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COURSE SYLLABUS:  CHEE 321, CHEMICAL REACTION ENGINEERING (F 3-0-0.5    3.5) 

PERSONNEL 
 
Instructor   Michael Cunningham TA TA1 
Office:  Dupuis Hall 315 
Email:   michael.cunningham@queensu.ca  
 

Office: 
Email: 
 

 TA TA2 
 Office: 

Email: 
 

 TA TA3 
 Office: 

Email: 
 
 

CALENDAR DESCRIPTION 
This course provides a detailed and in depth analysis to the principles of chemical kinetics, and reactor 
analysis and design. The topics in chemical kinetics include: rate constants, reaction order, rate 
equations for elementary and complex reactions, kinetic data analysis, and product distribution. In 
reactor analysis and design, discussion is focused on ideal reactor systems and arrangements, including 
batch reactors, plug flow reactors, continuous stirred tank reactors, and recycle reactors. The last part of 
the course considers homogeneous and heterogeneous catalytic reactions. The design component 
consists of how to make an appropriate choice of reactor type and operating conditions to optimize a 
desired product; sizing such reactors and determining conversion levels under various conditions of 
temperature and pressure; determination of reaction kinetics from experimental data. (0/0/0/30/12) 

PREREQUISITES:  CHEE 210, (CHEE 222 or MINE 201), or permission of the department. 

OBJECTIVES AND OUTCOMES 
The objective of this course is to develop general methodologies for analysis and design of a variety of 
systems (chemical, biochemical/biological, polymer, electrochemical) for which engineering of reactions 
is needed. 

In the first part of the course, basic concepts of chemical kinetics and chemical reactor design as related 
to simple reaction systems will be introduced. Topics covered will include the general mole balance, 
reactor types, conversion and reactor sizing, rate laws and stoichiometry and isothermal reactor design. 
In the second part of the course, we will build upon the concepts developed in the first half of the 
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course to describe real systems that deal with complex reactions and non-ideal reactors. Topics to be 
covered will include non-isothermal reaction design (energy balances), multiple reactions and reaction 
pathways, non-ideal reactors/residence time distribution (time permitting), and heterogeneous 
reactions (time permitting). 
 

Specific course learning outcomes (CLOs) include:  

1. Calculate operating parameters (size, flowrates, conversion, etc.) for isothermal and non-
isothermal operation of ideal well-mixed batch and continuous reactors, and for ideal plug-flow 
reactors. 

2. Formulate a set of consistent material and energy balance equations to describe operation of 
batch, semi-continuous and continuous reactor systems with single or multiple reactions, 
operating with and without heat exchange.  

3. Develop stoichiometric tables and formulate an overall rate expression from a series of 
elementary mechanistic steps, taking into account the dependence of temperature, pressure 
and concentration, as well as the requirement of thermodynamic consistency for reversible 
equations. 

4. Choose an appropriate reactor type and operating conditions to achieve a desired output such 
as reactant conversion, selectivity and yield.  

 
 
This course assesses the following attributes: 

 
Knowledge base for engineering (CLO 1-3):  
CHEE-KB-RE-1. Analyzes reaction mechanisms, and develops expressions describing reaction kinetics for 
catalytic and non-catalytic processes. 
CHEE-KB-RE-2.  Identifies types of reactors and performs relevant calculations using material and energy 
balances,  
CHEE-KB-PROC-4. Utilizes engineering science knowledge to size various unit operations, including but 
not limited to pumps, heat exchangers, separation processes, and reactors.  
 
Design (CLO 4):  
CHEE-DE-3. Develops a process or product design incorporating performance requirements and 
constraints such as quality, yield, reliability, economics, safety, and standards and codes as appropriate  

RELEVANCE TO THE PROGRAM 
This 3rd year course is the main course covering the engineering science of chemical kinetics, reactor 
analysis, as well as reactor design. The engineering science and reactor design skills taught in this course 
are considered essential for any practicing Chemical Engineer. The knowledge acquired in this course is 
required in CHEE 323 “Industrial Catalysis” and CHEE 470 “Design of Manufacturing Processes”. The 
course assumes knowledge of 2nd year thermodynamics, as well as knowledge of material covered in 
CHEE 222, process dynamics and numerical methods. 
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COURSE STRUCTURE AND ACTIVITIES 
3 lecture hours + 1 tutorial hour per week.  Times and locations can be found in SOLUS. 

