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COURSE SYLLABUS:  CHEE 461 ELECTROCHEMICAL ENGINEERING (W 3-0-0.5  3.5) 

PERSONNEL 
 
Instructor Dominik P.J. Barz   TA  Alec Jameson 
Office:  Dupuis 213 
Email: dominik.barz@queensu.ca 
 

Office: DUP 239 
Email: 11ajj4@queensu.ca 
 
 

  
  
  

CALENDAR DESCRIPTION 
This engineering science course covers aspects of technological applications of electrochemistry. It can 

be considered as overlap between electrical engineering, electrochemistry and chemical engineering. 

The course addresses the following 6 major topics of electrochemical engineering: 1) Introduction to 

Electrochemical Engineering: Electrostatics, Electrodynamics, Electrical Circuit Theory, Faradays Law; 2) 

Elements of Electrochemical Systems I Electrolyte: Transport processes, electrolyte conductivity, pH and 

buffer solutions; 3) Elements of Electrochemical Systems II Electrodes: Electrochemical 

Thermodynamics, Nernst Equation, Reference Electrodes, Cell Potential (Electromotive Force), Electrode 

Kinetics 4) Electrical Double Layers: Theory & Models, Electrokinetic Phenomena; 5) Electrochemical 

Energy Engineering: Batteries, Fuel Cells, Electrical & Electrochemical Capacitors; 6) Industrial 

Electrochemical Processes: Fundamentals, Reactor Design & Parameter, Chlor-Alkali Process, 

Electrochemical Extraction of Metals, Hall Heroult Process. (0/0/0/30/12) 

PREREQUISITES:  CHEE 210, CHEE 321, or permission of the department. 

OBJECTIVES AND OUTCOMES 
The objective of this course is to acquire fundamental knowledge of electrochemistry/electrochemical 

engineering including electrokinetic phenomena. The knowledge is applied to understand general 

methodologies for analysis and design of electrochemical systems.  

 

After successfully completing this course you should be able to:   

1. Define and explain the concepts of Electrical Potential, Electrical Field, Electrostatic Work, Voltage, 

Current, Electrochemical Potential, Activation Energy, Electrode & Electrochemical Equilibrium. 

2. Formulate and calculate relevant transport phenomena such as migration and the characteristics of 

(diluted) electrolytes. Relate the conversion of matter to the transport of electrical charge.  

3. Evaluate the potential of electrochemical systems based on thermodynamic data and the concept of 

half-cells. Applying electrical circuit elements to model electrochemical systems in order to calculate 

energy balances and to estimate efficiencies. 
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4. Apply knowledge of electrokinetic phenomena to design microfluidic unit operations. 

5. Use of technical measures to characterize properties of galvanic elements and capacitors. 

6. Demonstrate fundamental knowledge of major industrial electrochemical processes and 

electrochemical reactor design including economic and environmental considerations. 

 

This course assesses the following attributes: 

 

Knowledge base for engineering (CLO 1-5) 

CHEE-KB-CHEM-2. Utilizes knowledge of electrochemistry and electrochemical engineering, 

including electrokinetic phenomena, to analyze and design electrochemical systems and 

processes.  

CHEE-KB-RE-1. Analyzes reaction mechanisms, identifies rate limiting steps and develops 

expressions describing reaction kinetics for non catalytic, catalytic, or electrochemical processes. 

CHEE-KB-THE-5. Determines equilibrium constants and analyzes the influence of thermodynamic 

equilibrium on reaction and separation systems. 

Design (CLO 6) 

CHEE-DE-3. Develops equipment, process or product design incorporating performance 

requirements and constraints such as quality, yield, reliability, economics, safety, and standards 

and codes as appropriate. 

RELEVANCE TO THE PROGRAM 
This engineering science course covers aspects of technological applications of electrochemistry. It can 

be considered as overlap between electrical engineering, electrochemistry and chemical engineering. 

The need for electrochemical engineering arises in society because of multiple important technological 

applications such as synthesis of chemicals, electrowinning and refining of metals, batteries and fuel 

cells, sensors, surface modification by electrodeposition and etching, separations, and corrosion, to 

mention a few. The course assumes knowledge of 2nd year CHEE210 Thermodynamic Properties of 

Fluids, 3rd year CHEE 311 Fluid Phase and Reaction Equilibrium and CHEE 321 Chemical Reaction 

Engineering. 

