), offering furtherevidence that the oxidation
processesare responsiblefor the degradationin macroscopictensile properties. Below 52°C, however, the
Ea foroxygen consumption appearsto dropslightly to around 18kcal/mol, implying thatthe Arrhenius
extrapolation assumptionprobablyoverestimatesthe tensile propertylifetimeby a factorof approximately
two at 23°C. These resultsdemonstrate the feasibilityof measuring degradationrates at temperatures
approachingambient. Further,the change in Ea observed for the nitrile rubber,while not necessarily
universal, laighlights thevalue of measuring degradation at or near servicetemperatures.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infr/nge privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-,
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors exp_ herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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