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OFFICE OF CONTRACT ADMINISTRATION 

NOTICE OF PROJECT CLOSEOUT 
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23-March-1993 

To: Emilio Ferrer - Lockheed 

From: Mach DeBenedictis· Georgia Tech 

Re: Kinetic Model Constants for PR-500 

Emilio: 

A Viscosity model as a function of extent of reaction has been developed for the 
PR-500 resin. Viscosity vs time data was extracted from 3M's PR-500 data sheet. 
which you had supplied to me. The PR-500 kinetic model which was developed 
earlier was used to develop time, extent of reaction, and rate of reaction data for each 
of the 5 temperatures shown on the viscosity data sheet. From this data. the extent of 
reaction at any time-temperature combination could be determined. Both these data 
sets were used to construct temperature, extent of reaction, and viscosity tables. This 
data table was fit using a non-linear least squares curve fitting routine contained in the 
JMP for Macintosh computer program. The model suggested by M. Bruschke was 
found to be inadequate (see output). As similar model suggested by Lee, Loos and 
Springer (•Heat of Reaction, Degree of Cure, and Viscosity of hercules 3501-6 Resin", 
W.l. Lee, A. C. Loos, and G.S. Springer, University of Michigan) was also found to 
provide a poor fit. A model suggested in the report ·computer Aided Curing of 
Composites" (McDonnell Douglas Corp, July-1986), was found to yield a good fit. The 
model used FITTING THE LN( VISCOSITY) (in centipoise): 

1 

where: A 1 , A2., c1 • and c2 are constants. 
Extent of reaction ranges from 1·100 (0/o) 

The frtted values are: 

A 1 ••••••••••.••••••.••••••• -2.823 
A2. •....•••............ 0.00717 4 
c1 ............................ 2.539 
c2 .................... -o. 00644.8 

1 



Included with this fax is the JMP non-linear fitting output. Time vs Viscosity and 
Extent of Reaction vs Viscosity graphs of the raw data and the model fit are also 
Included. As can be seen, the agreement at 354,372, and 390 deg F is excellent. The 
fits at 310 F and 320 Fare adequate, with the biggest problems being at short times 
and low temperatures. It should be remembered, that the largest errors with the kinetic 
model occurred at low temperatures. Since the exte.nt of reaction data used in this 
analysis comes from the kinetic model, perhaps errors are being carried through. 
However. a plot of viscosity data vs model data shows overall good agreement. 

If you have any question. please call. 

Regards, 

Mach DeBenedictis 
(404) 894- 2897 
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