
CHE 201 Chemical Engineering Principles 1 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): Chem 101 Co Req(s): Course Designation: Required 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 0  General Education Cr: 0 

 

Catalog Data:  

This course familiarizes the students with basic concepts of chemical engineering by giving a brief 

account of the origin and role of Chemical Engineering. It also provides the students with the tools and 

the correct methods of performing engineering calculations and units. It also shows the students the basic 

concepts and procedures to perform material balances on single and multiple units for both non-reactive 

and reactive processes including combustion reactions. 

Textbook:  

Felder R. M., Rousseau R. W. and Bullard L. G., 2016, “Elementary Principles of Chemical Processes” 

John Wiley & Sons, 4
th
 edition, USA. 

Topics covered 

1. Origin of Chemical Engineering and role of Chemical Engineer  

2. Introduction to Engineering Calculations (Units, dimensions and basic definitions. Conversion of units. 

Dimensional homogeneity and dimensionless quantities. Mathematical tools and problem solving 

techniques).  

3. Processes and process variables (Mass, volume, temperature, pressure, flow rate, chemical composition  

4. Material balances (Application of principles of mathematics, physics and chemistry in material 

balances in single unit, multiple inputs/outputs, multiple units, recycle, bypass, purging in non-reactive 

and reactive processes, combustion reactions).  

 

Course Objectives 

1. Convert quantities from one system of units to another system quickly and accurately. 

2. Define and determine process stream variables including fluid density, flow rate, chemical 

composition (by mass fractions, mole fractions or molar concentrations), fluid pressure, and 

temperature 

3. Represent and interpret process data. 

4. Draw and label process flowcharts from verbal process descriptions. 

5. Perform material balances on single and multiple units with recycle and by-pass for nonreactive 

processes. 

6. Perform material balances on single and multiple units with recycle and by-pass for reactive 

processes. 

7. Perform combustion reaction’s calculations. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 202 Chemical Engineering Principles 2 

 

Total credits: 2 Lecture Cr: 2 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): CHE 201 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math & Basic science Cr: 0 Engineering Cr: 2 General Education Cr: 0 

Catalog Data:  

The law of conservation of energy and energy balance concepts. Systematic approaches for the solution 

of energy balances on flow sheets of chemical processes. 

Textbook:  

R. M. Felder and R. W. Rousseau, R. W., “Elementary Principles of Chemical Processes”, 3
rd

 edition, 

Wiley, 2000. ISBN: 0-471-53478-1 

 

Topics covered 

1. Energy and energy balance  

2. (Forms of energy, the first law of thermodynamics, energy balances on closed systems, energy 

balance on opens systems, table of thermodynamic data, energy balance procedures, mechanical 

energy balances). 

3. Balances on nonreactive processes  

4. (Elements of energy balance calculations, changes in pressure at constant temperature, changes in 

temperature, phase change operations, mixing and solution, psychrometric chart). 

5. Balances on reactive processes  

6. (Heats of reaction, Hess’s law, formation reactions and heats of formation, heats of combustion, 

energy balances on reactive processes, fuels and combustion). 

 

Course Objectives 

1. Able to identify, use and convert various forms of energy 

2. To use tabulated energy-related data. 

3. Able to perform energy balances on non-reactive systems. 

4. Able to use psychrometric chart 

5. Able to perform energy balances on reactive systems.  

6. Able to understand and perform energy balance calculations on combustion reactions. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 205 Chemical Engineering Thermodynamics 1 

 

Total credits: 2 Lecture Cr: 2 Lab Cr: 0  Recitation Cr: 1 

Pre Req(s): CHE 201, Chem 230 Co Req(s): Course Designation: Required 

Contribution to professional component: 

Math & Basic science Cr: 0.5 Engineering Cr: 1.5 General Education Cr: 0 

 

Catalog Data:  

This course deals mainly with the basics of thermodynamics involved in chemical engineering with 

emphasis on the first law of thermodynamics, volumetric properties of pure fluids, heat effects, the 

second law of thermodynamics. Moreover, the physical and chemical heat effects are also presented as 

well as the thermodynamic properties of fluids, the fundamental equations, Maxwell relations, residual 

properties and steam tables. 

 

Textbook:  

Smith J. M., Van Ness H. C., Abbott M. M. and Swihart M. T., 2016, “Introduction to Chemical 

Engineering Thermodynamics” 8
th
 Edition, McGraw Hill, USA. 

 

Topics covered 

1. Introduction to chemical Engineering thermodynamics: basic definitions, formulation of the first 

law for closed and open systems.  

2. Volumetric properties of pure fluids: Phase diagrams, ideal gas behavior, virial equation, cubic 

equations of state, generalized correlations  

3. Physical and chemical heat effects: heat capacities, sensible heat effect, phase change and latent 

heat of vaporization, heat effect for chemical reactions  

4. Second law of thermodynamics: Heat engine, the concept of entropy, Carnot cycle, entropy 

balance for closed and open systems  

5. Thermodynamic Properties of Fluids: Gibbs fundamental equations, Maxwell equations, Residual 

properties, generalized correlations for gases and steam tables 

 

Course Objectives 

1. Apply energy balances for closed and open systems and compute energy requirements and property 

changes for mechanically reversible processes 

2. Interpret phase diagrams for a pure substance and solve the appropriate equation of state or 

generalized correlation 

3. Compute the heat requirements for physical and chemical processes (with and without chemical 

reactions) 

4. Apply entropy balances for open systems and compute ideal work, lost work and thermodynamic 

efficiencies 

5. Define and apply the fundamental property relations, Maxwell equations and residual properties 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 206 Chemical Engineering Thermodynamics 2 

 

Total credits: 2 Lecture Cr: 2 Lab Cr: 0  Recitation Cr: 1 

Pre Req(s): CHE 205 Co Req(s): Course Designation: Required 

Contribution to professional component: 

Math & Basic science Cr: 0.5 Engineering Cr: 1.5 General Education Cr: 0 

 

Catalog Data:  

This course provides (i) the thermodynamic treatment of flow processes, (ii) an introduction to power 

production and refrigeration processes, (iii) an introduction about VLE calculations of binary and 

multicomponent mixtures, (iv) theory of solution thermodynamics and (v) chemical reaction equilibria. 

 

Textbook:  

Smith J. M., Van Ness H. C., Abbott M. M. and Swihart M. T., 2016, “Introduction to Chemical 

Engineering Thermodynamics” 8
th
 Edition, McGraw Hill, USA. 

 

Topics covered 

1. Applications of Thermodynamics to Flow Processes: Throttling process, turbines and expanders, 

compressors and pumps.  

2. Production of power from heat and refrigeration: Steam power plant, Rankin cycle and efficiency 

calculation, Carnot refrigerator, the vapor-compression cycle, coefficient of performance.  

3. Introduction to vapor-liquid equilibrium calculation: VLE qualitative description, Raoult's law, 

Henry's law, modified Raoult's law, azeotropic detection, flash calculation. 

4. Theory of solution thermodynamics: Chemical potential and phase equilibria, partial properties, 

the ideal gas mixture model, fugacity and fugacity coefficient.  

5. Chemical reaction equilibria: the reaction coordinate, the standard Gibbs energy change and the 

equilibrium constant, effect of temperature on the equilibrium constant, evaluation of equilibrium 

constant and its relation to composition.  

 

Course Objectives 

1. Apply relationship between thermodynamic quantities to flow processes (throttling, expansion and 

compression) 

2. Define and apply isentropic efficiencies for both processes that produce work and those that require 

work input. 

3. Carry out a thermodynamic analysis of steam power plants and vapor compression refrigeration 

cycles 

4. Interpret and apply Pxy, Txy, PT and yx diagrams representing VLE of binary mixtures. 

5. Carry out different types of VLE calculations using the Raoult's law and modified Raoult's law 

formulations. 

6. Define and compute the standard Gibbs energy of reactions and the equilibrium constant at arbitrary 

temperature 

7. Solve for the equilibrium composition of a mixture of gases undergoing one or more chemical 

reactions 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination  



CHE 219 Principles of Materials Engineering 

 

Total credits: 2 Lecture Cr: 2 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): Chem 101 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 3 General Education Cr: 0 

 

Catalog Data:  

- Provide students with the general concepts of Materials Science and Engineering. 

- Draw attentions to relationships between material properties and structural elements. 

- learn about materials structure and properties.  

- Study various examples of engineering applications of materials. 

- Realize new design opportunities with materials. 

 

Textbook:  

William D. Callister. “Materials Science and Engineering an introduction” John Wiley & Sons, Eighth 

ed.2011 

 

Topics covered 

1. Introduction to materials science and engineering & the Role of material engineering  

2. Atomic structure and bonding of materials& classification of materials.  

3. Crystalline structure of materials& imperfection in crystalline materials  

4. General properties of metals, ceramics, and polymers.  

5. Phase diagrams of solid materials.  

6. Materials deterioration and failure.  

 

Course Objectives 

1. Able to differentiate between different types of materials and structures quickly and accurately. 

2. Able to relate materials properties and performance to the structure. 

3. Understanding phase diagrams for solid materials and performing materials balance calculations for 

different materials systems. 

