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Overview

When Mitsui Chemicals Engineering Co., Ltd. (MCEC) set out to automate its technical study 

processes and make effective use of associated experimental data, they turned to the commercial 

software modeFRONTIER®, a multi-objective optimization and design environment, to help them 

speed up the development of petrochemical processes. 

Obtaining many sets of reaction parameters quickly is normally a difficult task and consumes 

enormous amounts of engineers’ time and effort. This article describes a polymerization reaction 

case performed by MCEC and presented at the CDAJ User Meeting in 2005. 

The work, which involved coupling modeFRONTIER® with Aspen Polymers Plus, a steady-state 

simulation tool, successfully obtained sets of reaction parameters from 

operational data and completed an optimization study quickly, using the 

parameters obtained in modeFRONTIER®.

Analysis Description

Mitsui Chemicals, Inc. (MCI), which promotes its businesses globally 

under the slogan “The New Chemical Explorer”, is engaged in a 

wide range of industrial sectors: petrochemical (petrochemical 

feedstocks, polyolefin), basic chemical (fiver intermediates, PET 

resins, phenols, industrial chemicals), functional polymeric materials 
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(elastomers, performance polymers, specialty resins, urethane), 

and functional chemicals and engineered materials (functional 

fabricated products, electronics materials, information materials, 

agrochemicals, fine and performance chemicals). 

MCEC, MCI’s specialist engineering division, set out to automate 

technical study processes and make effective use of experimental 

data in order to speed up process development: MCEC tried 

optimizing simulations of the process. Polymerization, which is 

a complex process, and the resulting batch reaction (utilizing 

temporal data) were chosen as the first test case, and the 

effectiveness of modeFRONTIER® for each one was validated.

The polymerization reaction (the Ziegler-Natta type) is characterized 

by many elementary reactions (typically more than 30) with a very 

wide order range of rate constants (from e-3 to e+7). Polymer 

simulations, based on the Method of Moment, have been widely 

used as a general optional function of steady-state simulations 

since the 1990s. This function is used as a desktop study tool 

to handle the polymerization reaction through reactor modules of 

the steady-state simulators. 

The optimization algorithms built into such steady-state 

simulation tools, or even in Microsoft Excel, however, provide 

only single objective optimization, where only one objective 

can be considered. Mono-objective optimization estimates 

rate constants considering only one of the calculated results 

(hydrogen or monomer consumption, etc.) and the constants 

must be redefined and recalculated in order to improve overall 

performance. 

Moreover, the results from such large case studies may often have 

errors, which makes a search using Gradient Methods in general 

purpose tools (simulators or Excel) extremely difficult.

Therefore modeFRONTIER®, the leading commercial multi-

objective optimization tool, was adopted. The initial levels of 

multiple rate constants variables were set using a Design of 

Experiment (DOE) distribution. The study, using multi-objective 

optimization, and focusing simultaneously on multiple calculation 

results, provided effective searches. This approach allows users 

to understand the trade-off among the resulting parameters and 

their behavior. Also, since it conducts a multi-point concurrent 

search in discrete space, the analysis continues even if an error 

should occur. The entire study, which involved the automated 

calculations being run at night, and the results being checked by 

engineers during the day, ran in about eight days (30 – 50% of 

working hours was spared to this job.)

Without modeFRONTIER® the study would have taken 

over two months. The use of a multi-objective optimization 

approach, together with the robust automatic calculation in 

modeFRONTIER®, brought significant improvements to the 

company’s operating effectiveness (Fig. 2).

Next, a reaction model incorporating reaction data profiles was 

constructed to optimize polymerization. This was a large problem 

since there were 50 elementary reactions with rate constants 

ranging from the order of e-3 to e+7. modeFRONTIER® was 

also used for this problem, and a polymerization model was 

successfully created in the study, which took approximately ten 

days (30 – 50% of working hours was spared to this job). 

The corresponding polymerization strategy was also optimized. 

This optimization problem was designed to maximize productivity 

under five operation conditions as the input conditions: three 

product quality constraints, and two installation capacity 

constraints. The optimization, which took about 5 days, resulted 

in conditions which gave a 5% productivity improvement.

This study resulted in the rapid creation of the polymerization 

model and led to an efficient optimization strategy . In future this 

approach will be applied to other reaction analyses, where more 

advanced functions of modeFRONTIER® will also be explored.
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