
Exercises for Statistics 2 for Chemical Engineering

Week 3

1. 
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A chemical plant produces oxygen by liquefying air and separating it by fractional distillation. An experiment has been carried out to investigate the purity as function of the main condenser temperature and the pressure ratio of the upper and lower distillation columns. 

a) Identify the kind of design that was used for this experiment 
b) Fit a first-order regression model to the experimental data. Is there interaction between temperature and pressure ratio?
c) What is the direction of the path of steepest ascent (give a vector) if we ignore interactions. Does your answer change much if we do include an interaction term?
d) Suppose we perform experiments along the path of steepest ascent, starting at the centre point. What is the next experiment if we decide to change the temperature by 10 (C? What is the next experiment if instead we decide to change the pressure ratio by 0.2?


2. 
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A chemical engineer is optimising the filtration time of a process.

a) Identify the kind of design that was used for this experiment.
b) Fit a second-order regression model  to the experimental data.
c) Make a plot of the response surface of the fitted second-order model. What type of response surface is related to this second-order model? Is the stationary point a minimum? Answer these questions both graphically and analytically using matrix analysis results.
d) Which settings of the process parameters lead to the stationary point?
e) Which settings of the process parameters minimise filtration time?
f) Which settings of the process parameters would you recommend if it is important to obtain a filtration time that is as close to 45 as possible?


3. 
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A chemical engineer is investigating the viscosity of a polymer. After much experimentation, he thinks that he has obtained settings of the process parameters temperature, agitation rate and pressure. Therefore he performs an experiment to fine tune his settings.

a) Identify the kind of design that was used for this experiment.
b) Fit a second-order regression model to the experimental data.
c) What type of response surface is related to this second-order model? Is the stationary point a maximum?
d) Which settings of the process parameters lead to the stationary point?
e) Which settings of the process parameters optimise viscosity?
f) Which settings of the process parameters would you recommend if it is important to obtain a viscosity that is as close to 600 as possible?
 

4. 
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A chemical experiment has been carried out with two response factors: conversion percentage and activity. The goal is to optimise the conversion while the activity stays close to 55.

a) Fit separate regression models for conversion and activity. Make contour plots.
b) Obtain optimal settings for the problem by graphical inspection of the contour plots.
c) Compare your results with the special option Experimental Design -> Multiple response optimisation from Statgraphics.

5. Redo exercise “Wasmiddelen” (Detergents) from Statlab Optimisation.


6. Do exercise “Het ets proces” (The etching process) from Statlab Optimisation.
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