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PRAIRIE VIEW A&M UNIVERSITY 

ROY G. PERRY COLLEGE OF ENGINEERING  

DEPARTMENT OF CHEMICAL ENGINEERING 

CHEG 3306 Kinetics and Reactor Design, SPRING 2022 

 
I.   COURSE SYLLABUS  IN ABET FORMAT 

 

II. ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 
Program Outcomes Assessed in Course 
Assessment Summary of Class Semester Averages  for Outcomes           

End of Semester Course Outcomes Assessment Reports 
 

III.   TESTS  

Summary of Topics covered by Test   

Original Test Questions & Master Solution/grading scheme used   

(Summary of topics can be a separate page or include on the assignment itself) 

  Above Average  (Graded original work ) 

  Average       (Graded original work ) 

  Below Average  (Graded original work ) 
 

IV. QUIZ 

Summary of Topics covered by Homework  

Original Homework Questions & Master Solution/grading scheme used   

   Above Average  (Graded original work ) 

  Average       (Graded original work ) 

  Below Average  (Graded original work ) 

V. Homework Assignment  

 

Summary of Topics covered by Homework  

Original Homework Questions & Master Solution/grading scheme used   

   Above Average  (Graded original work ) 

  Average       (Graded original work ) 

  Below Average  (Graded original work ) 

 

 

 
VI.  PROJECT 

       Summary of Topics Covered by Project 

       Project Problem Statement and Grading Scheme 

   Above Average  (Graded original work ) 

  Average       (Graded original work ) 

  Below Average  (Graded original work ) 
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I.  COURSE DESCRIPTION IN ABET FORMAT 
 

COURSE SYLLABUS 

 

CHEMICAL ENGINEERING DEPARTMENT 

CHEG 3306 Kinetics and Reactor Design 
Please use the following format for the course syllabi (2 pages maximum in Times New Roman 12 point font)  

 
1. Course number and name: CHEG 3306  Kinetics and Reactor Design 

 

2. Credits and contact hours: 3 credit hours; 5 contact hours 

 

3. Instructor’s or course  

coordinator’s name: 

 

Dr. Nabila Shamim 

 

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

                   Author: Fogler, H. S.,  

                   Publisher, Year & Edition: Prentice-Hall, (6th Edition).   

5. Specific course information  

 a . Brief description of the content of the course 

(catalog description) 

CHEG 3306 Kinetics and Reactor Design, 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. 

Goals: The goal of this course is to teach students the science and 

design of  reaction engineering processes 

 b. Prerequisites or  

     Co-requisites 
CHEG 2013 - Materials Science,  
CHEG 3304 - Chemical Engineering Thermodynamics II 
MATH 2043 - Differential Equations I 

 c. *Indicate whether a required, elective, or selected 

elective (as per definition provided) course in the 

program 

Required 

6. a. Specific goals for the course specific outcomes of 

instruction (e.g. The student will be able to 

explain the significance of current research about 

a particular topic.)   

 

Students will be able to : 

 

b. Explicitly indicate which of the student outcomes listed in 

Criterion 3 or any other outcomes are addressed by the 

course.  

 

The specific goals for the course specific outcomes listed on the left 

column will address the following student learning outcomes: 

 (i) Identify the limiting reactant, basis of calculation, 

and excess reactants. 

(ii) Apply stoichiometric ratios or relative rates and 

develop a stoichiometric table based on phase and 

components. 

(iii) Perform mole balances and energy balances 

based on chemical reaction and/or reactor type. 

(iv) Understand reaction mechanisms and reaction 

pathways. 

 

 

 

 

 

Outcome 1 

An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics.  

 (i) Determine the final exit concentration using 

Excel. 

(ii) Calculate reactor volume using 
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approximations. 

(iii) Determine the optimum conversion based on 

graphs generated in Polymath. 

 

 (i) Evaluate the selectivity of products in reactions 

and choose feed location of raw materials. 

(ii) Increase desired product for single and multiple 

reactants by selecting appropriate reactor and feed 

conditions. 

(iii) Research common safety procedures utilized 

with different catalytic reactions. Calculation 

composition or concentra tion of components 

entering and leaving reactor. 

1. Meet design constraints given in the problem 

statement. 

Outcome 2 

An 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 

 

Mole Balances (4 hours) 

Conversion and Reactor Sizing (6 hours) 

Rate Laws and Stoichiometry (7 hours) 

Isothermal Reactor Design                     (6 hours) 

Multiple Reactions (6 hours) 

Catalysis and Catalytic Reactors (6 Hours)   

Design                                             (6 hours) 

 

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives) are 

optional for students, and selected elective courses are those for which students must take one or more courses from a specified group 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

Prepared by:    Dr. Nabila Shamim           Date: May 16, 2022 
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II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

 

 

Program Outcomes Assessed in this course  
 
Outcome 1:   

An ability to identify, formulate, and solve complex engineering problems (CEP) by applying principles of 

engineering, science, and mathematics.   

