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I. COURSE DESCRIPTION IN ABET FORMAT 
 

COURSE SYLLABUS 
 

CHEMICAL ENGINEERING DEPARTMENT 
CHEG 3305 P02 Separation Processes 
 
1. Course number and name: CHEG 3305 Separation Processes  
2. Credits, contact hours, 

categorization: 
3 credit hours; 5 contact hours; engineering 
 

3. Instructor’s or course  
coordinator’s name: 

 
Dr. Nabila Shamim 

4. Text book: Title: Transport Processes and Separation Process Principles. 5th 
Edition, ISBN: 0-13-101367-X   

                   Author: Geankoplis, C.J., 
                   Publisher, Year & Edition: Prentice-Hall, (5th Edition).   
  a. Other Supplemental material Unit Operations of Chemical Engineers. 7th Edition, McCabe, 

Smith and Harriott, McGraw-Hill, 2005 ISBN: 9780073104454 
5. Specific course information  
 a. Brief description of the content of 

the course (catalog description) 
(3-0) Credit 3 semester hours. Applications of heat and mass 
balances and phase equilibria to the design of staged separation 
processes. Use of graphical methods such as McCabe Thiele. 
Application to distillation, absorption, stripping, and extraction 
Goals: The goal of this course is to teach students the science 
and design of  separation processes. 

 b. Prerequisites or  
 

      Co-requisites 

CHEG 2304 (CHEG 2043) and CHEG 3304 (CHEG 3053) 

 c. *Indicate whether a required, 
elective, or selected elective (as per 
definition provided) course in the 
program 

Required 

6. Specific goals for the course Students will be able to: 
 a. specific outcomes of instruction  

 
1. Solve for an unknown process variable using general 

algebra and linear algebra techniques. 
2. Apply calculus and differential equation principles when 

determining diffusion. 
3. Interpret and construct graphs and tables such as a 

triangle plot and calculating area under a curve. 
4. Write and reduce mass balance equations around trays, 

stages, or overall processes. 
5. Write and reduce energy balance equations around trays, 

stages, or overall processes. 
6. Identify the phases present and select an appropriate 
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method of separation. 
7. Depict a process in a flow diagram labeling unknown and 

known quantities. 
8. Utilize Henry's and Raoult's laws to determine vapor and 

liquid composition. 
9. Calculate compositions for single stage and multiple stage 

systems using Fenske equation. 
10. Calculate mass fluxes, molar fluxes, and overall fluxes 

using correct formulas. 
11. Calculate tower heights, number of trays, and efficiency 

using correct formulas. 
12. Simulate separation processes using computer software 

such as Aspen/HYSYS. 
13. Plot equilibrium data and operating lines on an XY plot 

and determine the number of stages/trays and the feed 
location. 

14. Discuss simulation results and recommendations in 
memos and reports. 

 b. Explicitly indicate which of the 
student outcomes listed in Criterion 
3 or any other outcomes are 
addressed by the course. 

This course addresses: 
Course Outcome 1:  Ability to identify, formulate, and solve 
complex engineering problems by applying principles of 
engineering, science, and mathematics 

1. Identify and Formulate   engineering/technical/computing 
problems using principles of 
engineering/mathematics/science 

2. Solve CEP/computing problems. 
7 Brief list of topics to be covered 

 
1. Mass Transfer and Diffusivity (6 hours) 
2. Evaporation (3 hours) 
3. Contact Stages (3 hours) 
4. Absorption (6 hours) 
5. Humidification and Drying (6 hours)  
6. Distillation (9 hours) 
7. Leaching/Extraction (6 hours) 
8. Design using Aspen/HYSYS     (6 hours) 

   
 
Prepared by:    Dr. Nabila Shamim           Date: May 20, 2022 
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II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

 
 
Program Outcomes Assessed in this course  
 
Outcome 1:    
An ability to identify, formulate, and solve complex engineering problems (CEP) by applying principles of 
engineering, science, and mathematics.   
 
   

Assessment Summary of Class Semester Averages for Outcomes 
(Should be provided for Fall 2019 through Spring 2022 Assessment Period) 

 

Outcomes   1 

Semester Semester Class Average (%) 

Spring 2022 81 

Spring 2021 75 

Spring 2020 72.4 
 
Spring 2019 
 

64 
 

Comments on Trend of 
Data (Improving or 

deteriorating) 

The average for this outcome 
shows gradual increase from 
class average 64 in the Spring 
2019 to 81 in the Spring 2022 

*Expected  Semester Class Average    = 70% (or as defined by the program) 
                Ideal Semester Class Average            =75%  (or as defined by the program) 
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End of Semester Course Assessment Reports 
Spring 2022 and Last Three Assessment Periods. 

