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COURSE SYLLABUS:  CHEE 311, FLUID PHASE AND REACTION EQUILIBRIUM (F 3-0-.5   3.5) 

PERSONNEL 
For an up to date list of personnel, please check the website. 

CALENDAR DESCRIPTION 
This course is concerned with the application of thermodynamics to practical problems of the chemical 
industry. Emphasis is placed on the study of phase equilibrium, including vapour-liquid equilibrium and 
liquid-liquid equilibrium. Contemporary methods of calculating the thermodynamic properties of non-
ideal vapours and liquids will be presented and applied. The principles of chemical reaction equilibrium 
will also be studied. The design component of the course will require students to perform theoretical 
vapour-liquid equilibrium calculations and recommend proper operating conditions for a single-stage unit 
(flash drum) that separates a non-ideal binary mixture. (0/0/0/30/12). Prerequisite: CHEE 210. 

OBJECTIVES AND OUTCOMES 
The principal objective of the course is to provide the necessary tools to help engineers design and operate 

processes and unit operations in chemical engineering and engineering chemistry. The students will learn 

how to apply the principles of chemical reaction equilibrium and phase equilibrium to the calculation of 

complex separation processes.  

Specific course learning outcomes (CLO) include:  

1. Identify and understand the principles of chemical equilibrium thermodynamics to solve 

multiphase equilibria and chemical reaction equilibria.  

2. Analyze the conditions associated with ideal and non-ideal vapour-liquid systems at equilibrium 

through the construction and interpretation of phase diagrams for ideal and non-ideal binary 

mixtures. 

3. Use empirical correlations and experimental data to evaluate thermodynamic quantities that 

relate to the vapour-liquid or liquid-liquid equilibria of ideal and non-ideal chemical mixtures. 

4. Determine equilibrium constants for chemical reactions and equilibrium point compositions for 

multiple reaction systems.  

5. Solve single- and multistage separation processes involving non-ideal chemical mixtures using 

numerical methods and simulations, and recommend appropriate operating conditions.  

 

This course assesses the following attributes: 

Knowledge base for engineering (CLO 1-4):   

KB-TH-3. Utilizes or constructs phase diagrams for single or multi-component ideal and non-ideal 

systems.  

KB-TH-4. Uses empirical correlations and experimental data to evaluate thermodynamic quantities that 

relate to the vapour-liquid or liquid-liquid equilibria.  
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KB-TH-5. Determines equilibrium constants and analyzes the influence of thermodynamic equilibrium on 

reaction and separation systems.  

KB-TH-6. Solves single and multi-stage separation processes with non-ideal chemical mixtures.  

 

Problem analysis (CLO 3-5):  

CHEE-PA-3.  Selects and applies appropriate quantitative model, analysis and boundary conditions to 

solve problems  

 

Design (CLO 5):  

CHEE-DE-3. Develops a process or product design incorporating performance requirements and 

constraints such as quality, yield, reliability, economics, safety, and standards and codes as appropriate.  

 

Engineering tools (CLO 5):  

CHEE-TOO-4. Selects and applies appropriate software/models/simulations.  

RELEVANCE TO THE PROGRAM 
This engineering science course covers advanced topics in thermodynamics, which is a fundamental topic 

of chemical engineering and engineering chemistry. The engineering science skills taught in this course 

are required for 3rd year courses (Design of Unit Operations; Heat and Mass Transfers) and 4th year courses 

(Laboratory Projects III; Design of Manufacturing Processes), and form the basis of essential knowledge 

to understand chemical engineering processes and reactions. 

The course assumes knowledge of 2nd year thermodynamic properties of fluids, and requires general 

applications of engineering and mathematical tools taught in previous years of study. 

COURSE STRUCTURE AND ACTIVITIES 
3 lecture hours + 1 tutorial hour per week.  Please refer to SOLUS for schedule 

EXPECTATIONS FOR LECTURES/TUTORIALS  
Lecture slides will be posted in advance through the onQ learning environment. These course notes are 

incomplete, and lectures will include examples and problem solutions not contained in the posted slides. 

Students are expected to read associated sections and study worked examples provided in the textbook 

and online. Self-study problem sets are available for each topic, with solutions posted online. These must 

be completed as soon as each topic has been discussed in class. It is strongly recommended that each 

student attempts all the suggested problems, as they are selected to help practice the analytical tools 

provided in class. 

Tutorial problems are posted online. Maximum benefits can be gained only if students come prepared for 

the tutorial sessions by studying the questions in advance. Solutions will be worked out during tutorial 

periods. Abbreviated solutions will be posted online following each tutorial session.  