Outcome 2 

An 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..   
 
 

   

Assessment Summary of Class Semester Averages for Outcomes 

(Should be provided for Fall 2019 through Spring 2021 Assessment Period) 

 

Outcomes   1 2 

Semester 
Semester Class Average 

(%) 
Semester Class Average (%) 

Spring 2022 74 91 

Spring 2021 74 83 

Spring 2020 66 74 

Spring 2019 71 85 

Comments on 

Trend of Data 

(Improving or 

deteriorating) 

Class average is close to 
the  ideal class outcome 
of 75%. Students came 

back from online to face 
to face option. It took 

some time for students to 
get adapted. 

 
 Average is above the ideal 
average of 75% 
 The instructor had several 
one to one meeting and 
continuously worked with 
the groups to help them in 
the projects and technical 
writing. These helped 
improve their overall grades.  
 

 

   

*Expected  Semester Class Average    = 70% (or as defined by the program) 

                        Ideal Semester Class Average            =75%  (or as defined by the program) 
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End of Semester Course Assessment Reports 

Spring 2022 and Last Three Assessment Periods. 
 

Each summary contains the following Information 
  

1.  Performance Statistics 

• Total number of students in class 

• The class average performance (stated as %) in each course outcome assessed 
in this class and the two previous times course was assessed.  

• The acceptable class average for the class in each outcome area as set by your 
Department.  

• Percentage of students who scored below the expected average in each 
outcome. 

 

2.  Implementation Summary 

• Brief summary of plans implemented during the semester based on last 
assessment report 

 

3.  Perceived Problems 

• Instructor’s  critical evaluation of perceived problems that affected students’ 
performance. Realistic problems should be identified throughout the semester 
and summarized in this section of the report. 

 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the 

class is taught. These should be specific enough for another instructor to 

implement. Most of these should be things that, you, the instructor can 
implement to help students to improve. Be creative. 

 

5.  Overall Trend over last three assessment periods 

• Instructors summary of overall performance trend for each outcome 
measured over the last three periods. 

 

5.  Were Expectations Met? 

• Answer YES if the class average was above the expected average and the 
stated percentage of students scored at or above the expected average, else 
answer NO. 
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Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CHEG 3063-Y01: KINETICS AND REACTOR DESIGN: SRPING 2021 SEMESTER 

Report Prepared by: Dr. NABILA SHAMIM  Report Date:  May 17, 2022 

 

  

  

Semester  
  
  

Analysis 
Type  

  
Number 

of 
Students  

Outcome 1.1  
Identify and Formulate 

reaction engineering  
problems using principles 

of   
engineering/mathematics.  

  

Outcome 1.2    
1.2 Solve  reaction engineering 

problem using 
POLYMATH/MATLAB   

Outcome 1  
Ability to identify, 

formulate, and solve 
complex engineering 
problems by applying 

principles of engineering, 

science.   

  
Expected 

Class 

Average/  

  
Expected 

Percent of 

students 

at or 

above 

average  

  
  

Class 

Average  

  
% 

Students 

meeting 

Expected 

Average  

  
Expected 

Class 

Average/  

  
Expected 

Percent of 

students at 

or above 

average  

  
  

Class 

Average  

  
% Students 

meeting 

Expected 

Average  

  
Expected 

Class 

Average/  

  
Expected 

Percent 

of 

students 

at or 

above 

average  

  
  

Class 

Average  

  
% 

Students 

meeting 

Expected 

Average  

 

Spring 2022 Direct 20 75 70 65 43 75 70 90 100 75 70 74 71  

Spring 2021 Hybrid 30 75 70 70 43 75 70 81 83 75 70 74 70  

Spring 2020  Direct  23  75  70  56  27 75  70  75  64 75  70  66 27   

  
Implementation Summary  

Items 
implemented 

from previous 
report or after 

meeting 
previous 

instructor  

1. Students came back to 

face to face learning. At 
the beginning they were 
struggling and achieved 

lower grade on exam 1.  
2. Gradually they did better 

with problem solving as 
we did one to one 

meeting.  
3. Students were divided into 

small group of two with a 
specific problem to Think-

Pair-Share. 
4. Discussion topics were 

assigned in CANVAS 
helped students to 

communicate to complete 
a video submission.  

  
Technology used:  

5. Surface pro is used to 
deliver lectures. 

6. OneNote software gave 

the opportunity to write 
the lecture topics on white 
page and simultaneously 
share with students.  

7. The split screen option 
gave the privilege to share 
the theory and solve the 
problem side by side.  

8. Used active learning and 
collaboration tools to 
make the class more 
interactive.  

9. Individually students were 
assessed using exams and 
quizzes.  

10. . Students’ basic 
concepts on kinetics was 
analyzed by multiple 
choice questions.   