 

Each summary contains the following Information   

1.  Performance Statistics 
• Total number of students in class 
• The class average performance (stated as %) in each course outcome assessed 

in this class and the two previous times course was assessed.  
• The acceptable class average for the class in each outcome area as set by your 

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

outcome. 
 

2.  Implementation Summary 
• Brief summary of plans implemented during the semester based on last 

assessment report 
 

3.  Perceived Problems 
• Instructor’s  critical evaluation of perceived problems that affected students’ 

performance. Realistic problems should be identified throughout the semester 
and summarized in this section of the report. 

 

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

class is taught. These should be specific enough for another instructor to 
implement. Most of these should be things that, you, the instructor can 
implement to help students to improve. Be creative. 

 

5.  Overall Trend over last three assessment periods 
• Instructors summary of overall performance trend for each outcome 

measured over the last three periods. 
 

5.  Were Expectations Met? 
• Answer YES if the class average was above the expected average and the 

stated percentage of students scored at or above the expected average, else 
answer NO. 
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Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 
CHEG 3305 SEPARATION PRCESS: SRPING 2021 SEMESTER 

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

Semester    
  

Analysis 
Type  

  
Number 

of 
Students  

Outcome 1.1  
Ability to identify and 
formulate Separation 

problems using the 
principles of mathematics, 
engineering, and science.  

  

Outcome 1.2    
Ability to solve complex 

Absorption and distillation 
problems using computing 

tools.  

Outcome 1  
Ability to identify and 

formulate problems using the 
principles of mathematics, 
engineering, and science.   

  
Expected 

Class 
Average/  

  
Expected 
Percent of 
students at 
or above 
average  

  
  

Class 
Average  

  
% 

Students 
meeting 
Expected 
Average  

  
Expected 

Class 
Average/  

  
Expected 
Percent of 
students at 
or above 
average  

  
  

Class 
Average  

  
% 

Students 
meeting 
Expected 
Average  

  
Expected 

Class 
Average/  

  
Expected 
Percent of 
students at 
or above 
average  

  
  

Class 
Average  

  
% 

Students 
meeting 

Expected 
Average  

 

Spring 2022 Direct 20 75 70 74 55 75 70 89 100 75 70 81 75  
Spring 2021 Hybrid 30 75 70 72 57 75 70 78 80 75 70 75 67  
Spring 2020  Direct  30  75  70  69  60 75  70  84  96  75  70  76.6  72.4   
Spring 2019  Direct  33         75  70  75  64   

  
Implementation Summary  

Items implemented 
from previous 
report or after 

meeting previous 
instructor  

 
• the following techniques 

and technologies were 
included:  

1. Students were divided 
into small groups with 
a specific problem to 
Think-Pair-Share.  

2.  Discussion topics were 
assigned in CANVAS 
to shared thoughts 
with instructor, peers 
and made comments.  

Technology used:  
• Surface pro is used to 

deliver online lectures. 
• OneNote software gave 

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

• The split screen option 
is a game changer, it 
gave the privilege to 
share the theory and 
solve the problem side 
by side.  

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

• Individually students 
were assessed using 
exams and quizzes.  

• The importance of the 
use of HYSIS/ASPEN 
in engineering practice 
was stressed at the 
middle of the course.  

• Complex assignments 
were given in groups 
based on technical 
issues students use 
ASPEN to solve.  

• A detail rubric on the 
project 

• Aspen HYSYS 
tutorialwas given to 
students.   In CHEG 
3305 the number of 
Aspen assignments 
were increased for 
students to get more 
familiar with process 
simulation. A SOP 
was provided showing 
the steps to get remote 
access. However, due 
to license issue they 
could not complete 
three projects 

• A detailed SOP shared 
with student to 
complete ASPEN 
HYSYS project on 
distillation unit.  

Students learned in detail 
about different separation 
units. Pressure drop and 
temperature variation in 

column 

  
Perceived Problems  

Perceived 
problems are 

directly related to 
the PC and the 
sub items under 

them  

• Students had trouble 
formulating the 
material and energy 
balance equation and 
basic mass transfer 
theorems for example 

• Students just presented 
graphs from 
simulation; 
explanation was not 
clear   

• Students are not ready to 

Problems were mentioned in 
the sub-outcomes.  
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Rault’s law, Fick’s 
law.  

