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CH445: CHEMICAL REACTOR ANALYSIS I 
Fall 2009 

 
Department:  Chemical and Biomolecular Engineering 
 
Catalog Data:  The principles of chemical reactor design for homogeneous and heterogeneous reactions. 

Analysis of the chemical reactor from a kinetic and thermodynamic point of view, 
including design methods for flow and non-flow reactors and experimental methods. 

 
Pre-requisites: CH301 or ES330 (Fluid Mechanics), CH250 (Chemical Process Calculations), and 

CH302 or ME411 (Heat Transfer) 
 
Course Type: Required 
 
Textbook: Chemical Reactions and Chemical Reactors 
  George W. Roberts, John Wiley & Sons, 2009 
 
Instructor:  Sitaraman Krishnan (CAMP 229, 268-6661, skrishna@clarkson.edu) 
 
Office Hours: Monday, Tuesday, Thursday 2-3:30 p.m. or by appointment. 
 
Course Objectives: 

1. To train students in the analysis of chemical reactors and reaction systems. 
2. To provide experience in formulating and solving chemical reaction engineering problems. 
3. To guide students in designing experiments involving chemical reactors, and to analyze and 

interpret data. 
 
Learning Outcomes: 

After completion of this course, a student will be able to: 
1. use the extent of reaction concept to check the consistency of experimental data, and perform 

mass balance calculations; 
2. formulate a definition of reaction rate for homogeneous and heterogeneous reactions; 
3. use the Arrhenius relationship to calculate how reaction rate depends on temperature; 
4. determine whether the rate equations for the forward and reverse reactions are 

thermodynamically consistent; 
5. calculate heats of reaction and equilibrium constants at various temperatures; 
6. derive “design equations” for the three ideal reactors: batch, continuous stirred tank reactor 

(CSTR), and plug flow reactor (PFR), for both homogeneous and heterogeneous reactions; 
7. define space time and space velocity for continuous reactors; 
8. calculate reaction rates using the design equations for an ideal CSTR; 
9. use the design equations for the three ideal reactors to size or analyze the behavior of a single 

reactor; 
10. model transport effects in heterogeneous catalytic reactions; 
11. use the design equations to size or analyze the behavior of systems of continuous reactors: 

CSTRs in series, PFRs in series, PFRs and CSTRs in series, CSTRs in parallel, PFRs in 
parallel; 

12. design a flow reactor with recycle; 
13. classify system of multiple reactions as: parallel reactions, independent reactions, series 

(consecutive) reactions, mixed series and parallel reactions; 
14. calculate selectivity, yield, and conversion for multiple reactions; 
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15. calculate the complete composition in a batch reactor as a function of time for a system in 
which more than one reaction takes place; 

16. calculate the complete composition in the effluent from a CSTR or PFR as a function of 
space time, for a system in which more than one reaction takes place; 

17. write macroscopic energy balance for batch reactors, PFRs and CSTRs; 
18. analyze batch and plug-flow adiabatic reactors, and explain why designing an isothermal PFT 

or isothermal batch reactor is not practical on a commercial scale; 
19. explain why adiabatic operation should always be considered in reactor sizing and analysis, 

and discuss when it might be impractical to operate a reactor adiabatically; 
20. size or analyze nonadiabatic bath reactor; 
21. solve the CSTR design equation and energy balance simultaneously, and predict whether a 

CSTR can exhibit multiple steady states; 
22. explain the phenomena of “blowout” and feed-temperature hysteresis (“light off” and 

“extinction”); 
23. estimate the reaction rate for a chemical reaction, involving a heterogeneous catalyst, which 

is controlled by mass transfer inside the porous catalyst particle; 
24. derive an expression for the “effectiveness factor” for an n-th order irreversible reaction in an 

isothermal, spherical catalyst particle; 
25. derive relationship between effectiveness factor and generalized Thiele modulus for an 

irreversible reaction in an isothermal, spherical catalyst particle; 
26. use effectiveness factor in reactor sizing and analysis; 
27. define Weisz modulus and use Weisz modulus to estimate the effectiveness factor directly 

from experimental data; 
28. estimate the reaction rate for a reaction that is controlled by external mass transport; 
29. determine the rate controlling step for a reaction involving heterogeneous catalyst: intrinsic 

chemical kinetics, internal transport, or external transport; 
30. analyze outlet conversion versus superficial fluid velocity, at constant space time, for first-

order reactions in isothermal, fixed-bed, plug-flow reactor; 
31. derive expressions for residence time distributions for ideal flow reactors; 
32. plot tracer response curves for non-ideal flow reactors; 
33. estimate nonideal reactor performance from exit-age distribution. 

 
Evaluation Methods: 

1. Hour Exams:  50 % Two exams; open textbook 
2. Final Exam:  40 % Open textbook 
3. Homework:  10 % 

 
Course Outline: 

1. Chapter 1    Reaction and Reaction Rates 
2. Chapter 2    Reaction Rates—Some Generalizations 
3. Chapter 3    Ideal Reactors 
4. Chapter 4    Sizing and Analysis of Ideal reactors 
5. Chapter 7    Multiple Reactions 
6. Chapter 8    Use of Energy Balance in Reactor Sizing and Analysis 
7. Chapter 9    Heterogeneous Catalysis Revisited 
8. Chapter 10  “Nonideal” reactors 

 
Policies:  

Attendance: Attendance is required at all classes. 
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Homework: Homework will be collected at the beginning of the class on the due date. Late 
homework will not be accepted.  
For problems involving the use of MATLAB, please attach printouts of MATLAB codes along 
with the solutions. 
Cooperative learning is encouraged. If you collaborate on homework assignments, remember that 
each student is accountable for the learning that is expected to take place in the assignment, and 
must be able to outline a solution to the problem, independently.  
Exams: Two hour exams will be conducted during class time (Oct 6 and Nov 5). A final exam 
will be scheduled during finals week (week of Dec 7). You will be allowed to use the course 
textbook during the exams. 

 
Class Time: Tuesday, Thursday 9:30 to 10:45 AM, CAMP 175 
 
Contribution: 3 credits of engineering science 
 
Prepared by: S. Krishnan, skrishna@clarkson.edu, August 2009 