• Complex engineering assignment 
were assigned based on 

Polymath/Matlab  

• A detail rubric on the project was 
provided to students 
. 

Quizzes, Exams, HWs and 

were given throughout the 
semester to formulate and 
solve complex engineering 

problems 
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Perceived Problems  

Perceived 

problems are 
directly related 
to the PC and 
the sub items 

under them  

Students struggled on 

developing the CRE 
algorithms. 

Poor understanding of Mole 
balance, Rate laws, 

stoichiometry   

• They were unable to effectively 
apply the information correctly in 

mole balance, rate laws, and 
combine them to solve complex 

problems using polymath. Lack in 

explaining data obtained by 
computational tools  

Problems were mentioned in 
the sub-outcomes.  

Plans for Addressing 
Problems  

Plans for 

address specific 
measures to 

address PC and 
their sub areas  

The following is 

recommended for 
implementation.    

More tutoring is needed, TA 
for higher level classes are 

required.   

The instructor  
provided handouts detailing how to 

analyze and explain data.  

Plans to address problems 
mentioned in the sub-

outcomes  

Overall Trend over Periods  Ascertain if there 
were 

improvements 
over previous 

semesters  

Class average and the 
percentage of students 

reaching the expected 
outcome did not meet 

requirements.  

Class average of students reaching 
the expected outcome and the 

percentage of students reaching the 
expected outcome met 

requirements 

Class average of students 
reaching the expected 

outcome but the percentage 
of students reaching the 

expected outcome did not 
meet requirements.  

Were Expectations Met?  Class Average 
≥75% and ≥70% 

of Students 
Performed at or 

Above Expected 
Average.   

  

  

  
  

NO  

  
  

YES   

  
  

No 

 



9 

 

END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CHEG 3063-Y01: KINETICS AND REACTOR DESIGN: SRPING 2021 SEMESTER 

Report Prepared by: Dr. NABILA SHAMIM  Report Date:  May 18, 2021 

  

  

Semester  
  
  

Analysis 

Type  

  
Number 

of 

Students  

Outcome 1.1  
Identify and Formulate 

reaction engineering  

problems using principles 
of   

engineering/mathematics.  
  

Outcome 1.2    
1.2 Solve  reaction engineering 

problem using 

POLYMATH/MATLAB   

Outcome 1  
Ability to identify, 

formulate, and solve 

complex engineering 
problems by applying 

principles of engineering, 
science.   

  
Expected 

Class 

Average/  

  
Expected 

Percent of 

students 

at or 

above 

average  

  
  

Class 

Average  

  
% 

Students 

meeting 

Expected 

Average  

  
Expected 

Class 

Average/  

  
Expected 

Percent of 

students at 

or above 

average  

  
  

Class 

Average  

  
% Students 

meeting 

Expected 

Average  

  
Expected 

Class 

Average/  

  
Expected 

Percent 

of 

students 

at or 

above 

average  

  
  

Class 

Average  

  
% 

Students 

meeting 

Expected 

Average  

 

Spring 2021 Hybrid 14 75 70 70 43 75 70 81 83 75 70 74 70  

Spring 2020  Direct  23  75  70  56  27 75  70  75  64 75  70  66 27   

  

Implementation Summary  

Items 
implemented 

from previous 
report or after 

meeting 
previous 

instructor  

1. One of the main 
issues of online teaching and 

learning is, it becomes 
monotonous, so new 
teaching techniques were 
adopted to improve teaching 

with the goal of achieving 
optimal learning among 
students. 

2. the following 
techniques and technologies 
were included:  
3. In class we 

watched short videos and 
discussed current topics to 
have some brain breaks 
and understand safety 

concerns in reactor design 
At the beginning of the 
class Live Polling was 
conducted to draw class 

attention and a quick 
review of previous class. 
2. Students were divided 
into small breakout room 

in zoom with a specific 
problem to Think-Pair-
Share. 3. Discussion 

topics were assigned in 
CANVAS helped students 
to know each other better 
during online classes. 

They shared thoughts with 
instructor, peers and made 
comments. 4. In class we 
watched short videos and 

discussed current topics to 
have some brain breaks.  

Technology used:  
4. Surface pro is 

used to deliver online 
lectures. 
5. OneNote 

software gave the 
opportunity to write the 
lecture topics on white page 
and simultaneously share 

with students.  
6. The split screen 

• Complex engineering assignment 
were assigned based on Polymath  

• Tutorial class were taken to 
familiarize student with Polymath 

• A detail rubric on the project was 
provided to students 
• Remote access to MATLAB was 

given to students via VDI.   . A 
SOP was provided showing the 
steps to get remote access.  

• • A detailed SOP shared with 
student to complete complex 

problems on multiple reactions. 