4.  Apply physics and chemistry principles to relate materials structure to their properties. 

5. Apply thermodynamic principles to study  the equilibrium between different solid phases. 

6. Teamwork: Work effectively in problem-solving teams both in and out of class. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 

  



CHE 234 Momentum Transport 

 

Total credits: 3  Lecture Cr: 3 Lab Cr: 0 Tutorials Cr:1  

Pre Req(s): CHE 201 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr:2  Engineering Cr: 1 General Education Cr:  

   

Catalog Data:  

This course deals with the study of concept of momentum and mechanical energy transport of fluids, by 

examining fluid statics and dynamics, viscosity, fluid friction, pumping, settling and flow through porous 

media. The course presents also definitions of Non-Newtonian fluids, and discusses dimensional analysis.  

 

Textbook:  

Geankoplis, G.J: Transport Processes and Unit Operations  

 

Topics covered 

1. Introduction, Fluid static: Force, pressure, Head of fluid, Devices to measures pressures. 

2. Fluid Dynamics: Viscosity of Newtonian fluids, continuity equation, Shell momentum balance, 

mechanical energy balance, Friction factor, Bernoulli’s equation, Piping design 

3. Flow around submerged bodies, flow through porous media: Laminar flow in packed beds, 

Turbulent flow in packed beds, Shape factors, Darcy’s law. Flow in fluidized beds: Minimum 

velocity and porosity of fluidization, expansion of fluidized beds. Flow metering devices: Pitot 

tube, Venturi meter, Orifice meter, Flow in open channels and weirs. 

4. Pumps and Fluid moving machinery: Pumps, Fans, Blowers, Compressors. 

5. Non Newtonian fluids: Types of Non Newtonian fluids, Friction losses in contraction, Turbulent 

flow and generalized friction factors. 

6. Dimensional analysis 

 

Course objectives 

1. Apply Newton ‘s law of forces and calculate the pressure difference across a manometer. 

2. Explain Newton‘s law of viscosity and define shear stress  

3. Understand principles of  mechanical equation to  determine the required pump power and size for 

a particular problem. 

4. Understand velocity profiles  inside a pipe and  falling film. 

5.  Perform  pipes sizing for laminar and turbulent flow problems. 

6.Understand porous media, flow through packed and fluidized beds 

  

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 
 

 

  



CHE 320 Chemical Reaction Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Tutorial Cr: 1 

Pre Req(s): CHE 206 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 3 General Education Cr: 0 

 

Catalog Data:  

Application of the chemical kinetics of homogenous reactions to the design of chemical reactors 

Textbook:  

H Scott Fogler, Elements of Chemical Reaction Engineering, 5
th
 Ed. 

 

Topics covered 

1. Mole balances, conversion and reactor sizing (6 classes) 

2. Rate laws and stoichiometry (6 classes) 

3. Isothermal reactor design: conversion & molar flow rates (9 classes) 

4. Collection and analysis of rate data (3 classes) 

5. Multiple reactions (6 classes) 

6. Reaction mechanism and catalysis (3 classes) 

7. Nonisothermal reactor design: The steady state energy balance and adiabatic PFR applications (6 

classes) 

8. Steady-state nonisothermal reactor design: Flow reactors with heat exchange (6 classes) 

 

Course Objectives 

1.  Ability to perform mole balances for homogeneous reactor systems including: batch (BR), continuous 

stirred tank (CSTR), plug flow (PFR), packed bed (PBR), semi-batch (SBR) & membrane (MR) 

reactors 

2.  Ability to determine a rate law and reaction mechanism from laboratory data. 

3.  Ability to analyze and design reactors for single and multiple, isothermal, homogenous reaction 

systems using conversion or molar flow rates. 

4.  Ability to analyze and design reactors for single and multiple, nonisothermal homogenous reaction 

systems with and without heat transfer. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 333 Unit Operations 

 

Total credits: 2  Lecture Cr: 2 Lab Cr: 0 Tutorials Cr:1  

Pre Req(s): CHE 202 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr:2  Engineering Cr: 1 General Education Cr:  

   

Catalog Data:  

This course deals mainly with the study and concept of the operations involving particulate solids: 

properties, modification, separation, settling and flow through porous media. 

 

Textbook:  

W. L. McCabe, J. C. Smith and P. Harriott, Unit Operations of Chemical Engineering, 7th ed., 

McGraw-Hill, Inc., New York, 2004. 

 

Topics covered 

1. Properties, Handling, and Mixing of Particulate Solids: Characterization of solid particles, 

properties of particulate masses, storage of solids, mixing of solids, types of mixers.  

2. Mechanical Size Reduction: Principles of comminution, size reduction equipment, 

equipment operation.  

3. Flow Past Immersed Bodies: Friction in flow through beds of solids, motion of particles 

through fluids, fluidization.  

4. Mechanical-Physical Separation I: Screening, filtration, centrifugal filters, principles of 

cake filtration, clarifying filters, liquid clarification, gas clarification, principles of 

clarification.  

5. Mechanical-Physical Separation II: Separation based on the motion of particles through 

fluids: gravity settling processes, centrifugal settling processes. (6 classes): 

 

 

Course Objectives 

1. Study the different physical separation processes based on mechanical unit operations, 

with emphasis on a physical understanding of these processes. 

2. 2. Understand Solid handling: size reduction and screen analysis. 

3. 3. Understand principles of mechanical physical separations processes such as 

filtration, screening, gravity settling, and centrifugal settling. 

4. 4. Provide the necessary tools to obtain quantitative solutions to engineering problems 

involving basic separation operations. 

5. Appreciate safety with respect to solid handling unit operations 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 334 Heat Transfer 

Total credits: 3  Lecture   Cr:2    Lab Cr: 2 Tutorials Cr:1  

Pre Req(s): CHE 202 Co Req(s): Course Designation: Required 

Contribution to professional component: 

Math and Basic science Cr:2  Engineering Cr: 1 General Education Cr:  

   

Catalog Data:  

Consideration of thermal energy transfer problems which occur in the process industry. Conduction, 

convection and radiation, heat transfer with change in phase, heat exchange equipment and their design. . 

Textbook:  

 C. J. Geankoplis, “Transport Processes and Separation Process Principles”, Prentice Hall ,2003, 4
th
 ed. 

Topics covered 

1. Introduction and mechanisms of heat transfer  

2. Steady state heat transfer by conduction.  

3. Individual coefficients of heat transfer, overall coefficients, scale resistance, mean 

temperature difference for parallel, counter-current and mixed flow arrangements. 

4. Heat Transfer correlation in convection (development by dimensional analysis) and its 

different forms for different actual situation such as heating and cooling inside tubes in 

turbulent, transition and laminar flow, heating and cooling outside tubes and tube bundles, 

heat transfer in agitate vessels.  

5. Natural convection. 

6. Radiation through non- absorbing and absorbing media.  

7. Heat transfer with phase change.  

8. Application to heat exchange equipment design. 

9. Selected topics (extended surface, temperature measurement equipment, heat pipe, compact heat 

exchangers, packed and fluidized systems). 

 

Course Objectives 

1. Understand the mechanisms of heat transfer and thermo-physical properties 

2. Apply Fourier’s Law of heat conduction in different systems (flat slab or wall, hollow cylinders and 

hollow spheres, solids in series and parallel 

3. Evaluate convective heat transfer in different flow systems (forced convection inside conduits, forced 

convection outside different geometries, and natural convection from different geometries). 

4. Apply log mean temperature difference method, and NTU-effectiveness method for different heat 

exchangers. 

5. Design common shell and tube heat exchangers. 

6. Apply Stefan-Boltzman law of heat radiation. 

7. Apply heat transfer knowledge to a selected topics. 

8. Work effectively in teams  

 

Grading  

60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 335 Mass Transfer 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr:  

Prereq(s): CHE 234 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 1 Engineering Cr: 2 General Education Cr: 0 

   

Catalog Data:  

Familiarize the students with basic concepts of mass transfer by diffusion, convection in gas liquid and 

solids. Knudsen diffusion and interface mass transfer. Separation processes involving mass transfer. 

Theory of single and multiple equilibrium contact stages and design of tray towers for absorption. 

Detailed design of packed bed absorbers. 

Textbook:  

1. Christie John Geankoplis; A. Allen Hersel; Daniel H. Lepek; Transport Processes and Separation 

Process Principles, Pearson Education, May 2018 (ISBN: 9780134181660) 

 

Topics covered 

1. Concept of mass transfer operations and its role in separation processes 

2. Molecular diffusion; general law for diffusion and convection, equimolar counter diffusion, transfer 

across stagnant layer, effect of changing area 

3. Diffusion coefficient estimation in gases and liquids with their applications 

4. Fickian diffusion in solids 

5. Convective mass transfer, general equation, mass transfer coefficient concept, dimensionless 

analysis, analogy between heat, mass and momentum transfer 

6. Mass transfer correlations for different geometries with relevant applications 

7. Multi-components gas diffusion and non-Fickian Knudsen diffusion in micro-porous solids 

8. Interface mass transfer; two resistance theory, relationship between overall and individual mass 

transfer coefficients  

9. Packed bed and tray tower absorbers 

10. Theory of single and multiple equilibrium contact stages, Design of tray towers for absorption, 

Understanding the concept about the operating line and equilibrium lines in design of absorption 

column 

11. Detailed design of packed bed absorbers, Use of equilibrium theory to compute Number of Transfer 

Units, Use of mass transfer theory to compute height of transfer units 

12. Design issues of absorber for concentrated solutions 

13. Calculation of absorber diameter and mass transfer coefficients 

 

Course Objectives 

1. Able to model the molecular mass transport in gas, liquid and solids using the Fickian approach 

2. Able to model convective mass transport for various geometries using correlations reported in 

literature  



3. Able to characterize the role of non-Fickian Knudsen diffusion in micro-porous solids 

4. Able to understand and compute relative importance of mass transport resistances in interface mass 

transfer  

5. Able to carry out a rigorous design of packed bed and tray tower absorbers 

6. Work effectively in teams  

 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 336 Process Safety 

 

Total credits: 1 Lecture Cr: 1  Recitation Cr: 1 

Pre Req(s): CHE 202, CHE 206                   Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 1 Engineering Cr: 2 General Education Cr:1 

   

Catalog Data:  

Understanding the fundamentals and applications of chemical process safety, process safety-related 

standards and regulations, toxicology, source models, toxic release and dispersion models, process 

hazard identification including HAZOP, and fires and explosions.  

