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Circa 1976 Minnesota CEMS 
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May 1977
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My Theme: Conceptual Design

You can’t understand the process if you 

don’t understand the chemistry
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Mavrovouniotis & Stephanopoulos 1989-1992
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2040 and Beyond

The future of chemical engineering

is in prediction not correlation
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Why Modeling?

“If you can’t model your process, you don’t

understand it. If you don’t understand it, 

you can’t improve it.  And, if you can’t 

improve it, you won’t be competitive in the 

21st century.”

Jim Trainham, DuPont
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Perspectives

 Engineers believe that their models approximate 
nature 

 Scientists believe that nature approximates their 
models

 Mathematicians don’t give a damn either way
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Process design for a complex reaction network
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Production of Acrolein[1]

[1] Bui, Chakrabati & Bhan, ACS Catalysis, 6(10), 6567-6580, 2016 



11

Feinberg Decomposition

Martin Feinberg and Phillipp Ellison. General Kinetic Bounds on Productivity

and Selectivity in Reactor-Separator Systems of Arbitrary Design: Principles,

Industrial & Engineering Chemistry Research, 40, 3181–3194 (2001)



The Overall PFD Structure
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Production of acrolein by partial oxidation of propylene at 350oC [1]
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(         )

All reaction irreversible with 

following kinetics, e.g.:

[1] Bui, Chakrabati & Bhan, ACS Catalysis, 6(10), 6567-6580, 2016 

All rates independent of 

oxygen partial pressure!

(         )

(         )

LR = propylene
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Results: Maximum selectivity to acrolein

 For given feed:

More complex processes than 

PFR and CFSTR only required

 Feinberg Decomposition:

No inerts and only as little oxygen 

as necessary (separate air)

 high molar ratio 

 increase rate for production of 

acrolein
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Improving the process design

Old feed:

Significant improvement

using the Feinberg results!

New feed:
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Circa 1556

Let’s not forget what 

the alchemists knew!
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Which Leads to Such Questions as:

 Does a decomposition exist for reactor systems when 
thermodynamic constraints are placed on the perfect 
separation system?

 Does a similar decomposition exist for separation 
systems (independent from the reactor system)?

 Can an entire process flowsheet be decomposed in a 
Feinbergian way? 

 Does there exist an abstract kinetic/thermodynamic 
theory of process flowsheets?
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40 years on
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Shade is Good
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50 years on: The Real Paradigm After Next

Stairs & Door in Lindos



Bravo George
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