Quizzes, Exams, HWs and 
projects were given 

throughout the semester to 

formulate and solve complex 
engineering problems 
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option is a game changer, it 
gave the privilege to share 

the theory and solve the 
problem side by side.  
7. Used active 

learning and collaboration 
tools to make the class more 
interactive, polling tool, 
breakout room and 

collaborative annotation 
session. 
8. Individually 
students were assessed using 

exams and quizzes.  
9. . Students’ basic 
concepts on kinetics was 
analyzed by multiple choice 

questions.   

  
Perceived Problems  

Perceived 

problems are 
directly related 
to the PC and 
the sub items 

under them  

Students struggled on 

developing the CRE 
algorithms. 

Poor understanding of Mole 
balance, Rate laws, 

stoichiometry   

• They were unable to effectively 
apply the information correctly in 

mole balance, rate laws, and 
combine them to solve complex 

problems using polymath. Lack in 
explaining data obtained by 

computational tools 
Due to pandemic academic 
integrity was at risk. 

Problems were mentioned in 
the sub-outcomes.  

Plans for Addressing 
Problems  

Plans for 
address specific 

measures to 

address PC and 
their sub areas  

The following is 
recommended for 
implementation.    

More tutoring is needed, TA 

for higher level classes are 
required.   

The instructor should: 
Continue providing handouts 
detailing how to analyze and 

explain data.  

Plans to address problems 
mentioned in the sub-

outcomes  

Overall Trend over Periods  Ascertain if there 

were 
improvements 
over previous 

semesters  

Class average and the 
percentage of students 
reaching the expected 
outcome did not meet 

requirements.  

Class average of students reaching 
the expected outcome and the 

percentage of students reaching the 
expected outcome met 

requirements 

Class average of students 

reaching the expected 
outcome but the percentage 

of students reaching the 
expected outcome did not 

meet requirements.  

Were Expectations Met?  Class Average 
≥75% and ≥70% 

of Students 

Performed at or 
Above Expected 

Average.   

  
  

  
  

NO  

  
  

YES   

  
  

NO 
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END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CHEG 3306-P01: KINETICS AND REACTOR DESIGN: SRPING 2021 SEMESTER 

Report Prepared by: Dr. NABILA SHAMIM  Report Date:  May 18, 2022 

 
  
  

Semester  

  
  

Analysi
s Type  

  
Number of 

Students  

Outcome 2.1 
 Ability to define the kinetics 

and reactor design Problems 

Sub-Outcome 2.2  
 Ability to Conduct a Review 

of the Literature 
  

Sub-Outcome 2.3    
Ability to perform detailed design 

of complex chemical engineering 
design.  

  

Outcome 2  
An ability 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.  

Expected 
Class 

Average 

Expected 
% of 

student 
above 

average 

Class 
Average 

% of 
student 
above 

average 

  
Expecte

d Class 

Avera
ge/  

  
Expected 

Percent of 
students at or 

above average  

  
  

Class 
Average  

  
% Students 

meeting 
Expected 

Average  

  
Expected Class 

Average/  

  
Expected 

Percent of 
students at or 

above average  

  
  

Class 
Average  

  
% 

Students 
meeting 

Expecte

d 
Average

  

  
Expected 

Class 

Average
/  

  
Expected 

Percent of 
students at or 

above average  

  
  

Class 
Average

  

  
% Students 

meeting 
Expected 

Average  

Spring 2022 Direct 14 75 70 89 100 75 70 90 100 75 70 92 100 75 70 91 100 

Spring 2021 Hybrid 30 75 70 78 83 75 70 85 96 75 70 87 100 75 70 83 93 

  

Implementation 
Summary  

Items implemented 
from previous 

report or after 
meeting previous 

instructor  

• Complex engineering 
assignment to identify and 

solve reactor design problems 

such as gas phase reaction with 
pressure drop, membrane 

reactor. 

New  techniques and teaching 
method were adopted as 

mentioned earlier.  

 
 In class we watched safety 

videos and discussed current 
topics to have some brain 

breaks.   

• The instructor gave clearer 
instruction on the design of 
complex problem. Instructor 
gave examples of multiple 

reactions. 

• Collaborative work on CRE 
algorithms. Met each groups 
several times on the progress of 

the project 

the students gathered 
knowledge on how to use 

prerequisite information and 

design a reactor. They learned 
how to write report and do 
literature review and gather 
information to complete the 

design 

Perceived 

Problems  

Perceived problems 
are directly related 

to the PC and the 
sub items under 

them  

• Few Student struggled with 
developing relative rate laws 
and combine pressu re d rop 
together to develop the 

design equation. 

• Students completed the 
design problems and gath er  
information on catalyst from 
literature . 

• Not all Students were working 
on the project and were not 
able to incorporate their 
knowledge of prerequisites  in  

their work.  

• It was hard to evaluate 
individual students. This is one 
of the reason of higher average 
was observed for projects 

Problems were mentioned in 

the sub-outcomes.  

