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their high specific strength and stiffness, and ease of manufacturing. Epoxies are commonly used as molds (D=0.56") for 5 hours at 80°C followed by 3 hours at 140°C. After the cure, the samples were cut . 6 | Temperature | (MPa per decade) . .
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encapsulants and adhesives, as well as in many other applications. Because of their relatively high strength to have a length of 1.12” to provide a 2-to-1 length to diameter ratio. Samples were annealed at ~30°C —— T
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and glven apphcaﬂons’ epoxles may be exposed to elevated temperatures and harsh environments for long above the glass transition temperature, Tg, for 30 minutes and then COOICd to room temperature at [ -?-28/911176 c / b ] = S ®
periods of time. Being held at these conditions can result in the aging of the material. When using epoxies 1°C/minute to erase history associated with the manufacturing process and define a known history. e B AT o 4 _ = e 31
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for long-term applications, it is important to take into account the effects of aging because of the potential After samples wete prepated, they were placed into one of four ovens held at temperatures of T _19°C > 828/T403
changes in reliability of the material. 96°C, 106°C, 116°C, and 124°C (corresponding to 19°, 27°, 37°, and ! .
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In this work, the effects of aging were studied on an anhydride-epoxy system. This system was 47° below T,). The samples were allowed to remain in the ovens for 55| 828403 o Aging Rate of Change :
composed of a DGEBA epoxy resin (EPON 828, Hexion), an anhydride (Aradur 917, Huntsman), as well up to 1000 hours. Compression samples were tested on an Instron é T~ Tea 7O G WA “om Temperature (M':;;;frj:;;de) 828/917
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as an accelerator (DY 070, Huntsman) to increase the rate of reaction between the epoxide and the load frame. The samples were allowed to equilibrate to test > 50- u ‘ 1 - : T 35°C 43
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anhydride. This system (epoxy-tich, 1:0.9 molar ratio of epoxide:anhydride) will be referred to as 828/917. temperature for 1 hour and then compressed to a 12% strain at a < B Chemical + Physical : ] T, -25°C 53
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EPON 828 Aradur 917 DY 070 While current 828/917 experiments include any chemical and : Aging Time (hrs) T,-7°C 6.1 ' TT_(C)
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0 O O o _Ah_o O O o_~ o 5 “\ pre\.nous work on other matemal.s suggc.:st the d.omma.nt (;Oﬁtﬂbutlon . P C R R * At lower aging temperatures (< T,-25°C), 828 /T403 yield stress evolution appears to exhibit an “induction time”

- Ton, o 5 K \ N\ to yield stress changes are associated with physical aging. Aging Time (hours) *Discrimination of such an induction time for the 828/917 yield stress evolution is not clear at this point. Additional

© data at longer aging times may resolve this question.
Diglycidyl Ether of Bisphenol A Tetrily}cllrngthahc 4-Methyltetrahydrophthalic 1-methylimidazole * At equidistance from T, 828/T403 exhibits a faster evolution of yield stress than 828/917
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Epoxy-Anhydride Results

The results are compared to those found for an amine-epoxy system, composed of the same DGEBA Glass Transition Temperature of Batches

resin but mixed with Jeffamine T-403 (at a stoichiometric ratio), a polyetheramine. M : : CO“CI usions

An 828/917 epoxy-anhydride system was aged for up to 1000 hours at four different sub-T,

ffamine T-403 e . . .
EPON 828 Jeffamine - temperatures. The effects of aging on the compressive stress-strain response are assessed and compared
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Hic CHy a o OH, o : g *  Yield stress increases with aging time for both materials
Diolveidel Ether of Bisnhenol A Polyoxypropylene Polyamine 141] % * The effects of aging are not equivalent between the materials at the same distance from T; the
- I(Y)O pbw ’ 43 pbw : > 828/T403 yield stress evolution occurs faster
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* If physical aging 1s the dominant contribution to yield stress evolution, this suggests that
the more rigid structure of the anhydride molecule (versus the amine) and the differences
in network structure between the thermosets results is less ability of the epoxy-anhydride
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The network formation of these two thermosets 1s considerably different, due to the epoxy-amine
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reacting by a step-growth mechanism versus the epoxy-anhydride reacting by a chain growth mechanism The glass transition temperature variation The 828/917 material exhibits a slope of 26.5 kPa/K per

from batch to batch. The average T, found decade, implying an Eyring activation volume of 1.2 nm?
to be 143°C with a range of 3.7°C

A comparison of these materials provides some insight into the dependence of aging on network to physically rearrange below T, and densify the matetial.

Temperatutes well below T, (e.g., T,-25°C and below) appear to exhibit an induction time before
L | . 804 observing a significant change in the yield stress. This is particularly apparent in the 828/T403 data
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} so0 oo A with the induction time increasing with distance below Tg. It is less distinct in the 828 /917 data at this
i st

Hobt o 3  16h B 1 . te : point due to the smaller total changes in yield stress, but may become more apparent as data at
' | | 1 t {502 : : additional aging times is obtained.
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"1 Moving Forward

60 - The current research focused on the effects aging has on the yield stress of the system. Future

structure.

Bond Structure Differences® Yield Stress vs Aging Time

Chain Structure Differences’* Epoxy-Amine
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work will include the following:
Add additional aging temperatutes closet to T, (136°C; T,-7°C)
Continue aging samples to examine effects of more long term aging
Erasing the physical history of the samples after aging and before testing to discriminate any chemical
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aging temperatures. At lower aging temperatures
(96° and 106°C), an increase in yield stress is
more difficult to discriminate.
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