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ABSTRACT

As the predictive mathematical model comprises essentially the fundamental process engi-

neering tool, there continues to be considerable interest in the development and refinement

of such models for many chemical and biological applications. Whatever its intended ap-

plication, the accuracy (and ultimately the usefullness) of any mathematical model hinges

upon the accuracy of both its basic formulation and its parameters.

Within any given model, a particular parameter may either (i) have clear physical

meaning and be directly measurable by experiment, or (ii) have clear physical meaning

but be experimentally inacessible, or (iii) have no clear physical meaning or be purely

mathematical in nature. Thus, in concert with model development, one must have suitable

methods at hand to estimate appropriate values for the latter two classes of paramters just

described. In this work, we introduce a robust, optimization-based, method for the de novo

estimation of such experimentally inaccessible parameter values. The approach derives

from simple explicit numerical discretization of the modeling constraints. By choosing

such an approach, we maintain utmost generality of the method. The overall parameter

estimation problem phrased in the form of a constrained mathematical program, wherein

it is sought to minimize the deviation (loss) between the predictions of the parameterized

model, and the measured (authentic) process performance.

We first apply our parameter estimation methodology to a literature case study of

mammalian cell culture published by Gao and co-workers. In this study, the metabolism of

a murine hybridoma is represented using a dynamic material balance model developed on

the basis of nine assumed “macro-reactions”, and rate of each macro-reaction is modeled

by a generic form of saturatable chemical kinetics. We first demonstrate the ability of our

approach to identify parameter values that enable model predictions in good agreement

with original process measurements. We also show that the accuracy of our parameter

estimation improves as the discretization interval used within our method is decreased.

Using sensitivity analysis, we then show a correlation between the variability in a param-

eter’s estimated value and its correlation with physically measurable quantities. Finally,

we examine any potential benefit gained by estimating separate parameter sets for the

distinct phases of culture.

Then, we apply the same approach to evaluate the suitability of different kinetic

models for the accurate simulation of PROX catalyst performance characteristics.To do

ii



so, we first formulate a general dynamic material balance model to describing a gas-phase

isothermal plug-flow-reactor (PFR) typical of those commonly used in such processes.

Then, four different candidate kinetic models are developed, based upon use of either

an emprical or mechanistic approach, with and without the simultaneous participation

of a water-gas-shift reaction. Finally, using our parameter estimation technique, each

kinetic model is fit to experimental conversion and selectivity measurements taken from

several reports in recent literature. In general, we find no substantial advantage in using

mechanistic models relative to simple empirical models in describing the behavior of the

catalyst. We further show that the participation of a water-gas-shift reaction must be

considered when CO2 and H2 are plentiful in the feed. Finally, no substantial correlating

trends among kinetic parameters for PROX catalysts were identified, even among catalysts

sharing the same active component.
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