COURSE STRUCTURE AND TIMETABLE 

3 lecture hours + 1 tutorial hour per week.  Please refer to SOLUS for times and locations 

EXPECTATIONS FOR LECTURES/TUTORIALS  
Lecture slides will be posted in advance on the CHEE 461 Learning Management System site. Lectures 

will include examples and problem solutions not contained in the posted slides. The tutorial problems 
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are posted on the Moodle site but not the solutions. Maximum benefits can be gained only if students 

come prepared for the tutorial sessions by studying the questions in advance. 

RESOURCES(S) 
The topic is covered comprehensively in the lecture material. That is, no textbook is required for the 
course. The main reason for this is that a suitable modern textbook does not exist.  All course lecture 
slides, assignments and tutorials will be posted on the CHEE 461 onQ site. If you are registered for the 
course, you can access this information by logging in at moodle.queensu.ca 

There are several books available in literature concerned with electrochemistry or aspects of 
electrochemical engineering. They can be used accompanying to the lecture material if there is a desire 
to expand and to deepen the knowledge.  

Suggested is Hamann, Hamnett, Vielstich: Electrochemistry, Wiley-VCH though it rather targets graduate 
students and chemists. 

GRADING SCHEME 
Deliverable Week or Date Weight  

Midterm Week 5-6 (mid-February) 40 

2 Assignments TBA 10 

Final Exam Exam period 50 

 

Students are expected to complete their work in a timely fashion. The course instructor will provide 

notification (in lecture and on course Learning Management System) of due dates and any revisions 

thereof. Late Submission (LS) of assignments will be penalized according to  

LS < 24 hrs. = 75% of the achieved marks;  

24hrs. < LS < 48 hrs. = 50% of the achieved marks; 

LS > 48 hrs. = 0% of the achieved marks. 

 

Students must pass the individual examination component (combined mark on midterm + final) to pass 

the course, as stated by departmental policies (http://www.chemeng.queensu.ca/undergraduate-

studies/Departmental-Undergraduate-Polices.html ) 

HOW TO DO WELL IN THIS COURSE 
The concepts in this course are diverse and complex in nature, consistent with the requirements for a 4th 

level course. Significant practice is required to formulate and solve problems efficiently and correctly. 

Students are expected to utilize the concepts and to implement the methods taught in class to tackle a 

variety of problems that they may encounter in assignments / midterms / exams. 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
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ACADEMIC INTEGRITY 
Engineers have a duty to: 

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

Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 

http://www.peo.on.ca/Ethics/code_of_ethics.html 

The quote above describes the standard of behaviour expected of professional engineers. As 

engineering students, you have made a decision to join us in the profession of engineering, a long-

respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 

from collaborating, even closely, with fellow students in any class. Indeed, we strongly encourage 

collaboration and teamwork, when conducted responsibly. We have, however, set firm guidelines on 

the quality of submitted work and have taken a strong stand against plagiarism and other forms of 

academic dishonesty.  Briefly stated, we expect that submitted work bears the name of all those 

contributing to it and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 

shall be taken, as required by the Faculty of Applied Science policy on academic integrity: 

http://appsci.queensu.ca/policy/Honesty.html.  

Additional information on the University’s policies concerning academic dishonesty can be found on the 

Queen’s website. All students are expected to familiarize themselves with these policies and to 

conduct themselves accordingly. 

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

Applied Science 
3. Queen's code of conduct 

INDIVIDUAL NEEDS 
Students with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 

disability or health consideration that may require accommodations, please feel free to approach me 

and/or the Disability Services Office as soon as possible at (613) 533-6740. The Disability Services staff is 

available by appointment to develop individualized accommodation plans, provide referrals and assist 

with advocacy. The sooner you let us know your needs, the better we can assist you in achieving your 

learning goals at Queen’s. For further information, visit Health, Counselling and Disability Services 

website. 

http://www.peo.on.ca/Ethics/code_of_ethics.html
http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/academicintegrity.html
http://appsci.queensu.ca/policy/Honesty.html
http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/Code_of_Conduct_final_2008.pdf
http://www.queensu.ca/hcds/


 

5 

 

 

CHEE 461       ||     Module overview 

Course learning outcomes (CLO): Students will be able to: 

1. Explain the following abstract concepts: Electrical Potential, Electrical Field, Electrostatic Work, Voltage, Current, Electrochemical 

Potential, Activation Energy, Electrode & Electrochemical Equilibrium. 

