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I.   COURSE SYLLABUS  IN ABET FORMAT 
 

 
II.     DESIGN PROJECT PRESENTATION 

Summary of Topics covered by DESIGN PROJECT PRESENTATION 
Original Design Project Questions & Master Solution/grading scheme used   
  Above Average  (Graded original work ) 
  Average       (Graded original work ) 
  Below Average  (Graded original work ) 

 
III. EXAM II  

Summary of Topics covered by EXAM II   
Original Homework Assignment Questions & Master Solution/grading scheme used   
  Above Average  (Graded original work ) 
  Average       (Graded original work ) 
     Below Average  (Graded original work) 
   

IV.  REACTOR QUIZ 
Summary of Topics covered by Quiz  
Original Quiz Questions & Master Solution/grading scheme used   
  Above Average  (Graded original work ) 
  Average       (Graded original work ) 
  Below Average  (Graded original work ) 
 

 

 
  



Course Description in ABET Format 
 
CHEMICAL ENGINEERING DEPARTMENT 
CHEG 3306-P02: Kinetics and Reactor Design 

1. Course number and name: CHEG 3306-P02:Kinetics and Reactor Design 
2. Credits and contact hours: 3 credit hours; 3 contact hours; Engineering Topic 

 
3. Instructor’s or course  

coordinator’s name: 
 
Dr. Sheena M. Reeves 
 

4. Text book: Title: Elements of Chemical Reaction Engineering  

                   Author: H. Scott Fogler 
                   Publisher, Year & Edition: Prentice-Hall, 5th Edition 
  a. Other Supplemental material  
5. Specific course information  
 a. Brief description of the content of 

the course (catalog description) 
Application of fundamental concepts of reaction 
stoichiometry, kinetics, and equilibria to the interpretation 
of reaction rate data. Application of reaction rate, heat, and 
mass transfer correlations to the design of batch, 
continuous tank, and tubular reactors. 

 b. Prerequisites or  
 

      Co-requisites 

CHEG 2053, MATH 4013, and CHEG 3053 

 c. *Indicate whether a required, 
elective, or selected elective (as per 
definition provided) course in the 
program 
 

Required 

6. Specific goals for the course Students will be able to : 
 a. specific outcomes of instruction  

 
a. Identify and formulate reaction/reactor problems using the 

principles of mathematics, engineering, and science. 
b. Solve complex reaction engineering problems using 

graphing and computing tools. 
c. Select appropriate reactor and operating conditions for safe 

and economic reactor operation.  
d. Conduct a Review of Literature and determine preliminary 

design considerations. 
e. Perform detailed design of complex chemical reactors. 

 
 b. Explicitly indicate which of the 

student outcomes listed in Criterion 
3 or any other outcomes are 
addressed by the course. 

This course addresses: 
 
Outcome 1 
Ability to identify, formulate, and solve complex engineering problems 
by applying principles of engineering, science, and mathematics. 
 
Outcome 2 
Ability to apply engineering design to produce solutions that meet 

  



specified needs with consideration of public health, safety, and welfare, 
as well as global, cultural, social, environmental, and economic factors. 
 

7 Brief list of topics to be covered 
 

Introduction/Notation Review                             (3) 
Mole Balances                                                     (3) 
Conversion/Reactor Sizing                                  (3)   
Elementary Rate Laws                                         (3) 
Stoichiometry                                                       (3) 
Isothermal Reactor Design/Pressure Drop           (4) 
Multiple Reactions/Selectivity/Yield                   (4) 
Non-elementary Rates/Reaction Mechanisms     (3) 
Semi-batch/Membrane Reactors                          (4) 
Thermodynamics/Heat Transfer                          (3) 
Catalysis                                                               (4) 
Design                                                                  (3) 
    

   
 
 

  



 
 
 
 

 
CHEG 3306-02: KINETICS AND REACTOR DESIGN 

SPRING 2022 SEMESTER 
        
 
 

Title of Assignment:  DESIGN PROJECT PRESENTATION 
 

TOPICS COVERED IN DESIGN PROJECT PRESENTATION 
 
 

 DESIGN PROJECT covered the following topics: 
 

1. Mole balance 
2. Rate law 
3. Stoichiometry 
4. Energy balance 
5. Catalysis 
6. Power requirements 
7. PowerPoint presentations 
8. Reactor simulation (ASPEN, Polymath) 

 
 
 

 
 
 
 
 
 
  



 
 



  
CHEG 3306-P02: Kinetics and Reactor Design 

Group Project Spring 2022 
 

(ABET Criteria 2. Ability to design a system, component, or process to meet desired needs within realistic constraints such as 
economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability.) 