Plans for 

Addressing 
Problems  

  
Plans for address 

specific measures to 
address PC and 
their sub areas  

TA are required to help  

TA for higher level classes are 

required   

Hand on reactor system can 

emphasis the visualization of the 
project and would help students 

better understand the design 
equations and how they are used 

in the reactor design.  
Some Individual projects would 

be helpful to evaluate all student. 
Plant tours would be good for 

design purpose 

The plans mentioned in the 

sub-outcomes are 
recommended.  

Overall Trend 
over Periods  

Ascertain if there 

were improvements 
over previous 

semesters  

Class average and expected 
outcome were significantly 

high 
Class average and expected 

outcome were significantly 
high 

Class average and expected 
outcome were significantly high  

Average is above the ideal 
average of 75% 

 The instructor had several one-
to-one meeting and 

continuously worked with the 
groups to help them in the 

projects and technical writing. 

These helped improve their 
overall grades. 

Were 
Expectations 

Met?  

  YES YES 
YES 

  
YES 
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END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CHEG 3063-Y01: KINETICS AND REACTOR DESIGN: SRPING 2021 SEMESTER  

Report Prepared by: Dr. NABILA SHAMIM  Report Date:  May 18, 2021 

 
  
  

Semester  

  
  

Analysi
s Type  

  
Number of 

Students  

Outcome 2.1 
 Ability to define the kinetics 

and reactor design Problems 

Sub-Outcome 2.2  
 Ability to Conduct a Review 

of the Literature 
  

Sub-Outcome 2.3    
Ability to perform detailed design 

of complex chemical engineering 
design.  

  

Outcome 2  
An ability 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.  

Expected 
Class 

Average 

Expected 
% of 

student 
above 

average 

Class 
Average 

% of 
student 
above 

average 

  
Expecte

d Class 

Avera
ge/  

  
Expected 

Percent of 
students at or 

above average  

  
  

Class 
Average  

  
% Students 

meeting 
Expected 

Average  

  
Expected Class 

Average/  

  
Expected 

Percent of 
students at or 

above average  

  
  

Class 
Average  

  
% 

Students 
meeting 

Expecte

d 
Average

  

  
Expected 

Class 

Average
/  

  
Expected 

Percent of 
students at or 

above average  

  
  

Class 
Average

  

  
% Students 

meeting 
Expected 

Average  

Spring 2021 Hybrid 30 75 70 78 83 75 70 85 96 75 70 87 100 75 70 83 93 

  
Implementation 

Summary  

Items implemented 
from previous 
report or after 

meeting previous 

instructor  

• Complex engineering 
assignment to identify and 

solve reactor design problems 

such as gas phase reaction with 
pressure drop, membrane 

reactor. 

New online techniques and 
teaching method were adopted 

as mentioned earlier.  
Discussion topics were given 
to conduct literature review 
Due to pandemic academic 

integrity was at risk and 
project weight was increased.   

The instructor gave clearer 
instruction on the design of 

complex problem. Instructor gave 

examples of multiple reactions. 
Instructor made necessary 

arrangements to access software 
remotely . collaborative work on 

CRE algorithms. Met each groups 
several times on the progress of 

the project 

the students gathered 
knowledge on how to use 

prerequisite information and 
design a reactor. They learned 

how to write report and do 
literature review and gather 

information to complete the 
design 

Perceived 

Problems  

Perceived problems 
are directly related 
to the PC and the 

sub items under 
them  

Few Student struggled with 
developing relative rate laws 
and combine them together to 
develop the design equation. 

Students struggled with the 
design problems and gather 

information from literature  

Not all Students were working on 
the project and were not able to 
incorporate their knowledge of 

prerequisites in their work.  

It was hard to evaluate individual 
students. This is one of the reason 
of higher average was observed 

for projects 

Problems were mentioned in 

the sub-outcomes.  

Plans for 
Addressing 

Problems  

  
Plans for address 

specific measures to 

address PC and 
their sub areas  

TA are required to help  

TA for higher level classes are 

required   

More emphasis should be made 
on design equations and how they 

are used in the reactor design.  
Some Individual projects would 

be helpful to evaluate all student. 
Plant tours would be good for 

design purpose 

The plans mentioned in the 
sub-outcomes are 

recommended.  

Overall Trend 
over Periods  

Ascertain if there 

were improvements 
over previous 

semesters  

Class average and expected 
outcome were significantly 

high 
Class average and expected 

outcome were significantly 
high 

Class average and expected 
outcome were significantly high  

Average is above the ideal 
average of 75% 

 The instructor had several one-
to-one meeting and 

continuously worked with the 
groups to help them in the 

projects and technical writing. 
These helped improve their 

overall grades. 

Were 
Expectations 

Met?  