Page 3 of 8 
 

RESOURCES 
“Introduction to Chemical Engineering Thermodynamics” 7th Ed., by Smith, Van Ness, Abbott  
This textbook (referred to as “SVNA”) is available from the campus bookstore in hard copy and e-book 
formats. The textbook is listed as mandatory, and extensive use of the textbook is made throughout the 
term, including reference to numerous tables and appendices. Previous editions may be used; however 
contents may not match references listed in course material. 

All course lecture slides, assignments and tutorials will be posted online. Students registered for the 
course can access this information by logging in to the specified learning environment address. 

TAs and instructor are available for consultation by appointment (e-mail is recommended). 

GRADING SCHEME 

Deliverable Week or Date Weight (%) 

Mid-term Week 7 (mid-October) 25 

Assignment  Week 11 (end-November) 15 

Final Exam Exam period 60 

 

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

notification of due dates and any revisions thereof (in class and online). Submissions after the due date 

will be penalized at 15% per day.  

Students must pass the individual examination component (combined mark on mid-term + final) to pass 

the course, as stated in Departmental Policy. Attendance at mid-term and final exam is mandatory. No 

make-up mid-terms will be provided. Marks assigned to the mid-term may be transferred to the final 

exam for a medical reason supported with proper documentation following the stipulations of the 

Departmental Policy (http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-

Undergraduate-Polices.html).  

A design project will be completed during the term. The aim of this project is to perform theoretical 

vapour-liquid equilibrium calculations and recommend appropriate operating conditions for a single 

stage unit (flash drum) that separates a non-ideal binary mixture. Students groups will be required to 

provide incremental solutions during the term (Assignments A and B).  

HOW TO DO WELL IN THIS COURSE 
The concepts in this course range in difficulty from fundamental and straight forward to a certain level 

of complexity associated with non-ideal systems. As such, significant practice is required to formulate 

and solve problems efficiently and correctly. Students are encouraged to make use of all resources 

available, including the textbook, solved problems available through the online learning environment, 

interactive tutorials, etc. Students are expected to utilize the concepts and to implement the methods 

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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taught in class to tackle a variety of problems that they may encounter in assignments/ mid-terms/ 

exams. 

To obtain full marks, the complete methodology must be clearly and logically presented; where 

appropriate, clearly labeled diagrams must show the appropriate control volumes and mass balance 

quantities. For questions involving multiple parts, partial credit will be given for correct methodology, 

but the final answer must also be correct. If an answer does not reflect the expected outcome, provide 

comments, using critical analysis skills, to point out any outstanding issue. All relevant assumptions must 

be stated, and proper units must always be included. 

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 

 

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, you are expected to behave with integrity at all times. Our policies do not prohibit 

you from collaborating, even closely, with fellow students in any class. Indeed, collaboration and 

teamwork are strongly encouraged, and must be conducted responsibly. To this end, guidelines have 

been firmly set on the quality of submitted work and we have taken a strong stand against plagiarism 

and other forms of academic dishonesty.  Briefly stated: submitted work must bear the name of all 

those who have contributed to it; others are not allowed 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 strictly 

abide by the Queen’s University Code of Conduct. 

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 

http://appsci.queensu.ca/policy/Honesty.html
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INDIVIDUAL NEEDS 
Students with diverse learning styles and needs are welcome at Queen’s University. 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 the Health, Counselling and Disability 

Services website. 
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CHEE 311    Module Overview: Detailed Weekly Schedule 

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

1. Identify and understand the principles of chemical equilibrium thermodynamics to solve multiphase equilibria and chemical reaction 

equilibria.  

2. Analyze the conditions associated with ideal and non-ideal vapour-liquid systems at equilibrium through the construction and 

interpretation of phase diagrams for ideal and non-ideal binary mixtures. 

3. Use empirical correlations and experimental data to evaluate thermodynamic quantities that relate to the vapour-liquid or liquid-liquid 

equilibria of ideal and non-ideal chemical mixtures. 

4. Determine equilibrium constants for chemical reactions and equilibrium point compositions for multiple reaction systems.  

5. Solve single- and multistage separation processes involving non-ideal chemical mixtures using numerical methods and simulations, and 

recommend appropriate operating conditions.  

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 

NOTES:  Lecture content is delivered through student handouts available in slide format online (an incomplete version of the notes used 
during lectures), in-class examples and solutions, true or false trivia, interactive review, and video clips. 

 Review lectures are sometimes presented during the tutorials. 