EXPECTATIONS FOR LECTURES/TUTORIALS  
Lectures 
Lecture slides will be posted on the course website. Some lectures will include examples and problem 
solutions not contained in the posted slides. Students are expected to read associated sections and 
study worked examples in the textbook. 

Tutorials 
The class is divided into two tutorial sections. Tutorial problems for the week will be posted. Please print 
and bring these to class. As well as working on the tutorial problem (solutions to be guided by the TAs), 
you will have the opportunity to ask questions related to assignment problems and lecture materials. 

Assignments 
A set of unmarked practice questions will be given for each course module, with solutions posted later. 

Design Assignments 
A design assignment for CHEE 321 will be provided later in the semester involve open-ended questions 
focusing on reactor design. Marks will be given for concise and coherent discussion, as well as technical 
calculations. Aspects of design will also be covered among the regular lectures and tutorials.  

Students are encouraged to work together in small groups, with a maximum group size of three. One 
copy of the assignment will be turned in per group (not per student). Larger groups and copying of 
assignments is not tolerated. 

RESOURCES(S) 
Required Textbook: H. Scott Fogler 2011. Essentials of Chemical Reaction Engineering, Prentice Hall Inc. 

Optional version: H. Scott Fogler 2006. Elements of Chemical Reaction Engineering, 4th Ed, Prentice Hall 
Inc. 

All course lecture slides, assignments and tutorials will be posted on the CHEE 321 Learning 
management system (LMS).  
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GRADING SCHEME 
Deliverable Week or Date Weight  

Midterm Week 6 or 7 25 

Design Assignment 
To be 

specified 
15 

Final Exam Exam period 60 

 

Mid-Term 
Mid-term will be a CLOSED BOOK evening examination part way through the course (date to be 
determined). You will be tested on the fundamental concepts related to course material covered to that 
point (most likely Modules 1-3).  

Final Examination 
The final examination will be a 3-hour CLOSED BOOK examination and will cover all material covered in 
the class, tutorial and assignments. 

• Students are expected to complete their work in a timely fashion. The course instructor will 
provide notification (in lecture and on course website) of due dates and any revisions thereof. 
Submissions after the due date will be penalized at 25% per day unless suitable justification is 
provided.  

• Students must pass the exam component (combined mark on midterm+final) to pass the course, 
as stated by departmental policies (http://www.chemeng.queensu.ca/undergraduate-
studies/Departmental-Undergraduate-Polices.html ) 

HOW TO DO WELL IN THIS COURSE 
Significant practice is required to solve problems efficiently and correctly in an exam setting. Students 
are encouraged to make use of all resources available, including the textbook and solved posted 
problems. Students are expected to utilize the concepts and to implement the methods taught in class 
to tackle a variety of problems that they may encounter in assignments/midterms/exams. 

ACADEMIC INTEGRITY 
Engineers have a duty to: 

 act at all times with devotion to the high ideals of personal honour and professional integrity 
 give proper credit for engineering work 

Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 
http://www.peo.on.ca/Ethics/code_of_ethics.html 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.peo.on.ca/Ethics/code_of_ethics.html
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The quote above describes the standard of behaviour expected of professional engineers. As 
engineering students, you have made a decision to join us in the profession of engineering, a long-
respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 
from collaborating, even closely, with fellow students in any class. Indeed, we strongly encourage 
collaboration and teamwork, when conducted responsibly. We have, however, set firm guidelines on 
the quality of submitted work and have taken a strong stand against plagiarism and other forms of 
academic dishonesty.  Briefly stated, we expect that submitted work bears the name of all those 
contributing to it, and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 
shall be taken, as required by the Faculty of Applied Science policy on academic 
integrity: http://appsci.queensu.ca/policy/Honesty.html.  