 

Textbooks:  

D.A. Crowl and J.F. Louvar. Chemical Process Safety, Fundamentals with Applications, 3
rd

. Edition, 

Prentice Hall, 2011. 

 

Topics covered 

1. Introduction to chemical process safety. 

2. Process safety-related standards and regulations.  

3. Toxicology.   

4. Source models. 

5. Toxic release and dispersion models. 

6. Hazard Identification.  

7. Fires and Explosions.  

 

 

Course Objectives 

1. To identify the potential hazards associated with the processes and understand the impact of 

standards and regulations  

2. To understand toxicology, and explain how biological organisms respond to the dose of a toxicant  

3. To develop and apply suitable source models in order to estimate the amount of released materials  

4. To estimate downwind concentrations of toxic material using dispersion model and to predict 

impact/effect due to the released of materials 

5. To identify hazards using process hazards checklist, HAZOP and safety reviews methods  

6. To understand the aspects of fire and explosion and estimate 

7. the causes, effects and prevention of fire and explosions  

 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 366 Chemical Engineering Laboratory 1 

 

Total credits 2 Lecture Cr:  Lab Cr: 4 Recitation Cr:  

Pre Req(s): CHE 234, CHE333, CHE334  CHE335 Co Req(s): 

 

Course Designation: Required 

Contribution to professional component: 

Math and Basic science Cr:0 Engineering Cr: 2 General Education Cr: 0 

   

Catalog Data:  
The course will focus in developing practical experience by implementing theories taken in Unit 

operation course (CHE333), Momentum transfer course (CHE 234) Mass transfer course (CHE 333) 

and Heat transfer course (CHE 334) experimentally. The student will learn how to write technical 

report and make an oral presentation and discussion. The importance of safety in performing 

experiments will be addressed and stressed on the student to be implemented during experiments 

sessions. 

 

Textbook  

1-R.H.Perry and C.H.Chilton , “Chemical Engineers Handbook, 6
th
 edition ,McGraw Hill  

 

Topics covered 

A) Report Writing , Safety in performing experiments,  Presentation of experimental data 

B) Nine experiments selected from the following list to cover some topics taken in (CHE 333), 

(CHE234) (CHE 334) and (CHE335). 

 

Experiment 1: Filtration (plate and frame filtration at constant pressure, cake resistance and filter 

medium resistance).                                                

Experiment 2: Solid Handling (sieve analysis, characteristic diameters, crushing grinding, solid flow).                                     

Experiment 3:  Gas absorption: Measure of the concentration CO2 in water.            

Experiment 4: Flow Through Pipe and Fittings (pressure drop and friction factor).            

Experiment 5: Fluidization (fluidization characteristic curve, minimum fluidization velocity).              

Experiment 6: Double Pipe Heat Exchanger (temperature profiles for counter and co-current flow, 

overall heat transfer coefficient, efficiency of heat transfer)               

Experiment 7: Thermal Conductivity (thermal conductivity of several samples)     

Experiment 8:  Mass transfer operations; Measure of liquid diffusion 

Experiment 9: Mass transfer operations; Measure of liquid diffusion.   

                  

Course Objectives 

1. Perform necessary experiments 

2. Write and present reports 

3. Work as team 

4. Recognize safety and ethics in data collection and report writing 

 

Grading 
 100% course work  

 

 

 



CHE 406 Computational Methods 

 

Total credits: 2 Lecture Cr: 1 Lab Cr: 2 Recitation Cr: 1 

Pre Req(s): MATH 254 Co Req(s): Course Designation: Required 

   

Contribution to professional component: 

Math and Basic science Cr: 1 Engineering Cr: 1 General Education Cr: 0 

   

Catalog Data:  

Application of computational techniques for solving numerical problems that arise in chemical engineering 

problems. Using high-level programming languages such as Fortran or MATLAB. Topics include solving 

systems of linear and nonlinear algebraic equations, ordinary differential equations (initial and boundary value 

problem) and curve fitting. 

Suggested Textbooks:  

Bruce A. Finlayson “Introduction to Chemical Engineering Computing” Wiley, 2
nd

 Edition, Wiley, 2014. 

J. B. Riggs, An Introduction to Numerical Methods for Chemical Engineers, 2
nd

 Edition, Texas Tech 

University Press, 1994. 

A. Constantinides and N. Mostoufi, Numerical Methods for Chemical Engineers with Matlab Applications, 

Printice Hall, 1999. 

 

Topics covered 

1. Classification of process models and the corresponding types of resulting equations. 

2. Computational errors, conditioning and stability of algorithms. 

3. System of linear algebraic equations (Matlab implementation of methods such as LU; Jacobi and 

Gauss- Siedel methods). 

4. Curve fitting: Linear regression; Polynomial regression; Linear transformation 

5. Nonlinear algebraic equations: Bisection; Newton-Raphson; System of nonlinear equations; Roots 

of polynomials.  

6. Ordinary differential equations, Initial value problem: Taylor’s series methods; Euler and Runge-

Kutta methods; System of ordinary differential equations; Stability; Stiffness and their applications 

to solve CHE typical problems. 

7. Ordinary differential equations, Boundary value problem: Finite-difference method; shooting 

methods. 

 

Course Objectives 
 

1. Understand why computational methods are important in modern Chemical Engineering 

2. Be able to identify the appropriate problem class (nonlinear equations, ordinary differential 

equations, etc.) of a given a physical problem that is already in a mathematical form 

3. Be able to identify, within a problem class, the appropriate solution methods 

4. Be able to write algorithms and software and/or use commercial or public-domain packages for 

solving mathematical problems in Chemical Engineering 

5. Be able to check the correctness of an algorithm, a code, and of numerical results of a calculation 

6. Be able to solve systems of linear algebraic equations 

7. Be able to solve single and system of nonlinear algebraic equations 

8. Be able solve initial value problem for a single or system of ordinary differential equations 



9. Be able to solve a boundary value problem for an ordinary differential equation 

10. Be able to perform curve fitting 

11. Be able to work effectively in problem-solving teams both in and out of class 

 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 409 Separation Processes 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): CHE 335 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 3 General Education Cr: 0 

   

Catalog Data:   

Application of chemical engineering principles to multistage and differential processes involving 

separation of chemical components, equilibrium stage concept. Design applications in distillation, gas 

absorption, and liquid-liquid and solid-liquid extraction 

Textbook: 

1.  Coulson, J.M., Richardson, J.F., Backhurst, J.R and Harker, J.H. “Chemical Engineering vol.2” , 4th 

Edition, Pergamon Press, Oxford, U.K, 1991. 

 

 

Topics covered 

1. Phase Equilibrium relations and phase diagrams. Fundamentals of stage operations, the equilibrium 

stage, graphical and analytical stage determination. 

2. Application of equilibrium stage analysis to Distillation: Types of distillation: Differential, 

Equilibrium Flash Vaporization, and steam distillation. Analysis of binary distillation processes, 

McCabe-Thiele, graphical methods and stage-to-stage calculations. 

3. Introduction to multicomponent distillation. Plate-to-plate calculations and short-cut methods of 

stage determination. Efficiency of vapor-liquid contactors. Design and operating characteristics of 

plate columns. Determination of column height and diameter. Distillation tray design and dynamics. 

4. Application of equilibrium stage analysis to solvent extraction and leaching: - Liquid-liquid 

Extraction: Fields of application, modelling and analysis of single, multiple cross-current and 

multistage counter current extraction cascades. Equipment in common use. Leaching: Solid liquid 

equilibrium, design of counter current leaching equipment. 

5. Absorption as an example of a differential contact process. Gas absorption relationships. Basic 

design equation of packed columns. Characteristics of tower packing, flow of fluid through tower 

packing and phenomena associated with it such as flooding and loading etc.... Introduction to 

absorption when accompanied by chemical reactions, and multicomponent absorption. 

 

 

Course Objectives 

1. Ability to perform vapor-liquid equilibrium calculations and to solve phase equilibrium problems.  

2. Understanding the stage-wise approach and its use in multistage calculations. Awareness of the 

difference between differential and stage-wise approach. 
3. Ability to formulate and solve problems involving, differential distillation, flash vaporization.  

4. Ability to formulate and solve design problems involving binary and multi-component distillation 

with emphasis on plate columns.  

5. Application of equilibrium stage analysis to solvent extraction and leaching.  

6. Understanding the principles of plate column design, efficiency determination, plate dynamics and 
stability. 



7. Formulation and solution of design problems of differential contactors- packed columns- as applied to 
gas absorption and stripping.  

