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1. Course number and name: (0905421) Chemical Reaction Engineering (1)  
2. Class schedule: 3 credits 

a. Time and place: Sun., Tue., Thu.: 9:00-10:00; CHE 101 

b. Office hours: Sun., Tue.: 11:00 – 13:00,  

3. Instructor: Dr. Zayed Al-Hamamre 

4. Text book: Fogler, The Elements of Chemical Reaction Engineering, 3rd or 4th ed.,Upper Saddle 

River, NJ, Prentice Hall, 2006. 

5. References: 

 James B. Rawlinga and John G.  Ekerdt, Chemical Reactor analysis and Design Fundamentals 

, 7th Edition, Nob Hill Publishing, Madison, USA, 2002  

 Levenspiel O., Chemical reaction engineering, 3ed., John Wiley and Sons, New york, USA, 

1999 

 Cutlip & Shacham,  Problem Solving in Chemical and Biochemical Engineering with 

POLYMATH, Excel, and MATLAB, 2nd Edition 2008. 

6. Website: http://www2.ju.edu.jo/sites/Academic/z.hamamre/Material/Forms/AllItems.aspx 

 

 

7. Course information: 

Rate equations and conservation equation applied to homogeneous reaction system in batch, 

continuous stirred tank and tubular reactors. Conversion, yield and selectivity for isothermal 

reactors with multiple reactions: Choice of reactor for various reactions. Non-isothermal 

reactors. 

 

8. Course objective: 

1. Provide a core foundation for the analysis and design of chemical reactors 

2. Provide instruction in the analysis of experimental data to obtain rate equations and kinetic and 

thermodynamic data 

3. Provide instruction in the formulation of reaction engineering analysis and design problems and 

their solution using mathematical analysis, computer tools, and engineering judgment 

 

9. Course outcomes: 

By the end of the course, you will be able to: 

Objective 1  

1. Understand the performance characteristics and the advantages and disadvantages of major reactor 

types (O1) 

2. Set up material and energy balances and identify known and unknowns (O1). 

3. Make comparisons of ideal reactor types (batch, plug flow, mixed flow, etc.) and be able to 

determine the best choice for simple objectives when using a single reactor or a set of reactors 

(O1). 

Objective 2 

4. Analyze experimental data to obtain rate equations and kinetic and thermodynamic data (O1) 

a) Develop rate laws (reaction order and specific reaction rate) for use in reactor design based on 

reaction data from a reactor or set of reactors (O1). 

b) Describe the steps in a catalytic mechanism and how one goes about deriving a rate law, 

mechanism, and rate-limiting step that are consistent with experimental data (O1).. 

Objective 3 

5. Describe the algorithm that allows the student to solve chemical reaction engineering problems 

through logic rather than memorization (O1). 

6. Predict reactor performance in situations where a reacting gas has a significantly changing density, 

including the case of variable pressure within an ideal plug flow reactor. 

7. Identify design alternatives and evaluate these alternatives (O1, O2). 

8. Determine optimal ideal reactor design for multiple reactions for yield or selectivity (O1, O2). 

9. Predict reactor performance for reactors when the temperature is not uniform within the (O1, O2). 

http://www2.ju.edu.jo/sites/Academic/z.hamamre/Material/Forms/AllItems.aspx


10. Analyze multiple reactions carried out non-isothermally in flow, batch and semi batch reactors to 

determine selectivity and yield (O1, O2). 

11. Transform calculation problems in chemical reaction engineering into mathematical models and, if 

necessary choose a numerical method for solving those models and, if necessary, choose suitable 

ready-made software and carry out the calculations on a computer (O1, O2). 

 

10. Topics covered:  
 

Content 

 

Text book Week Outcomes 

1. Introduction: reaction rate, reactor molar 

balances, conversion 

Chapter 1 1 1, 2, 3 

2. Conversion and Reactor Sizing: Design 

Equations: Batch Reactor, CSTR, PFR, 

Applications for Continuous-Flow Reactors, 

Reactors in Series CSTRs in Series, PFRs in 

Series, Combinations of CSTRs and PFRs in 

Series 

Chapter 2 2+3 1, 6, 8, 11 

3. Rate Laws and Stoichiometry: Relative Rates 

of Reaction, The Reaction Order and the 

Rate Law, Power Law Models And 

Elementary Rate Laws, Nonelementary Rate 

Laws, Reversible Reaction, Reaction Rate 

Constant, Activation Energy, Stoichiometry 

Chapter 3 4+5 1, 2, 3 

4. Isothermal Reactor Design: Batch Reactor, 

Design of CSTR Reactors, Single CSTR, 

CSTR’s in Series, CSTR’s in Parallel, 

Design of PFR Reactors, Flow Through a 

Packed Bed. 