Background Report 
Acrylic acid is produced from propylene, a gaseous product of oil refineries, by a two-step gas-phase oxidation via 
acrolein. For the background report, you will complete the Cover Sheet, Introduction, Project Summary/Details, and 
Materials Background section of your final report. This report is due on eCourses by midnight on Saturday, April 
9, 2022. You will receive a Plagiarism report that must be addressed prior to submitting your final report. 
*NOTE: ALL GROUP MEMBERS MUST BE COPIED ON ANY PROJECT EMAILS TO THE INSTRUCTOR.  
 
Project Overview 
Acrylic acid has many usages in the chemical industry as an intermediate for several materials including polymers 
and textiles. The most commonly accepted method of producing acrylic acid is through the oxidation of propylene. 
For this project, the process will take in two series reactors containing different catalyst materials. All separation 
processes are ignored. 
 
Project Details and Guidelines 
Your group must design a reactor system to produce acrylic acid (AA) from the oxidation of propylene using SI 
units. The plant capacity is recorded as 10,000 metric tons of acrylic acid per day. Propylene vapor is available at 
600kPa and 30°C. Assume that compressed air supplies oxygen to reactor and that the compressor has a turbine 
efficiency of 75% and a motor efficiency of 90%. 
 
In the first reactor, propylene is converted to acrolein. 

 
Figure 1: Propylene Oxidation Reaction (AIChE) 

 
In the second reactor, the acrolein is converted to acrylic acid. 
 

 
Figure 2: Reaction of Acrolein to Acrylic Acid (AIChE) 

It is noted that side reactions may occur which produce acetic acid and water. 
 

 
Figure 3: Main and By-Products of Propylene Oxidation (AIChE) 

As a safety precaution, steam at 550kPa is fed into the reactor at a composition of 40 mole% and an O2/C3H6 feed 



ratio of 2.5 must be maintained. Your group must research catalysts for this process and email a memo of your 
catalyst to Dr. Reeves by Monday, March 28, 2022. NOTE: CORRECT MEMO/EMAIL FORMAT IS 
REQUIRED. Each group will have different catalysts so choose wisely and quickly. Before a catalyst is accepted, 
each group must email a memo with the catalyst of choice, the diameter of the catalyst, the density of the catalyst, 
and source of information (pdf of journal article). A good reference will contain values such as reaction rate 
constants, equilibrium constants, activation energy, etc. 
 
For this project, you will: 

1. Complete the steps of the algorithm including energy balance and pressure drop 
equations assuming elementary reactions. 

2. Input all information into Polymath and produce graphs for temperature, conversion, 
and concentration based on reactor type. (REACTOR #1 only). 

3. Determine the operating conditions of each reactor and the size of the reactor required. 
4. Determine the material balance and energy balance for each reactor in ASPEN HYSYS 

(simulation). 
5. Achieve a yield of greater than 75% acrylic acid. 
6. Determine the bulk volume of catalyst (𝜌𝜌𝑏𝑏 = 4.75 𝑘𝑘𝑘𝑘

𝑚𝑚3 ) and/or number of tubes required 
to meet specifications based on type of reactor. 

7. Determine the heat duty, type of coolant, and amount of coolant (if necessary) for each 
reactor. 

8. Assume the reactor tubes are 45 mm. ID, 50 mm OD, and 5 m long. 
9. Perform an economic analysis of operating and capital costs (labor, utility, materials, 

and equipment) to determine the feasibility of your process. 
10. If you find competing data in your literature review for your catalyst, discuss them with 

Dr. Reeves. 
 
 
 
  



ADDITIONAL INFORMATION:  
Information gathered from a pilot plant. (Acquired from AIChE database)  

 
 
 
 
FINAL REPORT GUIDELINES: 
*ALL EQUATIONS MUST BE TYPED USING EQUATION EDITOR. 