 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 412: Computer Aided Chemical Process Design 

 

Total credits: 3 Lecture Cr: 2 Lab Cr: 2  Recitation Cr: 1 

Pre Req(s): CHE 334 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3 General Education Cr: 3 

    

Catalog Data:  

Introduction to process simulators such as ASPEN PLUS, CHEMCAD, etc. Principles of process 

synthesis and design. Development of steady-state mass and heat balances and sizing for a chemical 

process with the aid of process simulators. Optimization of process flowsheet. Computer-aided analyses 

of large-scale chemical processes. 

Textbooks:  

Analysis, Synthesis, and Design of Chemical Processes, R. Turton, R. Bailie, W Whiting, J Shaeiwitz, D 

Bhattacharyya, Prentice Hall, 4
th
 Edition. 

Process Design Principles, D.Seider, J.D.Seader and D.R.Lewin, John Wiley and Sons, Inc., 3
rd

 Edition. 

 

Topics Covered: 

1. Introduction to process synthesis and chemical process diagrams. 

2. Heuristics for process synthesis. 

3. Solving chemical engineering problems using CHEMCAD. 

4. Solving chemical engineering problems using ASPEN PLUS. 

5. Optimization of process flowsheet. 

6. Case studies (simulation of large chemical plants involving kinetic reactors, train of distillations, 

recycle, purge, and non-conventional processes). 

 

 

 

 

Course Objectives 

1. Perform simulation and design while observing laws of physics and chemistry (i.e., basic sciences) 

2. Simulate the chemical process flowsheet while observing safety and environment. 

3. Develop and optimize the process flow diagram to minimize processing costs.  

4. Solve material and energy balances in reactive and nonreactive chemical processes using process 

simulators. 

5. Use process simulator such as ASPEN PLUS and CHEMCAD to perform process simulation and 

design.  

6. Wring and presenting the project 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 



CHE 413: Desalination and Water Treatment 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 3 General Education Cr: 0 

   

Catalog Data:  

Study of the scientific, technical as well as economical aspects of desalination of seawater and brackish 

water with special reference to local conditions. Recovery of minerals as by-products. Solar energy 

utilization. 

Textbook:  

E.D.Howe, Fundamentals of Water Desalination, Marcel Dekker Inc., New York, 1974. 

 

Topics covered 

1. Introduction (water problem in Saudi Arabia, water characteristics, seawater chemistry: (composition, 

salinity, alkalinity, gases dissolved), brackish water, desalination terminology). 

2. General Description of Water Treatment Processes. 

3. Scale Formation and Prevention. 

4. Water Hardness and Chemical Processes for Hardness Removal. 

5. Desalination Processes and Methods of Classifications. 

6. Thermal Desalination Processes. 

7. Membrane Processes.  

8. General Engineering Considerations.  

 

Course Objectives 

1.  Ability to identify drinking water problems.  

2.  Understand available methods for salt & hardness removal and scale prevention.  

3.  Ability to design and operate thermal desalination processes.  

4.  Ability to design and operate membrane desalination processes.  

5. Ability to distinguish the feasibility, advantage, and drawback of different water desalination methods.  

6. Ability to evaluate and analyze the economics of water desalination plants 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 415 Process Control 
Total credits: 3 Lecture Cr: 2 Lab Cr: 1 Recitation Cr: 1 

Pre Req(s): ChE 406  Co Req(s): Course Designation: Required 

Contribution to professional component:    

Math and Basic science Cr: 0 Engineering Cr: 3 General Education Cr: 0 

Catalog Data:  

Familiarize the students with basic principles of chemical process control with clear ties to applications. 

Textbook:  

Stephanopoulos, G., Chemical Process Control: An Introduction to Theory and Practice, Pearson, 2003. 

Topics covered 

1. Introduction to process control, Control objectives and benefits  

2. Process dynamics: mathematical modeling (procedure, linearization, examples), simulation and analysis 

(Laplace transform, Block diagrams, numerical methods and computer software), dynamic behavior of 

process systems (first order systems, second order systems, series structure, parallel structure, Recycle 

structure, staged process).  

3. Feedback Control: Feedback Loop (Introduction, Instrument elements, controlled and manipulated 

variables, control performance measure), Classical proportional-Integral-derivative (PID) control 

algorithm, PID tuning, Stability analysis  

4. Advanced Topics (Implementation, Cascade control, Feedforward control, Inferential control, single-

variable model predictive control)  

 

Course Objectives 

1.Develop  and  use software to solve dynamic models for simple chemical systems. 

2.Develop transfer function models  

3.Analyze the dynamics of first order, second order and high order systems. 

4.Understand the elements of process control structure, be able to identify  and  choose them, and read & 

draw (P & ID)  

5. Design and tune PID controller for  SISO systems for stability and performance. 

6. Understand techniques that enhance the performance of controlled system such as: feed-forward,  

cascade control, ratio control, override control, selective control and nonlinear controllers 

7.Recognize the role of computer software in analyzing dynamic behavior and designing control systems. 

8.Work effectively in teams  

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 420 Process Economics 

Total credits: 2 Lecture Cr: 2 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): GE 403 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 2 General Education Cr: 

Catalog Data:  

The use of chemical engineering and economic principles in the design of a complete chemical plant.  

General design considerations regarding general design considerations, selection of plant location and 

plant layout. Costing of equipment. Capital and operating cost estimation. Profitability indicators: ROI, 

PBP, NPV, and discounted cash flow return (IRR). Alternative investments and replacements. 

Application of chemical process safety, risk assessment and management, toxicology, industrial hygiene, 

dispersion models, fires and explosions, hazard and operability analysis (HAZOP), chemical engineering 

principles for risk reduction. 

Textbooks:  

M.S. Peters, K.D. Timmerhaus and R.E. West, Plant Design and Economics for Chemical Engineers, 5
th
 

Edition, McGraw – Hill, 2003. 

D.A. Crowl and J.F. Louvar. Chemical Process Safety, Fundamentals with Applications, 3
rd

. Edition, 

Prentice Hall, 2011. 

 

Topics covered 

1. Introduction to chemical engineering economics, plant location, site selection, plant layout, 

environmental considerations, and general design considerations  

2. Cost estimation analysis applied to chemical engineering processes and products  

3. Interest, time value of money, taxes, and fixed charges  

4. Profitability, alternative investments, and replacements  

5. Optimum design and design strategy based on economic profitability  

6. Practical application: computer methods for costing and project evaluation  

7. Introduction to process safety  

8. Process safety-related standards and regulations  

9. Toxicology, source models, toxic release and dispersion models  

10. Hazard Identification  

11. Fires and Explosions  

Course Objectives 

1. To understand basic economic principles regarding plant economics  

2. To understand steps in process design development  

3. Methodologies in cost estimation of capital and operating costs  

4. To evaluation chemical project profitability  

5. To construct and solve optimization problems with special emphasis on linear programming  

6. To identify the potential hazards associated with the processes and understand the impact of 

standards and regulations  

7. To understand toxicology, industrial hygiene, source models and dispersion models  

8. To identify hazards using process hazards checklist, HAZOP and safety reviews methods  

9. To understand the causes, effects and prevention of fire and explosions  

10. To describe and apply the principles of inherently safer design to reduce and eliminate hazards  
 

Grading   

60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 



CHE 422: Selected Topics in Chemical Engineering- 1 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:  Recitation Cr: 1 

Pre Req(s): CHE 335 Co Req(s): Course designation: Elective 

Contribution to professional component: 

Math and Basic science Cr:  Engineering Cr: 3 General Education Cr:  

Catalog Data:  

Study of scientific strategies for the design of a complete chemical process plant through a design 

project. The project is carried out by a group of students (3-5). The Design concerns major equipment 

used in a chemical plant (Heat exchangers, separations process units, reactors) as well as carrying out a 

complete economical study of the project, applying a hazop analysis, and implementing a control study 

in the selected process.  

Textbook:  

Ray Sinnott, Cavin Towler: Engineering design, 6
th
 edition IchemE Publisher 

Topics covered 

1 Introduction to Hazop, Environment and safety aspects in the design of chemical plants 

2 Design of multi tubular heat exchanger with and without phase change: (Mechanical- thermal design) 

3 Design of condensers and evaporators 

3 Design of distillation columns 

4 Design of reactors 

5 Economics analysis of project 

6 Control engineering 

7 Introduction to Packages programs used in Engineering design  

Course Objectives 

1. Able to apply the skills build in previous courses to understand and read process flow diagram, 

use mass and energy balance to perform design calculation and to represent and interpret process 

data. 

2. Able to apply principles of heat transfer to design optimal heat exchangers with and without 

phase change for specific duty.  

3. To be able to select and design best and appropriate separations equipment unit to perform 

required separation duty. 

4. To be able to understand, select and design appropriate reactors required in specific process . 

5. Able to carry out an economic analysis of project and determine the main indicator 

parameters.(rate of return, payback period..) 