  YES YES 
YES 

  
YES 
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CHEG 3306-P01: KINETICS AND REACTOR DESIGN 

 

Title of Assignment:  EXAM 1 

 

 

 

 

TOPICS COVERED IN EXAM 1 

 

  

 

 

 

 

Exam 1 covered the following topics: 

1. Mole Balance, Stoichiometry 

2. Membrane Reactor, Gas Phase reaction 

3.  Perform mole balances and energy balances based on chemical reaction 

and/or reactor type. 
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CHEG 3306-P01: KINETICS AND REACTOR DESIGN 

 

 

 

 

 

 

 

 

 

 

 

 

 

SAMPLE TEST QUESTIONS, SOLUTION,  

AND GRADING SCHEME FOR MID-TERM EXAM 
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Kinetics and Reactor Design CHEG 3306 PO 1  

Spring 2022 

Exam I Time: 1Hr 20 min Date: March 9 2022 

Instructor: Dr. Nabila Shamim  
Total points: 100 

 

ABET OUTCOME 1 An ability to identify, formulate and solve complex engineering problem by 

applying principle of engineering science and mathematics.  

STUDENT NAME: ………………………. ……………………….DATE: ………………… 

Competency area Points Score earned 

Outcome 1.1 Identify and formulate 

(i) Understand the given problem and 

identify the subject area and concepts 

involved  

a. Derive mole balance equation rate law and 

develop stoichiometry table  

(ii) Formulate the CEP into a mathematical 

model [using basic, intermediate and 

advanced mathematics ranging from algebra 

& trigonometry, calculus 

b. Combine all equation to solve for volume 

55  

2.1 Solve problems 

a. Calculate volume, space time, 

concentration 

45  

Total  100  

 

Closed Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO RESTROOM BREAKS NO 
COLLABORATION 

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS 
ANY DISHONESTY DURING THE EXAMS WILL RESULT IN “F” GRADE 
WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOT USE ANY SHEET OF 

YOUR OWN 
 

 

Student Signature: ………………………………………………. 
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Problem 1 (15 points)  

The following elementary reaction  

 

is carried  out  in a CSTR. For an entering volumetric f lowrate of  10 dm 3 /s at  a concentration of  0.5 

mol/dm3 , what is the space t ime for the reactor to achieve 90% conversion?  

Additional Information: kA = 0.01 mol/dm3•s 
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Problem 2 (30 Points) For the gas phase reaction   

 

 Compound A undergoes a reversible isomerization reaction, A     B, over a supported metal catalyst. 

Under pertinent conditions, A and B are liquid, miscible, and of nearly identical density; the 
equilibrium constant for the reaction (in concentration units) is 6.0. In a fixed -bed isothermal flow 
reactor in which backmixing is negligible (i.e., plug flow), a feed of pure A undergoes a net 

conversion to B of 50%. The reaction is elementary. If a second, identical flow reactor at the same 
temperature is placed downstream from the first. The reaction is reversible at constant temperature 

and pressure.  
 
Follow the CRE algorithms to complete the problem (for example Mole balance equation, Rate laws, 

Stoichiometry, combine and evaluate etc.)  
 

1. Develop the rate laws 
2. Develop the stoichiometric table. 
3. Write the concentration of A and B in term of CA0 and X. 

4. Combine the equations. 
5. What overall conversion of A would you expect?  
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Problem 3 (15 Points) The gas phase irreversible reaction is carried out isothermally in a PBR. 

A                     B 
The reaction is zero order. The entering temperature is 400 K, and the entering pressure is 10 atm. The 
flow is turbulent. For a 10 kg PBR with a pressure drop parameter α = 0.01 kg-1, the exit conversion was 

found to be 0.4. 
 

a) What catalyst weight of the PBR will you require if you need an exit conversion of 0.8?  
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b) (10 Points) Assuming that the particle diameter is decreased by a factor of 2 so that the pressure drop 

parameter α, is now increased to 0.02? Assume all other operating conditions are the same as for the base 
case (i.e. W = 10 kg). For a 10 kg PBR with a pressure drop parameter α = 0.01 kg-1 
 

For the fixed inlet pressure of 10 atm, will the volumetric flow rate v, (dm3/s), be greater, smaller, or 
remain the same when the particle diameter is decreased by a factor of 2? 

 
a. Increased 

b. Decreased 

c. Remain the same 

d. None of the above 

Show your work.  

 

 

For e = 0

dp

dW
=

-a

2p
(1+eX)

When W = 0 p =1

dp2 = -a dW

p2 = (1-aW )

p = (1-aW )1/2
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Problem 3 ( 30 Points)  

Problem 3a. (5 Points) Given the following liquid phase reaction and feed conditions what is the correct 
expression for CD as a function of the conversion of the limiting reactant X? 
A +3B                      2C + D 

 
CA0= CD0 = 1 mol/ min  CB0 = 2 mol/min CC0 = 0 

 

a) CD = CB0 ( 1-X)  

b) CD = CB0 ( 1+X)  

c) CD = CB0 ( 1- X/3)  

d) CD = CB0 ( ½ + X/3)  

 

 

 

Problem 3b. (5 Points) Consider the following elementary react ions 

                          

a) Which react ion has the higher activation energy? 

