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The project sponsor is looking for polymer-filler systems to decrease the cycle time in molding applications. A
model that accounts for transient thermal conductivity as air leaves the system and the heat of polymerization was : :
developed to predict the thermal behavior of polymer-filler systems without having to purchase materials and This work 1Is sponsored by Unnamed
spend time on experiments. Additionally, the effect of preheating the polymer material before curing on the cure Company at SpOﬂSOF’S request.

time was investigated. From the model, it can be determined incorporating as low as 1-2 vol% filler can drastically

lower the time to reach the cure temperature. Further, preheating the polymer shortens the cure time of thermosets

significantly.
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Model Development
Figure 5: Shows cure of thermoset resin system as a function of heating
time. Heating time from a) to 1) 10 sec, 60 sec, 90 sec, 120 sec, 130 sec,
1 d dT Q dT 140 sec, 150 sec, 160 sec, 180 sec.
k ——\|\r— 4+ —| =— Figure 6: Shows cure as a function of preheating temperature and heating
r dT' dT' pC dt time. Heating time for each pair of samples displayed above each image pair.
+ Preheat experimentation determined that preheating polymer before Images also contain temperature of polymer at start of molding. All mounts
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* k= thermal conductivity, Q = heat generation from polymerization, r = seconds are near completely cured, which is a 22 % reduction in cure
radius, ¢ = specific heat capacity, T = temperature, t = time, and p = percentage compared to the 180 seconds it takes when not preheated.
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* A transient function was coded into the program to continuously update
the thermal conductivity as air leaves the system and heat generation
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* Part a shows a colorimetric representation of the temperature profile at
the center point of the system over time for a range of filler
concentrations
* Part b plots the time 1t takes the center point of the system to reach the
cure temperature and compares to the cost per sample

Figure 8: Bar graph representing the cost per sample for the minimum
concentration of filler at the fastest heat rate for different filler options
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ethanol testing. * Leverage modeling tools to 1dentify high preforming and cost-effective
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amount of time required for complete cure and were compared to non- * Further investigate long term effects of preheating on thermoset
preheated samples. performance.
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