Chapter 4 6+7 1, 5-8 and 

11 

5. Analysis of Data: The Algorithm for Data 

Analysis, Batch Reactor Data, Finding the 

Rate Law Parameters  

Chapter 5 8 4 

6. Multiple Reactions: Types of Reactions, 

Selectivity, Reaction Yield, Parallel 

Reactions, Series Reactions, Net Rates of 

Reaction, Complex Reactions in PFR and 

CSTR.  

Chapter 6 9+10 8 

7. Reaction Mechanisms and Bioreactions and 

Reactors: Active intermediates and non-

elementary rate laws, Finding the Reaction 

Mechanism, Chain Reactions, Enzymatic 

Reaction Fundamentals, Inhibition of 

Enzyme Reactions 

Chapter 7 11+12 4 

8. Steady State non-isothermal Reactor Design: 

First Law of Thermodynamics, Heat of 

Reaction, Dissecting the Enthalpies, 

Adiabatic Operation, Tubular Reactor with 

Heat Exchange, Equilibrium Conversion, 

CSTR with Heat Effects 

Chapter 8 13+14 9, 10, 11 

9. Multiple Steady States, Nonisothermal 

Multiple Chemical Reactions 

 15 9, 10, 11 

 

Final Exam 

 16  

 

 

 

11. Minimum student materials: Text book, class handouts, engineering calculator, and an access to 

Personal Computer with MATLAB and/or polymath. 

12. Instructional methods: 

Lectures, group assignments, class discussion and problem solvingProjects and Assignments 

 

13. Homework Assignments:  



Assignments are due at the beginning of the class period on the specified date; late homework will 

NOT be accepted (i.e it will be awarded a zero). Please write only on one side of the page. Your name 

and ID number should be clearly written on first page. Start each problem on a new page. Clearly 

mark your answers in a box (Never use a red pen in your work). Staple the pages together.  

14. Assessment & Grading: 

Quizzes & Assignments   :           10% 

Short exams         : 10% 

Midterm Exam     : 30% 

Final exam     : 50% 

Total     : 100% 

 

15. Relationship to Program Outcomes (%) 

 

O1 O2  O3 O4 O5 O6 O7 

       

 

16. Relationship to Chemical Engineering Program Objectives 

 

PEO1 PEO2 PEO3 PEO 4 PEO 5 

     

 

 

 

 

 

17. Notes: 

a. Discuss the assignments among yourselves.  This is helpful to the learning process. However, 

direct copying of others work will NOT be allowed or tolerated and will result in a reduction 

of grade.   

b. All cases of academic dishonesty will be handled in accordance with university policies and 

regulations. 

c. There will be a number of unannounced quizzes during the semester. Students are expected to 

be ready to take a quiz any time they have a class. There will be no make-up quizzes. 

d. Students are expected to attend EVERY CLASS SESSION and they are responsible for all 

material, announcements, schedule changes, etc., discussed in class. The university policy 

regarding the attendance will be strictly adhered 

e. Any students with disabilities who need accommodations in this course are encouraged to 

speak with the instructor as soon as possible to make appropriate arrangements for these 

accommodations. 

f. Exams are scheduled as shown in the syllabus and last 90 minutes.  The exams are close 

textbook and notes.  It is your responsibility to bring a calculator, pencils and paper.  If you 

MUST miss one of these exams for an emergency situation, please let me know as soon as 

possible.  If you oversleep or skip an exam you will not have an opportunity to make it up.  If 

you have a valid (according to me) time conflict and you let me know in advance, there is the 

possibility of taking an exam at an alternate time. 

 

18. ABET Criteria : Outcomes and Assessment: Engineering programs must demonstrate that their 

graduates have 

O1 Identify, formulate, and solve complex engineering problems by applying principles of 

engineering, science, and mathematics.  

O2 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. 

O3 Communicate effectively with a range of audiences.  

O4 Recognize ethical and professional responsibilities in engineering situations and make 

informed judgments, which must consider the impact of engineering solutions in 

global, economic, environmental, and societal contexts.  

O5 Function effectively on a team whose members together provide leadership, create a 



collaborative and inclusive environment, establish goals, plan tasks, and meet 

objectives.  

O6 Develop and conduct appropriate experimentation, analyze and interpret data, and use   

engineering judgment to draw conclusions.  

O7 Acquire and apply new knowledge as needed, using appropriate learning strategies. 

 