• Instructor get 
overwhelmed with 
grading 

• Not all students were 
focused during the 
class 

work hard. 
• Due to pandemic 

academic integrity 
was at risk.   

Plans for Addressing 
Problems  

Plans for 
address specific 

measures to 
address PC and 
their sub areas  

The following is 
recommended for 
implementation.  

• Teaching assistance is 
needed to support 
instructor. 

• The instructor should do 
more active learning in 
class and give 
assignments collaborative 
learning.  

TA is needed to support 
instructor. One day workshop 
on ASPEN HYSYS will help 

students complete projects  

Plans to address problems 
mentioned in the sub-outcomes  

Overall Trend over 
Periods  

Ascertain if there 
were 

improvements over 
previous 

semesters  

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

requirements.  

Students’ performance met 
the expected class average. 

Students’ performance met the 
expected class average 

Were Expectations 
Met?  

Class Average ≥75% 
and ≥70% of Students 

Performed at or 
Above Expected 

Average.   
  
  

  
  

NO  

  
  

YES   

  
  

YES 
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Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 
CHEG 3043 SEPARATION PRCESS: SRPING 2020 SEMESTER 

Report Prepared by: Dr. NABILA SHAMIM  Report Date:  May 18, 2020 
  
  

Semester    
  

Analysis 
Type  

  
Number 

of 
Students  

Outcome 1.1  
Ability to identify and 
formulate Separation 

problems using the 
principles of mathematics, 
engineering, and science.  

  

Outcome 1.2    
Ability to solve complex 

Absorption and distillation 
problems using computing 

tools.  

Outcome 1  
Ability to identify and 

formulate problems using the 
principles of mathematics, 
engineering, and science.   

  
Expected 

Class 
Average/  

  
Expected 
Percent of 
students at 
or above 
average  

  
  

Class 
Average  

  
% 

Students 
meeting 
Expected 
Average  

  
Expected 

Class 
Average/  

  
Expected 
Percent of 
students at 
or above 
average  

  
  

Class 
Average  

  
% 

Students 
meeting 
Expected 
Average  

  
Expected 

Class 
Average/  

  
Expected 
Percent of 
students at 
or above 
average  

  
  

Class 
Average  

  
% 

Students 
meeting 

Expected 
Average  

 

Spring 2020  Direct  30  75  70  69  60 75  70  84  96  75  70  76.6  72.4   
Spring 2019  Direct  33         75  70  75  64   

  
Implementation Summary  

Items implemented 
from previous 
report or after 

meeting previous 
instructor  

2. Students worked 
on identifying and 
formulating problems in 
groups 

3. Individually 
students were assessed 
using exams and 
quizzes.  

The importance of the use of 
HYSIS/ASPEN in 
engineering practice was 
stressed at the middle of the 
course.  
Tutorial class were taken to 
familiarize student with 
HYSIS. 
Complex assignments were 
given in groups based on 
technical issues students use 
ASPEN to solve.  
A detail rubric on the project 
Instructor made necessary 
arrangements to access 
software remotely  

Students learned in detail about 
different separation units. 

Pressure drop and temperature 
variation in column 

  
Perceived Problems  

Perceived 
problems are 

directly related to 
the PC and the 
sub items under 

them  

Students had trouble 
formulating the material and 
energy balance equation and 
basic mass transfer theorems 

for example Rault’s law, 
Fick’s law.  

Students worked as a group to 
finish the assignments 

however there was lack of 
team effort. Students just 

presented graphs from 
simulation; explanation was 

not clear   

Problems were mentioned in 
the sub-outcomes.  

Plans for Addressing 
Problems  

Plans for 
address specific 

measures to 
address PC and 
their sub areas  

The following is 
recommended for 

implementation. The 
instructor should do more 

active learning in class and 
give assignments 

collaborative learning.  

The instructor should: 
Continue providing handouts 

detailing effective use of 
Excel spreadsheet and 

HYSYS and how to explain 
data.  

Plans to address problems 
mentioned in the sub-outcomes  

Overall Trend over 
Periods  

Ascertain if there 
were 

improvements over 
previous 

semesters  

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

requirements.  

Students’ performance met 
the expected class average. 

The class average was same as 
before and expected outcome 
were significantly higher than 

the previous year.  
Were Expectations 

Met?  
Class Average ≥75% 
and ≥70% of Students 

Performed at or 
Above Expected 

Average.   
  