Additional information on the University’s policies concerning academic dishonesty can be found on the 
Queen’s website. All students are expected to familiarize themselves with these policies and to 
conduct themselves accordingly. 

1. Senate Policy on Academic Dishonesty  
2. Procedures for dealing with departures from academic integrity in the Faculty of Engineering and 

Applied Science 
3. Queen's code of conduct 

INDIVIDUAL NEEDS 
Students with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 
disability or health consideration that may require accommodations, please feel free to approach the 
instructor(s) and/or the Disability Services Office as soon as possible at (613) 533-6740. The Disability 
Services staff is available by appointment to develop individualized accommodation plans, provide 
referrals and assist with advocacy. The sooner you let us know your needs, the better we can assist you 
in achieving your learning goals at Queen’s. For further information, visit Health, Counselling and 
Disability Services website. 

http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/academicintegrity.html
http://appsci.queensu.ca/policy/Honesty.html
http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/Code_of_Conduct_final_2008.pdf
http://www.queensu.ca/hcds/
http://www.queensu.ca/hcds/
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COURSE SCHEDULE 
 
CHEE 321   ||     Module overview 
Course learning outcomes (CLO): Students will be able to: 

1. Calculate operating parameters (size, flowrates, conversion, etc.) for isothermal and non-isothermal operation of ideal well-mixed batch 
and continuous reactors, and for ideal plug-flow reactors. 

2. Formulate a set of consistent material and energy balance equations to describe operation of batch, semi-continuous and continuous 
reactor systems with single or multiple reactions, operating with and without heat exchange.  

3. Develop stoichiometric tables and formulation of an overall rate expression from a series of elementary mechanistic steps, taking into 
account the dependence of temperature, pressure and concentration, as well as the requirement of thermodynamic consistency for 
reversible equations. 

4. Choose an appropriate reactor type and operating conditions to achieve a desired output such as reactant conversion, selectivity and 
yield.  

Students are expected to augment lecture material through reading of associated sections of the textbook, and to practice execution of course principles by 
completing posted problem sets  

Module Lecture approach and content Tutorial approach and content Assessment (CLO, and % of course grade) 
Module 1  Reactions and the GMBE 

• Reaction Rates, Rate Laws and 
Stoichiometry 

• The General Mole Balance Equation 
(GMBE) and Ideal Reactors 

• Estimating Rates from Experimental 
Data 

 
 
Worked examples, based on lecture material 
 
A set of practice problems is also posted 
(unmarked) 

 
 
Material is included on mid-term (CLO1) 

Module 2  Isothermal Reactors: Single Reaction in Batch, 
CSTR, PFR 

• Solving Problems using Stoichiometric 
Tables 

• Levenspiel Plots (Reactor Sizing) and 
Multiple Reactors 

• Reversible Reactions 

 
 
Worked examples, based on lecture material 
 
A set of practice problems is also posted 
(unmarked) 

 
 
Material is included on mid-term (CLO1, 
CLO4) 
 
 

Midterm  Covers Modules 1 and 2  Midterm exam: 2-3 questions will target 
CLO1, worth 25% of course grade 
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Module 3  NonIsothermal Reactor Design 

• Forms of the Energy Balance (EB); 
Isothermal and Adiabatic 

• CSTR with the EB; multiple steady-states 
• PFR with the EB 

 
 
Worked examples, based on lecture material 
 
A set of practice problems is also posted 
(unmarked) 

 
 
Material is included on final (CLO1, CLO2, 
CLO4) 
 
Design assignment  (15%, CLO1, CLO2, 
CLO4) 

Module 4  Multiple Reactions 

• GMBE and EB with Multiple Reactions 
• Selectivity and Yield 

 
Worked examples, based on lecture material 
 
A set of practice problems is also posted 
(unmarked) 

 
Material is included on final (CLO1, CLO2, 
CLO4) 

Module 5  Reaction Networks and Pathways  
Worked examples, based on lecture material 
 
A set of practice problems is also posted 
(unmarked) 

 
Material is included on final (CLO3) 
 

EXAM   Final exam: One-two questions will target 
each CLO, worth 60% of course grade  
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