1. Overall, the report should be at least ten pages in length, double-spaced, 12 pt. Times New Romans font, 
and contain one inch margins. Preliminary report and presentation are due May 2, 2022. Project 
presentations are May  3rd and 5th, 2022. Each group should upload their finalized report as a PDF to 
eCourses by May 11, 2022. 

2. The report should not contain any instances of plagiarism. All thoughts/facts not belonging to group 
members must be cited within text (Last Name of Author/Editor, Year). Since this report is a technical 
paper, no direct quotes are allowed. 



3. The report should be grammatically correct and contain new paragraphs when a new main topic is 
discussed. Do not use words such as I, you, me, we, they, and us. 

4. Follow the outline of: 
o Cover Sheet 

 Report title, course name, group members, instructors, and the due date 
o Project Summary 

 This section is a 1-2 page summary of your design. It includes a 1-2 sentence 
description of the problem statement and includes all design parameters for the project. 

 It is considered a summary of the overall process and it provides direct answers to the 
given design questions. 

o Introduction/Material Background (3-5 sources of information required; not websites) 
 This section should contain the background information on acrylic acid and the propylene 

oxidation process. 
 Questions to answer include: Why the process is important? How does acrylic acid 

impact the chemical industry? Production vs. Usage? Projections? What are the Process 
Safety considerations? 

o Problem Statement/Project Details 
 This section details the given design problem and any constraints given; do not copy and 

paste the assignment as given. Summarize and write it in your own words. 
 It should discuss the limitations and questions that are posed in this document. 
 This section discusses the reaction mechanism and other parameters given in this 

document. NOTE: You must discuss the information and not simply place it in a table. 
o Design Specifications 

 This section details your catalyst selection and expected results (yield, selectivity, 
conversion, etc.) based on your literature search. 

 It shows the reaction and products that are expected as a result of your catalyst selection. 
 This section contains your kinetic and/or transport models (algorithm): Mole balance, rate 

law, stoichiometry, combine, pressure drop, energy balance, evaluate (Polymath), 
simulate (ASPEN HYSYS). You must discuss all graphs and tables. 

o Results and Discussion 
 Answers all questions such as final volume, composition, etc. 
 Provide printouts of stream specifications, reactor parameters, flow chart, etc.  
 Discuss and label all figures and tables. Do not insert random tables of data. 

o References 
 References should be from credible journal articles and library books. 
 You should cite information within the text (Last Name, Year) and provide a list of 

references at the end of the document.  
 Utilized the APA style. 

o Appendix 
 Appendix may contain summary reports and graphs, handwritten calculations, memos, 

and any other notable material that is not discussed in the body of the report. 
5. Follow the framework of: 

a. Tell the reader what you will discuss. 
b. Discuss the material with the reader. 
c. Tell the reader what was discussed. 
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CHEG 3306-02: KINETICS AND REACTOR DESIGN 

SPRING 2022 SEMESTER 
 
        
 

Title of Assignment: EXAM II  
 

TOPICS COVERED IN EXAM II 
 
 

EXAM II covered the following topics: 
 

1. Multiple Reactions 
2. Selectivity 
3. Desired/Undesired products 
4. Optimal operating conditions 
5. Energy Balance 
6. Heat Calculations 

 
  



DEPARTMENT OF CHEMICAL ENGINEERING 
CHEG 3306-P02: KINETICS AND REACTOR DESIGN 

COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT 
SHEET FOR SPRING 2022 SEMESTER 

 
ABET OUTCOME 1: Show an ability to identify, formulate, and solve complex engineering problems by 
applying principles of engineering, science, and mathematics. 
ABET OUTCOME 2: Show an ability to design a system, a component, or a process to meet desired need within 
constraints. 
 
Name: ________________________________________________________________________  
 
Title of Assignment:  _____Exam 2b__________ Date:  04/28/2022 

 
 

      
 

Competency Area 
 

Max for this 
Assignment 

Your 
Score 

 Outcome 1.1 – Identify and Formulate 
• Derive mole balance equation for various reactors. 
• Combine rate laws, mole balances, and stoichiometry to solve for volume, 

concentration, or flow rate. 
• Calculate conversion and concentration using appropriate equations. 