 

b) Which react ion is virtually temperature insensitive?  

 

 

 

 

 

 

 

 

Problem 3c. ( 5 points) the hydrogenation of acetylene to form ethane 

 C2H2 + 2H2                C2H6 
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Lets consider 20 Kmol/h acetylene and 50 Kmol/h of hydrogen are fed to the reactor. Which one is the 

limiting reactant? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Problem 3d. (5 Points) The adiabatic exothermic irreversible gas phase reaction 

2A + B                   2C 
is to be carried out in a flow reactor for an equilmolar feed of A and B. What is the value of ɛ?  
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Problem 3e. (10 Points) The exothermic reaction 

 

 A → B + C 

 
was carried out adiabatically and the following data are given: 
 

 
 
The entering molar flow rate of A was 400 mol/min. 

 
a. The volume of a CSTR required for 20% conversion is   

 
  
 

 
b.  The volume of a PFR required for 20% conversion is   
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L3b-4

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.

Numerical Evaluation of Integrals (A.4)
Simpson’s one-third rule (3-point):

( ) ( ) ( ) ( ) 210

2X

0

XfXf4Xf
3

h
dxxf ++=

hXX    
2

XX
h 01

02 +=
−

=

Trapezoidal rule (2-point):

( ) ( ) ( ) 10

1X

0

XfXf
2

h
dxxf +=

01 XXh −=

Simpson’s three-eights rule (4-point):

( ) ( ) ( ) ( ) ( ) 3210

3X

0

XfXf3Xf3Xfh
8

3
dxxf +++=   

3

XX
h 03 −
=

h2XX  hXX 0201 +=+=

Simpson’s five-point quadrature :

( ) ( ) ( ) ( ) ( ) ( ) 43210

4X

0

XfXf4Xf2Xf4Xf
3

h
dxxf ++++=   

4

XX
h 04 −
=

  
 

 

 

 

 

 

 

 

 



24 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABOVE AVERAGE  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Above Average Student Original Graded Assignment 

Page  T4 



26 

 

 

 

 



27 

 

 



28 

 

 



29 

 



30 

 

 



31 

 

 
 

 

 

 

 

 



32 

 

 

 
 

 

 

 



33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AVERAGE  

 



34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Average Student Original Graded Assignment  



35 

 

  

 

 
 

 

 



36 

 

 

 



37 

 

 



38 

 

 



39 

 

 
 



40 

 

 



41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BELOW AVERAGE  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Below Average Student Original Graded Assignment  



43 

 

 

 

 

 

 

 



44 

 

 

 

 

 
 



45 

 

 



46 

 

 
 

 



47 

 

 



48 

 

 

 
CHEG 3306-P01: KINETICS AND REACTOR DESIGN 

 

Title of Assignment:  Quiz 1 

 

 

 

 

TOPICS COVERED IN Quiz 1 

 

  

 

 

 

 

Quiz 1 covered the following topics: 

Mole Balance, Stoichiometry 
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CHEMICAL ENGINEERING DEPARTMENT 

KINETICS AND REACTOR DESIGN CHEG 3306 P01 

SPRING 2022 
 

 

 

 

Assignment 3 

 

TOPICS COVERED  

 

1. Formulate and Solve Reaction Engineering Problem (multiple Reaction) 

using POLYMATH/MATLAB 
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Chemical Reaction Kinetics and Reactor Design CHEG 3306 PO 1 (Spring 2022): 

Assignment 3 Due Date: April 18, 2022 
 

 

 

 
STUDENT NAME: ………………………. ……………………….DATE: ………………….. 

 

Open Book Assignment 

 

Upload the graded homework in task stream under Outcome1Multiple Reactions (use Polymath) 

 

Student Signature: ………………………………………………. 

 

Chemical Reaction Engineering CHEG 3306 

SPRING 2022 

Homework  Assignment 3: DUE DATE April 18 2022 

Chapter 6: Isothermal Reactor Design: Moles and Molar flow rates   

Text Book: Elements of Chemical Reaction Engineering, 6TH Edition, by H. Scott Fogler 

  

Problems: 

Problem P6 -4B , Problem P6-7B and Problem 6-11B 
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Chemical Reaction Kinetics and Reactor Design CHEG 3306 PO 1 

 (Spring 2022) 

 

 

 

Project 1 

 

TOPICS COVERED IN Project 1 

 
1. Define/Understand the Kinetics and reactor design Problem 

a. Develop mole balance equation 
b. Rate law and stoichiometry and combine  

2. Perform detailed design of complex chemical engineering design 
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Final Project CHEG 3306 

Spring 2021 Due Date April 30, 2022 

Project objectives: 

• To demonstrate your understanding of designing a packed bed reactor. 

• Show that you can calculate the required design taking heat, pressure drop and changing 

physical properties into account. 

• Design and create a plan of action that you will follow to achieve your goal. 

