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showed that post-curing can take place over one year in certain materials and actual
ageing appears to only take place thereafter.

For civil engineering applications in-service temperature for sealants are not
expected to exceed 70°C and typically, higher test temperature are likewise not
used. Assuming results between natural ageing over 4 years and artificial ageing
over 36 weeks (6000 hours) correlate reasonable well, one can then postulate that
there exists a time-compression factor of 1:6 (32 weeks: 4 x 52 weeks). The
current results indicate that virtually all sealants can be tested to temperatures of at
least 90°C without adverse effects. Assuming that this can be extended to higher
temperatures as wee, time-compression factors for different test temperatures can
be calculated from the Arrhenius equation as provided in Table 3 below.

Table 3 — Estimated time-compression factors at
given temperatures

Test temperature °C | Time-compression factor
70 1:6
80 1:12
90 1:24
100 1:48
110 1:96
120 1:192

It is to be noted that each 10°C increase in test temperature doubles the time-
compression factor. The implications regarding this proposal suggest that
considerable savings in time and costs can accrue provided the applicability of test
temperatures in excess of 70°C can be substantiated by additional work. Based on
these promising initial results, the current test series is being extended. As well, the
degree of correlation declines only slightly with increases in test temperature
within the range of temperatures examined in this study.

3.2 Tests on model joints in comparison to free-films

Model joints were tested on 10 of the 16 products evaluated in this study. Changes
in tensile strength and elongation at break for specimens exposed to 4 years natural
weathering were similar to results obtained from free-films with the exception of
material AS. In this case, results obtained for the elongation at break from the free-
film specimen did not correspond to that of the model joint compound; it is not
possible at this time to offer an explanation for this occurrence. In the case of
materials AS, A6, A7, A8 and C23, it was possible to obtain values for both the
tensile strength and elongation at break whereas for the remaining materials,
adhesion was lost prior to being obtaining useful results.

Model joints subjected to artificial ageing series No. 1 provided similar results
to those aged in natural conditions based on results of tensile tests on products AS
and A6. It must also be noted that post-curing occurs more slowly in model joints
as compared to free-films and as well, the effect of UV radiation is less pronounced
in model joint specimens. Ultra violet radiation essentially produces only surface
effects. Results for values of modulus at 50 and 100% extension did not provide as
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With respect to the use of ATR-FTIR, it has been observed that this method
does not provide useful results since it requires a near perfect contact between the
ATR crystal and the surface of the sealant sample. This condition very often is not
met because the surface of the degraded polymer is comparatively rough and
uneven in relation to the un-degraded specimen. On the other hand, PAS is the
technique of choice for sealant materials since surface roughness is not important
in this technique and changes in chemical spectrum can readily be obtained using
this method.

4 Proposal for standard test methods

4.1 Free-film and model joints

Free-film specimens should be used where adhesion to the substrate is not critical
to evaluating the product. Specifically, this applies to those materials that are used
as a jointing tape or ‘Band-Aid’ jointing product. Where previous trials have
shown that the sealant adhesion to the substrate is likely to remain, or indeed,
increase over the long-term, then the use of free-film testing is considered
adequate. In all other cases, tests on model joints are preferred.

4.2 Thermal or combined ageing

Thermal ageing alone is suitable for those elastomeric sealants that have at least
some sensitivity to UV radiation. Of the 16 materials evaluated in this study, the
products that could be tested in this fashion include A5, A6, A7, A8, A19, A21,
D24 and E25. The simplicity of thermal; ageing lends itself very well to
accelerated ageing, e.g., it is possible to test these products at 120°C as opposed to
the typical test temperature of 70°C. Testing at 120°C would provide a time-
compression factor of 1:192 and this would permit estimating the effects of ageing
over 11 years with a test conducted in 500 hours (3 weeks). The results could
potentially be extrapolated to 22 years.

Combined ageing should be used for all products that have a certain higher
degree of UV sensitivity. These materials include A17, A18, B9, B10, B12, B22,
B28 and C23. The time-compression factor is 1:24 for tests conducted at 90°C and
this implies a test time of 3000 hours (18 weeks) that would simulate ageing over
about 8 years. Other possible suggestions include conducting the test over 500
hours (3 weeks) such that 2.5 years of ageing is simulated.

5 Conclusions

Considerable work has been undertaken to artificially and natural age a series of
high-performance sealant products in an effort to determine test methods and test
regimes most likely to simulate in-service conditions. This substantial set of result
remains to be fully reviewed, however, in this report the following is apparent:
e Post-curing can take place over one year in certain materials and actual
ageing appears to only take place thereafter.
e Virtually all sealants can be tested to temperatures of at least 90°C without
adverse effects.



Changes in tensile strength and elongation at break for specimens exposed
to 4 years natural weathering were similar to results obtained from free-
films (with the exception of 1 of 8 silicone-based materials).
Continuous extension alone has only a very slight effect whilst artificial
ageing with simultaneous extension-compression cycling has a significant
and negative effect on performance indicators.

The use of DSC appears to be the most suitable method for investigating
changes in glass transition temperature (T,) for elastomeric sealants.
Photoacoustic FTIR spectroscopy is the technique of choice for sealant
materials since surface roughness is not important in this technique and
changes in chemical spectrum can readily be obtained using this method.

The research should continue such that a comprehensive assessment of

different ageing regimes and their effects on various sealant products can be
ascertained. This work would then provide a fundamental basis for developing
useful and predictive assessment tests for sealant products currently in use.
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