 

 

 

Outcome 2.1 – Selection/Safety 
• Evaluate the selectivity of products in reactions and choose feed location of raw 

materials. 
• Increase desired product for single and multiple reactants by selecting appropriate 

reactor and feed conditions. 
• Recognize the importance for safety and determine the risk associated with 

gas releases from reactors 

 

 

 
TOTAL 

 

 
150 

 



Problem 1: (30 pts). The production of ethylene oxide occurs from the reaction of ethylene and 
oxygen; however, carbon dioxide and water is produced in a side reaction as shown below. 
Provide net rates of disappearance for each compound. 

1) 𝐶𝐶2𝐻𝐻4 + 2𝑂𝑂2 →  2𝐶𝐶𝑂𝑂2 + 2𝐻𝐻2𝑂𝑂    
2) 𝐶𝐶2𝐻𝐻4 +  𝑂𝑂2 →  2𝐶𝐶2𝐻𝐻4𝑂𝑂 

 
 
 
 
 
 
 
 
 
Problem #2: 15 pts  Acetic anhydride reacts violently with water to make acetic acid; therefore, 
the reaction must be controlled. 

(CH3CO)2O  (𝑙𝑙) + 𝐻𝐻2𝑂𝑂(𝑙𝑙) → 2CH3COOH(l) 
 

a. What type of reaction is occurring? _________________________________ 
b. Is this reaction homogeneous or heterogeneous? (Simply circle your answer). 
c. Is this reaction endothermic or exothermic? (Simply circle your answer). 

 
Problem #3(15 pts) Answer the following set of questions. 

1. Runaway reactions are caused by which of the following types of reactions? 

a. Isothermal b. Endothermic c. Exothermic   d. Adiabatic 

2. For exothermic reactions, what does a negative value of heat of reaction mean? 

a. Isothermal b. Endothermic c. Exothermic   d. Adiabatic 

3. The following image refers to the ___________________ mechanism. 

  



 
Problem #4: (30 pts)  A reversible, liquid phase reaction has 𝐴𝐴 + 𝐵𝐵 ↔ 2𝐶𝐶 occurs in an adiabatic CSTR. The feed 
contains 100 mol/h of A and 200 mol/h of B. The initial reactor temperature is 450K. The heat capacities of reactant 
A and B is noted as 42 cal/mol K and 60 cal/mol K respectively. At 298K, the equilibrium constant is 12,000 and the 
heat of reaction is -4,000 cal/mol.   

a. Assuming ΔCp = 0 and a conversion of 70%, calculate the adiabatic equilibrium temperature? 
b. What is the equilibrium conversion if the exit temperature is 1000K? 

 
 
 
 
 
 
 
 
 
 

    
. 
  



Problem #5: 35 pts  A second order, liquid phase reaction A + B → C occurs in a jacketed CSTR. The reaction is 
assumed as elementary. The feed contains 1.5 kmol/m3 of A and 1.0 kmol/m3 of B with an initial volumetric flow 
rate of 0.002 m3/s. A coolant is used at a constant 283K. The heat of reaction is -6.15 𝐾𝐾𝐾𝐾

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑜𝑜𝑜𝑜 𝐴𝐴
. 

Additional information: 
𝑋𝑋 = 0.85;                  𝑈𝑈 = 2.0 𝐾𝐾𝐾𝐾/𝑚𝑚2 ∙ 𝑠𝑠 ∙ 𝐾𝐾;             CPA =  30 J/(mol·K);                    CPB =  18 J/(mol·K);   CPC  =  
22 J/(mol·K)  𝑘𝑘 = 0.01 𝑚𝑚3

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘∙𝑠𝑠
 

 
a. Determine the reactor volume of the CSTR. 

 
 
 
 
 
 
 
 

b. Calculate the heat transfer area necessary for a reactor temperature of 300K? 
 
 
 
 
 
 
 
 
 

c. How much heat is being removed during the reaction? 
 
  



 
 
Problem #6: 30 pts   
The following first order, elementary reaction takes place in a catalytic membrane reactor (CMR): 

𝐴𝐴 ↔  𝐵𝐵 + 2𝐶𝐶 
Component B diffuses through the membrane and component C is the desired product. Unfortunately, component A 
also diffuses through the membrane. : 

a. Provide mole balance equations for each compound in terms of flow rate. 
 