• To reflect afterwards on your group’s progress and judge how you followed your plan. 

You are required to design a shell and tube packed-bed reactor for methanol synthesis. The 

complete problem statement follows. 

1. Projects are to be tackled in groups, with one report per group. Each student will submit at the 

end of the project a confidential assessment of the relative contributions of the members of the 

group. 

2. The methodology used in the design of the reactor must be clearly explained; all assumptions 

must be identified and evaluated; the results must be clearly presented and discussed. In particular 

you must have a section at the start of your report where you: “clearly explain the strategy you 

will follow to achieve the project’s objective”. Use bullet points showing the sequence of steps 

you planned. 

3. Reports must be written in an acceptable and professional style and should not exceed 15 typed 

pages (including any appendices). Any polymath code you choose to include in part of your page 

limit. You must submit your report using Canvas.  

4. All published information consulted must be appropriately referenced. 

5. At the end you must have a section called “Reflection”. Answer these 3 questions in the 

section: 

• How accurately did our group stick to the plan (there is no penalty from deviating from 

your plan, but describe why you deviated). 

• How would we go about the project differently if we could redo it? 

• What did we learn from doing this project (bullet points are OK). 

Problem statement 

A new catalyst has been proposed for the synthesis of methanol from carbon monoxide and 

hydrogen gas. This catalyst is reasonably active between temperatures of 330 K to about 430 K. 

The reactions to be considered are: 

CO + 2H2 ↔CH3OH 

CO + H2O ↔ CO2 + H2 
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The reactions are elementary and occur in a reactor containing tubes packed with a precious metal 

catalyst on a silica support. Heat is removed from the reactor by generating steam on the shell 

side of the tubes. The feed consists of 7 /15 hydrogen gas, 1/5 carbon monoxide, 1/5 carbon 

dioxide, and 2/15steam. The total flow rate is 300 mol.s−1. The entering pressure may be varied 

between 1 atm and 160 atm and the entering temperature between 300 K and 400 K. A total 

tubular rector volume of 2 m3 is to be used. 

The following tasks should be completed: 

1. Discuss the commercial application of this reaction in terms of the overall process, economics, 

process conditions, reactor types and configurations typically used, type of catalyst , typical 

conversion and end product usage. 

2. Assuming isothermal and isobaric conditions, determine the entering conditions of temperature 

and pressure that will optimize the production of methanol. Hint: Do this by conducting several 

simulations at discrete combinations of T0 and P0. First try T0 = 330 at P0 = 40 atm, then try T0 = 

380 and P0 = 1 atm) 

3. Carry out a detailed reactor design of a shell and tube reactor for the optimal feed conditions 

determined in part 2. Pressure drop and non-isothermal effects are to be taken into account. 

The shell side temperature can be controlled by adjusting the steam pressure and may be assumed 

constant at a value specified by you. Physical property estimation sources, techniques and 

assumptions should be clearly presented. The design should include the following: 

• the reactor dimensions and number of tubes 

• the reactor conditions; including composition, pressure and temperature profiles (as a 

function of reactor length). 

• A mechanical sketch of the reactor should be included. 

 

• Not required: mechanical design of the reactor, including specification of the reactor 

material of construction, shell and tube wall thickness and capital cost for the design. 

4. Determine the effect of variations in: 

• ratio of feed H2 to CO, 

• ratio of feed H2O to CO, 

• assumed heat transfer coefficient, U 

5. All results must be presented in SI units throughout the report. 
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The following results should be tabulated in your report: 

Inlet temperature [K] 
Outlet temperature [K] 
Inlet pressure [Pa] 

Outlet pressure [Pa] 
Maximum tube-side temperature [K] 
Location from inlet of maximum temperature [m] 

Methanol production rate [kg.s−1] 
Reactor length [m] 

Total inlet concentration, CT0 at 330K 
Rate constant, k1 at 330K 
Equilibrium constant KC,1 at 330K 

Rate constant, k2 at 330K 
Equilibrium constant KC,2 at 330K 
Heat of reaction for reaction 1 at 330K 

Heat of reaction for reaction 2 at 330K 
 

The following results for Reactor in and Reactor out in a tabular form must be presented 

Flow [mol.s−1] 
Pressure [Pa] 

Temperature [K] 
CO (mole fraction) 

H2 
CO2 
CH3OH 

H2O 
 

If you are using MATLAB, A working set of MATLAB files must be emailed to the instructor 

with submission of your final report. These MATLAB files must generate the final profiles used 

to obtain the flows, pressure, temperature and mol fractions in the above tables. Non-working 

code, or code that does not lead to the values in the table will lead to a penalty in the grade. 

Additional problem information Thermodynamic and rate data T is in Kelvin, but R = 1.987 

cal.mol−1 .K −1 . The subscript 1 refers to the methanol reaction, while subscript 2 refers to the 

water-gas shift reaction. V = 40 dm3 
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