6. Understand how to implement an Hazop analysis and carry out environment and safety issues 

7. Work effectively in problem-solving teams both in and out of class,  

8. Write and present orally reports . 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 426 Heterogeneous Reactor Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 1 Tutorial Cr: 1 

Pre Req(s): ChE 320 Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 3 General Education Cr: 0 

   

Catalog Data:  

Application of the chemical kinetics of heterogeneous reactions to the design of chemical reactors 

Textbook:  

H Scott Fogler, Essentials of Chemical Reaction Engineering, 2
th
 Ed, 2018 

 

Topics covered 

1. Catalysis and catalytic reactors  

3. Heterogeneous data analysis for reactor design  

4. Catalyst deactivation  

5. Preparation of catalyst support, preparation of catalyst, characterization of catalyst  

6. Application of the catalyst, calculation of yield, selectivity and conversion  

 

Course Objectives 

1.  Ability to design isothermal reactors for heterogeneous systems. 

2.  Ability to determine a rate law and reaction mechanism from laboratory data. 

3.  Ability to analyze a catalytic mechanism and establish rate limiting step(s). 

 

Grading 

60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 427: Pollution Prevention in Chemical Industries 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 0.5 Engineering Cr: 3 General Education Cr: 0.5 

Catalog Data:  

This course covers the pollution prevention fundamentals, waste minimization concepts, terminologies, 

life cycle impacts, management strategies, case studies drawn from the chemical process industries. The 

course introduces available remediation techniques for industrial pollution control and prevention and 

examines specific applications to industries including biological, chemical, physical, and thermal 

techniques. Pollution prevention and waste minimization techniques such as waste reduction, chemical 

substitution, production process modification, and reuse and recycling.  

 

Textbook:  

Paul L. Bishop, Pollution Prevention: Fundamentals and Practice. Edition, Waveland Pr Inc, 2004. 

Topics covered 

1. Industrial pollution prevention 

2. Environmental history, environmental laws and regulations for solid waste, water, and air 

3. Source reduction, recycling, and waste treatment 

4. Impact of industry on environment, overview of oil refining industry 

5. Pollution prevention assessments and technology 

6. Calculating waste reduction and technical feasibility 

7. Economic feasibility 

8. Pollution prevention case study problem modules 

9. Design of environmentally benign chemical process plants 

10. Industrial products and materials 

11. Hazardous waste management 

12. Life cycle assessment concept with case studies 

 

 

Objectives 

1. Identify and explain pollution prevention policies, concepts, terminology, tools, and applications  

2. Understand the laws and regulations and their requirements for pollution prevention 

3. Apply pollution prevention and waste minimization assessments and management strategies to 

chemical industries  

4. Evaluate and recommend technologies and approaches to cost-effectively eliminate waste and 

pollution and reduce energy consumption  

5. Learn the critical tools for conducting an assessment for a company  

6. Practice technical writing and presentation skills through group discussion, presentations, report 

preparation and instructor feedback  

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 



CHE 428: Production of Cementing and Building Materials 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr:  Engineering Cr: 3 General Education Cr:  

   

Catalog Data:  

Study of the process and operations involved in production of building and cementing Materials. 

Classification of cements. Bricks and Insulating materials, Glasses. Manufacture of glass. Overview for 

the usage of Polymers. Adhesives. Case study. Field trip 

Textbook:  

G C Bye, Portland Cement: Composition, Production and Properties, 1999. ISBN: 978-0-7277-2766-4 

References: 

 Cement Plant Operations Handbook Sixth Edition, 2014. ISBN: 9780952479727 

 Fay V.Tooley, The Handbook of Glass Manufacture: A Book of Reference for the Plant Executive, 

Technologist, and Engineer, 2nd Edition, Ashlee Publishing Company, ISBN-13: 978-0-911993-21-

9 

Topics covered 

o Brief overview of cements and other important building material 

 World and Kingdom production capacity of various building materials 

 Future projections of their use 

o Manufacture of cements 

 Process flow-sheets for various cements 

 Overall material and energy balance 

 Material and energy balance of key units 

 Design of two main process units 

 Plant optimization using ASPEN 

 Plant safety considerations 

 Evaluation of plant emissions using EPA guidelines 

 Cement plant visit 

o Glass manufacture 

 Raw materials used 

 Overall material and energy balance 

 Material and energy balance of key units 

 Design of two main process units 

 Plant optimization using ASPEN 

 Plant safety considerations 

 Evaluation of plant emission using EPA guidelines 

 Glass plant visit 

o Building insulating materials 

 Overview of main insulating materials and their characteristics  

 Correlation between the material chemistry and heat transfer characteristics 

o Bricks 

 Overview of production process 



 Evaluation of energy consumptions 

 Class-room discussion and term paper to minimize energy use 

o Overview of application of polymers in building materials 

 Adhesives with focus on correlation between chemistry with properties 

 Paints and its correlation between chemistry with properties 

 

 

Objectives 

1. Gain preliminary understanding of processes involved in the manufacture of building and cementing 

materials 

2. Able to analyze the process flow-sheet and carry out material and energy balances for the cement and 

the glass manufacturing processes 

3. Design of key processes units of cement and glass manufacture 

4. Learn using ASPEN to optimize operation of selected units for cement and glass production 

5. Understand the correlation between brick composition with their properties 

6. Overview of important application of polymers in building materials in paints and adhesives 

7. Understand heat transfer characteristics and relevant chemistry of various insulating materials 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 429: Energy and Chemical Industries 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr:  Engineering Cr: 3 General Education Cr:  

   

Catalog Data: 

An introduction to different form of energy, as well as principal types of energy resources (fossils and 

renewable). Energy used in chemical industries as well as in hydrocarbon industries. Energy 

conservation system in chemical industry. Environmental aspects of energy in chemical industries.  

Textbook: 

K. Sankaranarayanan, Hedzer J. van der Kooi, J de Swaan Arons: Efficiency and Sustainability in the 

Energy and Chemical Industries: Scientific Principles and Case Studies, Second Edition 

 

Topics covered 

1. Introduction to Energy ( history and development) 

2. Principal energy resources. (Fossils- renewable)  

3. Principal industries large consumer of energy. 

4. Energy conservation and integration in chemical process plants. 

5. Impact of energy on environment. 

6. Introduction to environmental regulations and legislations regarding energy and its effect on 

environment. 

 

Course Objectives 

1. Understanding the importance development and importance of energy. 

2. Able to understand and classify the different types and resources of energy. 

3. To learn how to estimate the consumption of energy by chemical industries. 

4. Apply principles of energy integration in chemical plants. 

1. Awareness of the environmental regulations related to energy used by chemical industries. 

6. Ability to work effectively in problem solving teams in and out of the class room.  

 

Grading 

60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 

  



CHE 430 Corrosion Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 1 Engineering Cr: 2 General Education Cr: 0 

Catalog Data:  

Essential elements of electrochemical corrosion. Forms of corrosion including pitting corrosion, crevice 

corrosion, inter-granular corrosion and environmentally assisted cracking such as stress corrosion 

cracking and corrosion fatigue. Engineering aspects of corrosion testing and prevention.  

Textbook:  

Denny A. Jones, “Principles and Prevention of Corrosion”, Pearson Education, 2017. 

Topics covered 

1. Electrochemical nature of aqueous corrosion.  

2. Forms of corrosion.  

3. Electrochemical Thermodynamics and electrode potential. 

4. Electrochemical Kinetics of corrosion.  

5. Passivity.  

6. Polarization methods to measure corrosion rate. 

7.  Corrosion prevention.  

8. Materials selection and design. 

 

Course Objectives 

1. Provide fundamental understanding of key elements of electrochemistry relevant to corrosion.  

2. Provide fundamental understanding of electrochemical thermodynamics in corrosion engineering.  

3. Provide fundamental understanding of electrochemical kinetics in corrosion engineering. 

4. Provide methodologies to monitor and to measure the rates of corrosion.  

5. Ability to identify wide range of corrosive environments.  

6. Provide understanding for material selection and design. 

7. Ability to identify various practices for the prevention and control of corrosion.  

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 



CHE 433: Electrochemical Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:0  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr:  Engineering Cr: 3 General Education Cr:  

   

Catalog Data:  

Electrochemical phenomena and processes are covered from an engineering perspective. Applications of 

electrochemistry in the fields of fuel cells, batteries, electrolytic processes and electrochemical corrosion. 

Extraction, refining and production of metal. Metal finishing and processing.  

Textbook:  

D. Pletcher and F.C. Walsh, ”Industrial Electrochemistry”, 2
nd

 Edition, Springer Netherlands, 1993 

 

Topics covered 

1. Introduction and overview of electrode processes.  

2. Potential and thermodynamics of cells.  

3. Kinetics of electrode reactions.  

4. Extraction, refining and production of metal. 

5. Metal finishing.  

6. Corrosion and its control.  

7. Batteries and fuel cells.  

   
 

Course Objectives 

1. Provide fundamental understanding of thermodynamics related to electrochemical processes.  

2. Provide fundamental understanding of electrode kinetics related to electrochemical processes.  

3. Provide fundamental understanding of interfacial phenomena and transport processes as applied to 

electrochemical system.  

4. Ability to relate electrochemical principle to fuel cells and batteries.  

5. Ability to relate electrochemical principle to corrosion and its control.  

6. Ability to relate electrochemical principle to extraction, refining and production of metal.  

7. Ability to relate electrochemical principle to Metal finishing.  

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 434: Extractive Metallurgy & Metals Recycling 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr:  Engineering Cr: 3 General Education Cr:  

   

Catalog Data:  

Various processes for production of various metals. Fundamental principles of metal extraction. Various 

metallurgical unit processes (roasting, reduction, smelting, and electrolysis). Extraction methods (Pyro-

metallurgy, Hydrometallurgy and Electrometallurgy). 

Textbook:  

Terkel Rosenqvist, “Principles of Extractive Metallurgy”,2
nd

 Edition, Tapir Academic Press, 2004. 