 
 

b. A rate of disappearance for component A. 
 
 
 

c. Transport equations (kinetics) for the components that diffuse through the membrane. 
 

 

 

 

 

Problem #7: 25 pts  Consider the following parallel reactions where the desired product is achieved in the first 
reaction. 

𝐴𝐴 + 𝐵𝐵 → 𝐷𝐷                             𝑟𝑟𝐷𝐷 = 1000𝑒𝑒^(−
500
𝑇𝑇

)𝐶𝐶𝐴𝐴2𝐶𝐶𝐵𝐵2 

𝐴𝐴 + 𝐵𝐵 → 𝑈𝑈                            𝑟𝑟𝑈𝑈 = 50𝑒𝑒^(−
1500
𝑇𝑇

)𝐶𝐶𝐴𝐴3𝐶𝐶𝐵𝐵2 

a. Derive and simplify an expression for the selectivity of D to U. 

 
 

b. To maximize the production of the desired products, what setting is required for the 
temperature? 

 
 

c. What type of reactor should we use? Sketch an image to support your suggestion. 
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CHEG 3306-02: KINETICS AND REACTOR DESIGN 
SPRING 2022 SEMESTER 

 
        
 

Title of Assignment: REACTOR CHARACTERISTIC QUIZ  
 

TOPICS COVERED IN REACTOR CHARACTERISTIC QUIZ 
 
 

 REACTOR CHARACTERISTIC QUIZ covered the following topics: 
 

1. Reactor advantages/disadvantages 
2. Phases in each reactor 
3. Optimum operating conditions 

 
 
 
 
 
 

  



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

ABOVE AVERAGE  
 
 

 
  



Score for this quiz: 25 out of 25 
Submitted Jan 31 at 4:49pm 
This attempt took 8 minutes. 

  
Question 1 

Question Score  / 3 pts 
Which reactor is primarily operated in the gas phase? 
Correct! 

   
PFR 
  

   
BATCH 
  

   
PBR 
  

   
CSTR 
  
  
Question 2 

Question Score  / 3 pts 
What type of reactor is used to minimize unwanted side reactions? 
Correct! 

   
Semi-batch 
  

   
Batch 
  

   
FBR 
  

   
CSTR 
  
  
Question 3 

Question Score  / 3 pts 
Which of the following reactors has concentration changes down the length of the reactor? 

   
Semi-batch 
  



   
Batch 
  
Correct! 

   
PFR 
  

   
CSTR 
  
  
Question 4 

Question Score  / 3 pts 
Which type of reactor is used in the pharmaceutical industry? 

   
PBR 
  
Correct! 

   
Batch 
  

   
Semi-batch 
  

   
CSTR 
  
  
Question 5 

Question Score  / 3 pts 
Which of the following is NOT an advantage of using a CSTR? 

   
Low labor operating cost 
  

   
Easy to clean 
  

   
Good temperature control 
  
Correct! 

   
High conversion per unit volume 
  



   
No answer text provided. 
  
  
Question 6 

Question Score  / 2 pts 
A CSTR is a reactor with a continuous flow of reactants and products that assumes a uniform composition 
throughout the reactor. 
Correct! 

   
True 
  

   
False 
  
  
Question 7 

Question Score  / 2 pts 
A packed bed reactor uses catalysts. The catalyst may cause channeling in the reactor. 
Correct! 

   
True 
  

   
False 
  
  
Question 8 

Question Score  / 2 pts 
The phases in a PBR include liquid and solid catalyst. 

   
True 
  
Correct! 

   
False 
  
  
Question 9 

Question Score  / 2 pts 
For a PFR, there is no change in concentration down the length of the reactor. 

   
True 
  
Correct! 



   
False 
  
  
Question 10 

Question Score  / 2 pts 
A semi-batch reactor is a combination of a CSTR and a PFR. 

   
True 
  
Correct! 

   
False 
  
Final Score: 25 out of 25 
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Score for this quiz: 22 out of 25 
Submitted Jan 31 at 11:36pm 
This attempt took 7 minutes. 