2. Formulate and calculate relevant transport phenomena such as migration and the characteristics of (diluted) electrolytes. Relate the 

conversion of matter to the transport of electrical charge.  

3. Evaluate the potential of electrochemical systems based on thermodynamic data and the concept of half-cells. Applying electrical circuit 

elements to model electrochemical systems in order to calculate energy balances and to estimate efficiencies. 

4. Apply knowledge of electrokinetic phenomena to design microfluidic unit operations. 

5. Use of technical measures to characterize properties of galvanic elements and capacitors. 

6. Demonstrate fundamental knowledge of major industrial electrochemical processes and electrochemical reactor design including 

economic and environmental considerations. 

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

by completing posted problem sets  

Module Lecture approach* and content Tutorials 

Tutorial and practice problems are 

available on Moodle 

Assessment (CLO, and % of course 

grade) 

Module 1 

(Wks 1-2) 

Introduction to Electrochemical Engineering  

 

Fundamentals of Electrical Engineering (CLO1) 

 Electrostatics  

 Electrodynamics 

 Electrical Circuit Theory  

 

Fundamentals of Electrochemical Systems (CLO1, 

CLO2)  
 Important definitions 

 Faradays Law 
 

 

 

 

 

 

Tutorials 1 & 2 (CLO1, CLO2) 

 

 

 

 

 

 

 

 

 

 

Material is included on mid-term (CLO1, 

CLO2) 

 

 

Module 2 

(Wks 3-4) 

Elements of Electrochemical Systems:  

I. Electrolyte  (CLO2) 

 Transport processes within electrolytes 

 Empirical laws of electrolyte conductivity 

 The concept of pH and the idea of buffer 

solutions 

 

 

 

Tutorials 3 & 4 (CLO1, CLO2) 

 

 

 

Material is included on mid-term  (CLO2) 

Assignment #1 (10% of course grade, 

CLO1, CLO2) 
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Module 3 

(Wks 4-6) 

Elements of Electrochemical Systems:  

II. Electrode  (CLO1, CLO3) 

 Electrochemical Thermodynamics 

 Nernst Equation 

 Reference Electrodes 

 Cell Potential (Electromotive Force) 

 Electrode Kinetics 

  

 

 

 

Tutorials 5 - 7 (CLO1-3) 

 

 

 

Material is included on mid-term (CL1, 

CLO3) 

 

Assignment #1 (5% of course grade, 

CLO1, CLO2, CLO3) 

Midterm Covers Modules 1, 2 and 3   

 

Midterm exam 1: 3-5 multiple choice type 

questions and 3..5 problems which will 

target CLO1-3, worth 40% of course 

grade. 

Module 4 

(Wk 7) 

Electrical Double Layers (CLO4) 

 Theory & Models 

 Electrokinetic Phenomena 

 

 

Tutorial 8 & 9 (CLO1, CLO4) 

 

 

Material is included on final (CLO4) 

Module 5 

(Wks 8-11) 

Electrochemical Energy Engineering (CLO3, CLO5) 

 Batteries 

 Fuel Cells 

 Electrical & Electrochemical Capacitors 

  

 

 

Tutorial 10 & 11 (CLO1-3, CLO5) 

 

 

Material is included on final (CLO3, 

CLO5) 

 

Assignment #2 (5% of course grade, 

CLO1-5) 

Module 6 

(Wks 11-

12) 

Industrial Electrochemical Processes (CLO3, CLO6) 

 Fundamentals 

 Reactor Design & Parameter 

 Chlor-Alkali Process 

 Electrochemical Extraction of Metals  

 Hall Heroult Process 

 

 

 

 

Tutorial 12 (CLO1-3, CLO6) 

 

 

 

Material is included on final  

(CLO3,CLO6) 

 

EXAM   Final exam: 3-5 multiple choice type 

questions and 3-6 problems targeting each 

CLO, worth 50% of course grade  

 

 