 

Topics covered 

1. Introduction (Ores, Flow sheets, chemical equilibrium, material and energy balances)  

2. Mineral Dressing.  

3. Fluxes, slag, refractories and electrodes. 

4. Pyro-metallurgy. 

5. Hydrometallurgy.  

6. Electrometallurgy.  

7. Applications of Extraction (Aluminum, copper, iron, gold).  

 

Objectives 

1. Provide fundamental understanding of thermodynamics related to extraction of metals.  

2. Provide fundamental understanding of reaction kinetics related to extraction of metals.  

3. Provide fundamental understanding of Phase separation processes related to extraction of metals.  

4. Ability to identify various metallurgical unit processes. 

5. Ability to understand principle of pyro-metallurgy. 

6. Ability to understand principle of Hydrometallurgy.  

7. Ability to understand principle of Electrometallurgy. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 438 Water Chemistry and Chemical Analysis of Water 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 0  General Education Cr: 0 

 

Catalog Data:  

Basic concepts of water properties and chemistry needed for water and desalination processes. Basic 

Principles:, Major aquatic chemical processes, Analytical data required for desalination applications, 

Principles of disinfection, Oxidation – reduction reactions in water 

Textbook:  

Patrick Brezonik and William Arnold, "Water Chemistry: An Introduction to the Chemistry of Natural 

and Engineered Aquatic Systems", Oxford University Press,New York, 2011 

 

Topics covered 

1. Introduction: Fundamental of Chemical Principles  

(Aqueous solutions, properties of water, concentration and unit conversions, charge-balance).  

Chemical Equilibrium 

(Gibbs free energy, calculation of equilibrium constant, K, calculation of equilibrium concentrations, 

effect of temperature on K, solubility product, Ionic strength, ion activity product saturation index, 

activity-concentration relationships).  

2. Chemical Equilibrium- pc-pH  

(Algebraic solution to chemical equilibrium, graphical methods for solving equilibrium problems, 

use of software for solving chemical equilibrium). 

3.  Acid-Base Chemistry  

(Introduction, equilibrium calculation (computational approach), Mass balances Equilibrium 

relationships, proton condition, charge balance, strong acid and strong base, weak acid and weak 

base). 

4.  Principles of Disinfection  

5. Redox Reactions and Processes  

 

Course Objectives 

1- Able to recognize basic chemistry related to water treatment and desalination 

2- Able to perform basic chemistry correlations related to water 

3- Able to define and determine properties of water 

4- Able to perform the necessary calculations for water chemistry . 

5- Able to relate basic water chemistry with chemical engineering . 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 440: Introduction to Biochemical Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 2 Engineering Cr: 3 General Education Cr: 1 

   

Catalog Data:  

This course mainly emphasizes quantitative aspects of biology and the application of chemical 

engineering principles and approaches to biologically-based systems and processes for the 

undergraduate students who major in chemical engineering with no background knowledge in biology. 

This course deals with principles of biochemical engineering such as enzyme and fermentation kinetics, 

engineering aspects of bioreactor analysis and design, and downstream processing. Furthermore, recent 

trends and topics in biotechnology will be introduced using reading assignments.   

Textbook:  

Shuler, M.L. and Kargi, F. (2002). Bioprocess Engineering: Basic Concepts (2
nd

 ed.). Upper Saddle 

River, NJ: Prentice Hall. 

 

Topics covered 

1. Biological basics and quantitative aspects for chemical engineers  

2. Enzyme kinetics and immobilization, cell kinetics, and their engineering applications 

3. Biological central dogma, major metabolic pathways, and quantitative regulations  

4. Overview of genetic engineering  

5. Design, operation, and sterilization of bioreactors (upstream bioprocessing)  

6. Product recovery and purification (downstream bioprocessing) 

7. Recent trends and topics in biotechnology . 

 

Objectives 

1. Introduction of biotechnology and bioprocess engineering and an overview of biological basics 

including microbial diversity, cellular biomolecules, and nutrients 

2. Enzymes: an overview of biological catalyst, enzyme kinetics, immobilized enzyme systems, large-

scale production of enzymes, and medical and industrial utilization of enzymes 

3. Biological central dogma: DNA replication, RNA transcription, and protein expression; Major 

metabolic pathways: catabolic and anabolic pathways 

4. Quantitative aspects of cellular growth: batch growth, growth kinetics, and growth in continuous 

culture 

5. Overview of genetic engineering 

6. Operation of bioreactors; sterilization, design, and operation of bioreactors; product recovery and 

purification 

7. Recent trends and topics in biotechnology using recent references 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 441 Petroleum Refining Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Tutorial Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s):  Course Designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 2 Engineering Cr: 3 General Education Cr: 1 

   

Catalog Data: Characterization and evaluation of crude petroleum. Application of chemical engineering 

to the oil industry. Refining techniques, physical separation, chemical conversion and treating processes. 

Design and costing of refinery equipment. Product testing and specifications. Environmental issues 

Textbook(s):  
1. Gary, J.H. and Handwerk, G.E., “Petroleum Refining Technology and Economics” , 4

th
 edition, 

Marcel Dekker Inc, New York, 2001.  

2. Nelson, W.L.”Petroleum Refining Engineering”, 4th Edition, McGraw Hill , New York, 1980 

 

Topics covered 

1. Introduction to history and development of refining. The operations and size of the petroleum and 

petroleum refining industry and its economic importance. 

2. Refinery feed stocks, crude oil evaluation, and characterization, chemical composition of petroleum. 

3. Types of refineries and basic refinery modules. Overall refinery flow. Factors affecting choice of a 

refinery type.  

4. Principle operations in the refinery. Physical separation processes. Conversion processes. Treating and 

finishing processes. 

5. Products: Types and specifications. Product blending.  

6. Introduction to environmental regulations and legislations and their effects on refining operations 

 

Objectives 

1. Understanding the importance of crude oil as a source fuel and petrochemicals and the size of the 

refining industry 

2. Knowledge of the physical and chemical nature of crude oil and crude oil characterization techniques 

3. Understanding operations in modern fully integrated refineries and ability to choose a refining route 

for a crude type and product demand 

4. Application of chemical engineering principles (heat, mass, fluid, reactor design…etc ) to analysis of 

major refinery units, columns (furnaces, reformers, crackers. .etc ) 

5. Awareness of the environmental regulations and product specifications and their effects on the 

refining industry as a whole and on individual refinery configuration 

6. Ability to work effectively in problem solving teams in and out of the class room 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 

 



CHE 442:  Petrochemical Industries 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

The course provides the students with the techniques and economics of the production of basic and 

intermediate petrochemicals as well as some products with special reference to conditions prevailing in 

Saudi Arabia. 

Textbook:  

Uttam Ray Chaudhuri, “Fundamentals of Petroleum and Petrochemical Engineering (Chemical 

Industries)”, CRC series (December 31, 2010). 

Topics covered 

5. Introduction to the petrochemical industry in the Kingdom 

6. Techniques employed in the petrochemical industry for production of basic and intermediate products.  

7. Real examples and analysis of petrochemical industries  

8. Economic analysis.  

 

Course Objectives 

1. Apply  engineering principles to solve problems in   petrochemical industry. 

  2.Design a petrochemical process while observing the realistic constraints. 

  3.Use simulation techniques and skills to solve petrochemical problems. 

  4.Use of Aspen plus and Chemcad. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 443: Natural Gas Processing 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:  Recitation Cr:  

    

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr:  Engineering Cr: 3 General Education Cr:  

   

Catalog Data:  

This course deals mainly with the study of concept of gas processing, the principal types of natural gas, 

its applications both as feedstock in petrochemicals industries and as an energy sources.. The course also 

discusses the main low temperatures process such as liquefaction cycles, and separations process related 

to natural gas. It also introduces recent advanced technology related to LNG, storage and transport 

equipment 

 

Textbooks: 

1A.J.Kidnap, W.Parish, D.Mc Carty: Fundamental of Natural Gas, 2
nd

 edition. 

 

Topics covered 

1. Natural Gas background (History- Development- Properties) 

2.  Types of natural gas (Resources, Rich gas, lean gas) 

3. Principal uses of natural gas (Natural gas industry-Petrochemicals- Energy- calorific values) 

4. Transport –storage and distribution of natural gas 

5. Principles of low temperature processes: relative volatility, boiling points, component mixtures. 

6. Purification of natural gas - Low temperatures distillation (single column-double column): McCaBe 

Thiele method, Ponchon-Savarit method  

7. Principles of liquefaction natural gas cycles (classical cycles and recent advanced cycles),Partial and 

total condensation principles.:  

8.  Swing adsorption used in natural gas processing: Definition, principles and applications 

9.  Membrane separation applied to natural gas purification: Description, theories and applications.  

10. Natural gas upgrading: Description and design.  

 

Course Objectives 

1. Able to understand and classify the different types of resources of natural gas and its applications 

2. Able to select and design appropriate transport and storage equipment for natural gas. 

3.  Learn the low temperatures processes such as liquefaction cycles and separation processes. 

4. Apply principles of low temperature distillation columns to purify natural gas. 

5. Introduce recent advanced technology related to LNG 

6. Learn the low temperature storage methods (cryostat, LNG carriers). 
 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 



CHE 445: Biological Wastewater treatment 

 

Total credits: 3 Lecture Cr: 3 Lab Cr:  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 2 Engineering Cr: 3 General Education Cr:  

   

Catalog Data:  

Introduce the students to fundamentals of biochemical operations in wastewater treatment, stoichiometry 

and kinetics of biochemical operations, applications to analysis and design of suspended growth reactors 

and attached growth reactors. 