 

Module Lecture approach and content Tutorials, Events                   
and Due Dates 

Assessment (CLO;            
% of course grade) 

Module 1:  
(Wk 1-2) 

Fundamental Equation and Phase Behaviour 
 
Topic 1: Fundamental Equation for Closed Systems (SVNA 6, 11, 14) 

 dU = dq + dw = TdS - PdV 

 Auxiliary Equations in Terms of H, A, G 
 
Topic 2: Phase Behaviour (SVNA 2,10, 14) 

 Phase Diagrams for Single and Multi-Component Systems 

 Dew/Bubble Point Calculations (graphical and Raoult’s Law) 

 P, T-Flash Calculations 

Introduction, Administration 
 
 

Topic 1 is a review briefly 
covered in class and during 

Tutorial 1 
 

Tutorial 2 
 

Problem Set 1 

CLO 1, 3 
 

Material is included on 
mid-term exam 
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Module Lecture approach and content Tutorials, Events                   
and Due Dates 

Assessment (CLO;            
% of course grade) 

Module 2:  
(Wk 3-4) 

Ideal Systems 
 
Topic 3: Chemical Potential and Equilibrium Criteria (SVNA 11, 14) 

 Equilibrium in terms of Gibbs Energy 

 Chemical Potential, μi  

 Chemical Potential and Equilibrium 
 
Topic 4: Development of μi for Ideal Systems (SVNA 10, 11) 

 Ideal Gas Mixtures 

 Ideal Solutions 

 Origin of Raoult’s Law and the Phase Rule 

 
 

Tutorial 3 
Introduction to HYSYS 

 
 
 

Tutorial 4 
 

 
Problem Set 2 

CLO 1, 2, 3 
Material is included on 

mid-term and final exams  
 

CLO 5 
Use simulation software 

Module 3:  
(Wk 5-6) 

Non-Ideal Systems 
 
Topic 5: Non-Ideality in Single-Component Systems (SVNA 3, 11, 12) 

 Equations of State 

 Fugacity of Pure Gases and Liquids 

 Residual Properties 
 
Topic 6: Non-Ideality (mixtures of non-ideal components) (SVNA 11) 

 Fugacity of components in mixtures 

 Lewis-Randall Rule 

 Activity coefficients 

 Excess properties 

 
 

Tutorial 5 
Work on Assignment A 

 
 
 

Tutorial 6 
 

 
 

Problem Set 3 

CLO 2, 3, 4 
Material is included on 

mid-term and final exams  
 

CLO 5 
Explore simulation 

software 

Mid-term 
exam 
(Wk 7) 

Covers Topics 1 through 5 (Modules 1, 2, and part of Module 3) 
 
Review and Preparation 

2-3 Questions (which may 
include multiple choice, 

true/false, and calculations) 

Focus on CLO 2 and 3, 
(worth 25% of course 

grade) 
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Module Lecture approach and content Tutorials, Events                   
and Due Dates 

Assessment (CLO;            
% of course grade) 

Module 4:  
(Wk 8-9) 

Vapour-Liquid Equilibrium 
 
Topic 7: Thermodynamic Data for Non-Ideal Systems (SVNA 3, 10) 

 Using experimental VLE data for fi, γi 

 Activity Coefficient Models (Margules, Van Laar, Wilson) 

 Property Changes of Mixing 
 
Topic 8: Non-Ideal VLE at Low Pressures (SVNA 11) 

 fi, γi formulation of VLE problems 

 Dew/Bubble Point Calculations for Non-Ideal Systems 

 P, T-Flash Calculations for Non-Ideal Systems 

 Azeotropes 

 Dilute Solution Approximations (Henry’s Law) 

 Solute/Solvent Systems 

 
 

Tutorial 7 
Assignment A is due 
(last class of Wk 8) 

 
 

Tutorial 8 
Work on Assignment B 

 
 
 
 

Problem Set 4 

CLO 2, 3, 4 
Material is included on 

final exam  
 

CLO 5 
Use simulation software 

(Assignment is worth 15% 
of course grade) 

Module 5:  
(Wk 10-12) 

Stability and Equilibria 
 
Topic 9: Phase Stability and Other Equilibria (SVNA 12, 14) 

 Phase Stability Criteria 

 Assumptions and simplifications 

 LLE, VLLE, SLE 
 
Topic 10: Chemical Reaction Equilibria (SVNA 13) 

 Reaction coordinate 

 Equilibrium constant 

 Single and multi-reaction equilibria 
 
Applications, case studies and examples 

 
 

Tutorial 9 
 
 
 

Tutorial 10 
Assignment B is due 
(last class of Wk 11) 

 
 
 

Problem Set 5 

CLO 2, 3, 4 
Material is included on 

final exam 
 

CLO 5 
Use simulation software 

 

Final exam Covers Modules 1 through 5 
 
Review and Preparation 

6 Questions (which may 
include multiple choice, 

true/false, and calculations) 

Covers all CLOs, 
(worth 60% of course 

grade) 

 