  
Question 1 
Question Score  / 3 pts 
Which of the following is NOT a disadvantage of a fluidized bed reactor? 

   
Large pressure drops 
  
Correct! 

   
Uneven particle mixing 
  

   
Large reactor volume required 
  

   
Vessel erosion 
  
  
Question 2 
Question Score  / 3 pts 
Which type of reactor is also known as a fixed bed reactor? 
You Answered 

   
FBR 
  

   
CSTR 
  

   
PFR 
  
Correct Answer 

   
PBR 
  
  
Question 3 
Question Score  / 3 pts 
Which of the following reactors does not have good temperature control? 
Correct! 

   



PFR 
  

   
CSTR 
  

   
Semi-batch 
  

   
Fluidized Bed 
  
Question 4 
Question Score  / 3 pts 
What type of reactor is used to minimize unwanted side reactions? 

   
FBR 
  

   
CSTR 
  

   
Batch 
  
Correct! 

   
Semi-batch 
  
  
Question 5 
Question Score  / 3 pts 
Which type of reactor is used in the pharmaceutical industry? 

   
Semi-batch 
  

   
PBR 
  
Correct! 

   
Batch 
  

   
CSTR 
  



  
Question 6 
Question Score  / 2 pts 
The phases in a PBR include liquid and solid catalyst. 

   
True 
  
Correct! 

   
False 
  
  
Question 7 
Question Score  / 2 pts 
A CSTR has poor temperature control. 

   
True 
  
Correct! 

   
False 
  
  
Question 8 
Question Score  / 2 pts 
A CSTR runs at unsteady state. 

   
True 
  
Correct! 

   
False 
  
  
Question 9 
Question Score  / 2 pts 
A CSTR is a reactor with a continuous flow of reactants and products that assumes a 
uniform composition throughout the reactor. 
Correct! 

   
True 
  

   
False 



  
  
Question 10 
Question Score  / 2 pts 
The catalyst in a PBR undergo fluidization. 

   
True 
  
Correct! 

   
False 
  
Final Score: 22 out of 25 
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Score for this quiz: 19 out of 25 
Submitted Jan 31 at 10:22pm 
This attempt took 19 minutes. 

  
Question 1 
Question Score  / 3 pts 
Which of the following is NOT a disadvantage of using a PFR? 
Correct! 

   
High operating cost 
  

   
Undesired thermal gradients may exist 
  

   
Poor temperature control 
  

   
Shutdown and cleaning may be expensive 
  
  
Question 2 
Question Score  / 3 pts 
Which of the following is an advantage of using a BATCH reactor? 
Correct! 

   
High conversion per unit volume for one pass 
  

   
Consistent product quality 
  

   
Low operating cost 
  

   
Limited flexibility in usage 
  
  
Question 3 
Question Score  / 3 pts 
Which of the following reactors has concentration changes down the length of the 
reactor? 
Correct! 

   



PFR 
  

   
Batch 
  

   
CSTR 
  

   
Semi-batch 
  
  
Question 4 
Question Score  / 3 pts 
Which type of reactor is also known as a fixed bed reactor? 
Correct Answer 

   
PBR 
  

   
PFR 
  
You Answered 

   
FBR 
  

   
CSTR 
  
  
Question 5 
Question Score  / 3 pts 
Which reactor is primarily operated in the gas phase? 
Correct Answer 

   
PFR 
  

   
CSTR 
  

   
BATCH 
  
You Answered 



   
PBR 
  
Question 6 
Question Score  / 2 pts 
The catalyst in a PBR undergo fluidization. 

   
True 
  
Correct! 

   
False 
  
  
Question 7 
Question Score  / 2 pts 
A packed bed reactor uses catalysts. The catalyst may cause channeling in the reactor. 
Correct! 

   
True 
  

   
False 
  
  
Question 8 
Question Score  / 2 pts 
A CSTR runs at unsteady state. 

   
True 
  
Correct! 

   
False 
  
  
Question 9 
Question Score  / 2 pts 
A BATCH reactor undergoes continuous operation. 

   
True 
  
Correct! 

   



False 
  
  
Question 10 
Question Score  / 2 pts 
Both PBR and FBR use catalyst. 
Correct! 

   
True 
  

   
False 
  
Final Score: 19 out of 25 
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