Textbook:  

Metcalf and Eddy, "Waste water Engineering Treatment & Reuse" 4th ed, International Edition 2004, 

McGraw-Hill, ISBN: 007-124140-X 

 

Topics covered 

1. Introduction to the Course  

2. Overview wastewater components and microbes  

3. Overview of biological wastewater treatment, objectives of the treatment, role of Microorganisms, 

Types of biological processes for wastewater treatment, Municipal wastewater treatment, Unit 

operations of Pre and primary treatment  

4. Measurement of wastewater constituents and parameters of biological processes such as T, Micro-

organisms, O2, BOD, COD &TOC  

5. Microbial Growth Kinetics terminology, rate of biomass growth, rate of oxygen, effects of 

temperature, total volatile suspended solids and active biomass, biomass yield. 

6. Aerobic biological oxidation, activated sludge, principles of aeration, factors affecting oxygen 

transfer, Applications rotating biological contactors  

7. Anaerobic Sludge Digestion  

 

Objectives 

1. Understand concepts from microbiology and biochemistry that are essential to understanding 

microbial growth in engineered reactors. 

2. Learn the physical/chemical/biological characteristics of and the evaluation technique for sewage.  

3. Learn the theory, engineering application, and design technique for the wastewater treatment, unit 

process.  

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 446: Environmental Biotechnology 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0  Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course designation: Elective 

 

Contribution to professional component: 

Math and Basic science Cr: 2 Engineering Cr: 3 General Education Cr: 1 

   

Catalog Data:  

This course provides the undergraduate student with the fundamental background knowledge in the area 

of environmental biotechnology. Student should be able to understand the role of microorganisms in 

processes such as biofilm formation, bio corrosion, mineral leaching, composting, bioremediation, and 

production of a fine chemical from a renewable resource and to understand how to manipulate 

environmental conditions to enhance or retard microbiological processes. 

Textbook:  

Rittmann, B.E. and McCarty, P.L. (2000). Environmental Biotechnology: Principles and Applications 

(1
st
 ed.). New York, NY: Mc GrawHill. 

. 

 

Topics covered 

1. Basic concepts of environmental biotechnology and its quantitative tools ranging from bacterial 

energetics, microbial growth and substrate removal kinetics to bioreactors   

2. Applications such as activated sludge process, lagoons, aerobic biofilm process, nitrification, 

denitrification, phosphorous removal, drinking water treatment, anaerobic treatment by 

methanogenesis, detoxification of hazardous chemicals, and bioremediation  

 

Objectives 

1. Taxonomy, metabolism, genetics, and ecology of micro-organisms 

2. Stoichiometry and energetics of microbial reactions 

3. Quantitative tools for kinetics of microbial growth and substrate removal, which is able to determine 

the reliability and cost-effectiveness of processes 

4. Principles of mass balance to apply stoichiometry and kinetics to the range of reactors in practice 

5. Bioremediation of soil, air, and water environments 

6. Biodegradation of hazardous chemicals 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 

  



CHE 447: Fundamentals of Polymer Sciences and Engineering 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr  Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 2 Engineering Cr: 3  General Education Cr:  

 

Catalog Data:  

This course familiarizes the students with the polymer classifications and properties.  To familiarize the 

students with basic concepts and procedures to perform polymer processing.   Understanding the 

concepts of viscoelasticity, solubility and rubber elasticity.  Establishing polymerization reaction 

mechanism, kinetics, reaction rates and polymer reactors. 

Textbook:  

Rosen, S.L. Fundamental Principles of Polymeric Materials. Wiley, 1993, 2/e. 

Topics covered 

1. Basics of polymers  

2. Classification of Polymers and basic synthesis  

3. Polymer Properties (Thermal, Chemical, Mechanical, physical)  

4. Structures: crystallinity, molecular weight and their effects.  

5. Polymer Rheology including additives  

6. Polymerization reactions (Free Radical Step Growth, Functionality, Reactivity)  

7. Introduction to Polymerization Reactors  

8. Polymer Processing (Extrusion and  Injection)  

 

Course Objectives 

1. Know how polymers are made. 

2. Know basic processing for polymers. 

3. Understand effects of molecular weight on mechanical properties and processability of polymers. 

4. Understand the relationship between crystalline structures and physical and mechanical properties of 

polymers 

5. Know different applications of polymer materials 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 448: Fundamentals of Mineral Processing 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

Catalog Data:  

Provides the student with a basic understanding of mineral processing industry. The mining component 

of the course will introduce the mineral processing methods and the economic evaluation of mineral 

properties. The mineral processing component will introduce mineral separation processes including 

gravity, electrostatic and flotation separation. 

Textbook:  

B.A. Wills, 1988. Mineral Processing Technology, Pergamon Books Inc., Elmsford, NY. (Latest edition). 

Topics covered 

1. Mining Related: 

Introduction to the Course and the Mining Industry  

Sustainability in Mining  

Ore Deposit  

Mining Method Selection 

Extractive Metallurgy  

Equipment Selection 

2. Mineral Processing Related: 

Introduction to Mineral Processing  

Introduction to Process Mineralogy   

Liberation and Comminution   

Classification   

Physical Separation and Concentration Techniques   

Solid-Liquid Separation   

Materials Handling 

Course Objectives 

1. Apply basic engineering principles to the design of minerals processes 

2. Produce conceptual designs for simple extraction processes. 

3. Understand the global and societal impacts of mining and mineral processing industry. 

4. Gain knowledge of contemporary issues on mining and mineral processing. 

5. Understand the basic types of mineral deposits 

6. Gain the fundamentals of mineral processing 

7. Select techniques for liberation and comminution, grinding and classification 

8. Use separation techniques to achieve mineral products with quality 

9. Familiar with several industrial mineral processing operations 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  



CHE 449: Membrane Separations 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

Overview of separation processes based on the application of membranes; Definition and explanation of 

terms related to membrane separation ; Mass transport in membranes and their modelling; Membrane 

materials, membrane modules, membrane flow patterns, membrane cascades; External mass-transfer 

resistances; Dialysis and electro-dialysis, Reverse osmosis, Gas permeation, Ultra-filtration, 

Microfiltration, Pervaporation. 

Textbook:  

Separation Process Principles with Applications using Process Simulators 3rd Edition by J. D. Seader 

(Author), Ernest J. Henley (Author), D. Keith Roper (Author) 

Topics covered 

1. Overview of membrane based separation processes  

2. Membrane materials; membrane modules; membrane flow patterns; membrane cascades 

3. Mass transport in membranes and external mass-transfer resistances  

4. Dialysis and electro-dialysis  

5. Reverse osmosis  

6. Gas permeation 

7. Ultrafiltration  

8. Microfiltration  

9. Pervaporation  

 

Course Objectives 

1. Understand membrane based separation process; basic concepts, materials; module types, flow 

patterns, cascade. 

2. Understand mass transport aspects of membranes. 

3. Design of separation units based on dialysis and electro-dialysis, reverse osmosis, gas permeation, 

ultra-filtration, microfiltration, and pervaporation. 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 

 



CHE 450: Renewable Energy 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

To familiarize the students with concept and different sources of renewable energy, their need and 

benefit and application. Estimation of the energy produced from each source of Energy renewable and 

classical. 

Textbook:  

Hodge B. K. “Alternative Energy System and Application” John Wiley & Sons 

Topics covered 

1. Definition of renewable energy, energy units and its need  

2. Brief presentation of the different source of Energy that have been used until now and energy 

calculation from classical fuel  

3. Existing and future role of renewable energy source  

4. Solar energy, wind energy, Hydrogen energy, Biomass  

5. Other (geothermal, wave, Hydro)  

6. Impact of using these renewable energy sources on environment  

 

Course Objectives 

1. Overview of different available energy resources and its classification and their contribution to existing 

energy need world wide  

2. Introducing concept of renewable energy and their need and their classification and benefit in substituting 

and or replacing traditional energy ( solar, wind , Hydrogen, Geothermal, Wave and Tidal and 

Hydropower) 

3. Estimation of Energy produced from each of renewable source mention in part 2 

4. Effect of renewable energy on environment  

5. Study of contemporary issues in the area 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 451:   Risk Assessment and Hazard Control 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

The course covers various topics regarding risk assessment in chemical industries. Introduction to the 

concepts of hazard, risk, and risk assessment. Risk Assessment Methodologies. Hazard Identification and 

Control. Hazard and Operability Method (HAZOP). Implementing Process Hazard Analysis (PHAs) in 

design. Lessons Learned from Accidents. 

Textbook:  

N. J. Bahr, System Safety Engineering and Risk Assessment – A Practical Approach, Second Edition by, 

CRC Press, 2014 

Topics covered 

1. Introduction to the concepts of hazard, risk, and risk assessment  

2. Government regulations and safety oversight 

3. Risk assessment methodologies 

4. Hazard identification and control  

5. Process safety analysis  

6. Implementing PHAs in design 

7. Hazard and risk evaluation  

8. Accident reporting, investigation, documentation, and communication 

9. Review of industry accidents  

10. Lessons learned from accidents  

11. Student presentations of term project reports–case studies, design problems, quantitative 

methods, etc.  

 

Course Objectives 

1. Understand risk assessment and hazard analysis techniques and apply them to system safety 

engineering 

2. Design a safe process, to determine how safe a process or operation is, and to ensure that a system is 

safe for all people, environment and equipment 

3. Understand the laws and regulations and their requirements protecting people and the environment 

4. Apply the technical methods to identify risk and analyze hazards, the common mistakes made in 

applying those methods, and the pragmatic ways to decide when and where to apply a given method 

5. Have technical and practical knowledge to develop controls, and methods to either eliminate the 

hazards or mitigates their consequences 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 452: Food Processing Technologies 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

Food processing, an integral part of chemical engineering, is a vital industrial sector which includes a 

variety of chemical engineering unit operations. Indeed, from raw materials to the final products and 

byproducts food systems may be subjected to many operations such as cutting, washing, fluidization, 

mass transfer extractive operations, thermal/cold treatment, pressing, drying, etc. Understanding the 

relationship ‘‘food material-technology’’ is central for a successful implementation of any food 

processing operation. To do so from processing engineering perspectives, knowledge of food properties 

and the influence of food constituents on these properties should be insured. 

Textbook:  

P. Fellows. Food Processing Technology: Principles And Practice, 2
nd

 Edition 

Topics covered 

I- Introduction to and context of Food Process Technologies  

II- Elements of food structure and composition  

III- Introduction to food processing techniques and operations : 

1. Heat Processing  

2. Evaporation 

3. Drying  

4. Chilling & Freezing  

5. Irradiation  

6. Solid-Liquid Operations  

7. Mechanical operations  

8. Chemical Additives  

IV- Emerging Food Processing Food Technologies  

 

Course Objectives 

1. Develop sufficient understanding of the food processing technologies and learn underlying concepts 

of classical and emerging food processing techniques as in preservation, extraction, etc. 

2. Be able to apply CHE principles to solve specified problems dealing with food processing. 

3. Perform a survey of a selected food processing operation with a special attention to the state of the 

art in research and its successful industrial application (make use of bibliography data bases 

available). 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 



CHE 453: Composite Science & Engineering 

Prepared by: Dr. Fahad Al-Mubaddel/Dr. M.B Al-hazza 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 0 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

Production/fabrication processes of composite materials; The Concept of Reinforcement; Definition and 

importance of Matrix. 

Textbook:  

Composite Materials: Science and Engineering (Materials Research and Engineering) 2012  by Krishan 

K. Chawla. 

Topics covered 

1. Introduction and classes of materials/Physical and Chemical properties  

2. Production/fabrication processes   

3. The Concept of Reinforcement 

4. Polymer/Metal/Ceramic Matrix 

5. Interfaces 

6. Wettability and bonding 

7. Mechanical, Chemical and Physical bonding 

8. Tests and Measurements of Interfacial bonding strength 

9. Surface roughness and Crystallography 

10. Polymer Matrix/Metal Matrix/Ceramic Matric/Carbon Fiber/Carbon Matrix Composites  

11. Non Conventional Composites:   Nano & Bio Composites/Self Healing/Self Reinforced 

12. Fatigue and creep 

13. Designing with composites 

14. Description of production processes.  

15. Properties of composite material  

16. Applications of these materials in different sectors 

17. Environmental/durability/Economic issues 

 

Course Objectives 

1. Understand the production/fabrication processes of composite materials 

2. Understand the concept of reinforcement 

3. Designing with composites 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

  

https://www.amazon.co.uk/Krishan-K.-Chawla/e/B001IYZIXQ/ref=dp_byline_cont_book_1
https://www.amazon.co.uk/Krishan-K.-Chawla/e/B001IYZIXQ/ref=dp_byline_cont_book_1


CHE 454: Process Energy Optimization 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

Principles of process heat integration. Fundamentals of pinch analysis. Introduction to Aspen Energy 

Analyzer. Energy optimization of chemical process. Preliminary Heat exchanger network. Optimum heat 

exchanger network. 

Textbook:  

Linnhoff, B., et al., User Guide on Process Integration for the Efficient Use of Energy 

Topics covered 

1. Introduction to process heat integration  

2. Pinch Analysis fundamentals  

3. Heat Exchanger Network Design for Maximum Energy Recovery  

4. Optimization of Heat Exchanger Network Design  

5. Training in the efficient use of Aspen Energy Analyzer  

6. Case studies for heat integration using Aspen Energy Analyzer  

 

Course Objectives 

1. Perform process heat integration while observing laws of physics and chemistry (i.e., basic sciences) 

2. Perform process heat integration while observing safety and environment 

3. Perform energy optimization of a chemical plant to minimize processing costs 

4. Apply Pinch Analysis using Aspen Energy Analyzer 

5. Use Aspen Energy Analyzer to perform process heat integration 

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

  



CHE 466: Chemical Engineering Laboratory (2) 

 

Total credits: 2 Lecture Cr: 0 Lab Cr: 4 Recitation Cr: 0 

Pre Req(s): CHE 426 Co Req(s): Course Designation: Required 

Contribution to professional component: 

Math and Basic science Cr: 3 Engineering Cr: 3  General Education Cr: 0 

 

Catalog Data:  

Experiments will focus on 

 Separation processes: distillation and L-L extraction 

 Reaction Engineering: Batch, CSTR and PFR 

 Control: stability tests and control. 

Textbook:  

 

Topics covered 

1. Separation Processes Experiments  

2. Reaction Engineering Experiments  

3. Process Control Experiments 

4. Materials Experiments  

 

Course Objectives 

1. Perform necessary experiments 

2. Write and present reports 

3. Work as team 

4. Recognize safety and ethics in data collection and report writing 

  

Grading 

100% course work 

 

 

  

  



 

CHE 467: Process Integration 

 

Total credits: 3 Lecture Cr: 3 Lab Cr: 0 Recitation Cr: 1 

Pre Req(s): 120 Cr hrs Co Req(s): Course Designation: Elective 

Contribution to professional component: 

Math and Basic science Cr: 1 Engineering Cr: 2  General Education Cr: 0 

 

Catalog Data:  

The course presents systematic and state-of-the-art techniques for understanding the global insights of 

mass and energy flows within a chemical process (plant) and how these integrated insights can be used to 

optimize process performance. A variety of mathematical and visualization tools are presented. The 

course investigates the recent advances in chemical process integration and synthesis. In particular, 

emphasis is given to fundamental integration and synthesis methodologies along with their applications 

to the process industries. 

Textbook:  

El-Halwagi, M. M., "Sustainable Design Through Process Integration", Elsevier, 2011 

Topics covered 

1. Overview of process integration, synthesis, simulation and optimization and Formulation and 

solution of optimization problems. 

2. Targeting for mass integration via graphical techniques. 

3. Targeting for mass integration via algebraic techniques. 

4. Synthesis of mass exchange networks: graphical and algebraic approaches 

5. Synthesis of mass exchange networks: an optimization approach 

6. Optimization-based mass-integration techniques.                                   

7. Synthesis of heat-exchange networks.                                                                           

8. Synthesis of reactive mass exchange networks. 

 

Course Objectives 

1. Introduction of fundamdentals of process integration 

2. Synthesis of heat integration networks  

3. Synthesis of mass integration networks  

 

Grading 

 60% course work including homeworks, quizzes, assignments, projects, and mid-terms tests and 40% 

final examination 

 

 

 

 

http://www.amazon.com/gp/product/0123705320/sr=8-1/qid=1139970492/ref=pd_bbs_1/104-6242988-3155161?%5Fencoding=UTF8%22


CHE 496: Graduation Project - 1 

 

Total credits: 2 Lecture Cr: 0 Lab Cr:  Recitation Cr: 0 

Pre Req(s):  Co Req(s): Course Designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 2 General Education Cr: 0 

   

Catalog Data:  

This is the first part of the capstone design project. Students are presented with a problem statement and 

they are required to carry out a major design experience based on the knowledge and skills acquired in 

earlier course work and incorporating appropriate engineering standards and multiple realistic 

constraints.  

 

Textbook:  

Any books, journal’s articles, software packages needed to accomplish the mission. 

Topic covered 

Students are required in this part of the capstone design project to:  (1) perform a literature survey on 

properties, applications of the desired product (2) the current and future production trends of the desired 

product, the producing countries, current and anticipated prices of product and raw materials.  (3) 

comparison between different production processes and selection of the desired one, (4) selection and 

description of a practical flow sheet, (5) mass and energy balances of the process, (6) identification of 

material and chemical hazards, (7) HAZOP study, (8) an environmental study showing flow sheet 

emissions, allowable emissions levels according to local environmental regulations, (9) site selection and  

plant output, (10) compilation of a report. 

 
 

Course Objectives 

1. Select the process 

2. Perform material and energy balances 

3. Identify  hazards and carry out HAZOP and environmental analysis  

4. Work effectively in teams 

5. Write reports and make oral presentation 

 

Grading 

 60% Examination Committee and 40% Supervisor 

 

 

 



CHE 497: Graduation Project - 2 

     

Total credits: 2 Lecture Cr: 0 Lab Cr:  Recitation Cr: 0 

Pre Req(s):  Co Req(s): Course designation: Required 

 

Contribution to professional component: 

Math and Basic science Cr: 0 Engineering Cr: 2 General Education Cr: 0 

   

Catalog Data:  

Continuation of CHE 496. 

Textbook:  

Any books, journal’s articles, software packages needed to accomplish the mission. 

Topics covered 

In this second part of the capstone design project, students are required to perform the following tasks: 

(1) detailed design of process units, (2) economic evaluation of the project, (3) control loops.  (4) 

Sensitivity analysis of the process, (5) heat and/or mass integration (6) compilation of a report containing 

both parts of the project.  

 

Course Objectives 

1. Design and sizing of major equipment. 

2. Perform economic analysis of the plant   

3. Work effectively in teams 

4. Write reports and make oral presentation 

 

 

Grading 

 60% Examination Committee and 40% Supervisor 

 