  

  
  

NO  

  
  

YES   

  
  

NO 
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CHEG 3305 SEPARATION PROCESSES, SPRING 2022 

 
Title of Assignment:  Exam 1 

 
TOPICS COVERED IN Exam 1 

 
 Test 1 covered the following topics: 

1. Solving complex problems on Absorption and Diffusion process 
a. General balance equation 
b. Calculate number of stages 
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CHEG 3305 SEPARATION PROCESSES, SPRING 2022 

        
 
 
 
 
 
 
 
 
 

SAMPLE TEST QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR MID-TERM EXAM 
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Separation Processes CHEG 3305 P02 (Spring 2022)  

Exam 1 Time: 2 Hrs Date: March 7 2022 

Total points: 100 

 

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

 

 

 

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

 

 

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS 

 

ANY DISHONESTY DURING THE EXAM WILL RESULT IN “F” GRADE 

 

WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOT USE ANY SHEET 
OF YOUR OWN 

 

 

Student Signature: ………………………………………………. 
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Problem 1 (40 Points) Molasses is fermented to   produce a liquor containing ethyl alcohol.  The 
CO2 rich vapor containing a small amount of ethyl alcohol enters the column at 180 kmol/h at 
30oC and 110KPa, which contains 97% CO2 and 3 % ethyl alcohol. The alcohol can be 
recovered by absorption with pure water in a sieve tray tower. During the absorption process 
98% ethyl alcohol is absorbed.  The liquid flow rate (actual solute free absorbent) is 50% above 
the minimum liquid rate.   The equilibrium relationship is Y* = 0.57 X.  

a. Draw a schematic diagram of the absorption column and label it clearly showing all given 
information and unknown.         (5 Points) 

b. Clearly Write the assumptions of McCabe-Thiele Method   (5 Points) 

c. Determine the mole fraction of ethyl alcohol at the top of the column (7 Points) 

d. Calculate the pure water flow rate used to absorb ethyl alcohol.  (8 Points) 

e. Determine the mole fraction of ethyl alcohol in water at the bottom of column (5 Points)  

f. Use McCabe Thiele Method to graphically calculate the theoretical number of stages        
    (10 Points) 
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Problem 2 (20 Points 2 Points each)  

a) For the determination of driving force in any mass transfer operation, the solubility of a 
species in a solvent, i.e., equilibrium distribution between phases is important. With the 
increase in temperature, solubility of a gas in liquid increases. Hence, absorption is done 
at higher temperature. On the contrary, desorption is done at lower temperature. (True/ 
False)  

b) Diffusivity in gas is proportional to 1/μ (True/False)  

c) Which of the following is NOT true of diffusion in gases, liquids and solids? 
 

a. The rate of diffusion depends on the component diffusing; the medium is not very 
important 

b. The rates of diffusion in liquids and gases is different by several orders of 
magnitude 

c. The rates of diffusion in liquids and solids is different by several orders of 
magnitude  

d. The rate of diffusion in solids and the rate of diffusion in liquids are both slower 
than in gases 

d) Mass transfer is driven by concentration gradient as well as by pressure gradient and 
electrical gradient. (True/ False) 

Answer the following two questions using the plot below (2points each) 
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e. At very low liquid rates, the effective cross section of the packing is not appreciably 
different from that of dry packing and pressure drop is due to flow through a series of 
variable openings in the bed that is called channeling. (True / False)  

 
f. From the above figure write down what is the pressure drop when flooding takes 

place……….. ( fill in the blank) 
 
g. Factors that may lead to flooding: 

a. High inlet gas flow rates 
b. Low liquid circulation rates 
c. Small diameter towers 
d. All of the above 

 
 
h.  The process of the purification of natural gas by contact with an ethanolamine (alkaline) 

solution is called absorption (True /False)  

i.   Write only the general equation for diffusion of gases A and B 
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 Problem 3 (a-d) (40 points) Nickel carbonyl (A) is produced by passing carbon monoxide (B) 
at 350 K and 1 atm over a nickel slab. The following reaction takes place at the solid 
surface: 

 

                                           
 

The reaction is very rapid, so that the partial pressure of CO at the metal surface is 
essentially zero. The gases diffuse through a film with a thickness L = 0.7 mm.  

 

 

Ability of Identify Engineering Problem 

a. List all the assumptions; simplify the general mass transfer equation for species A.  

(5 Points) 
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b. Draw a schematic diagram of the concentration profile for the given system and specify 
your boundary conditions.       ( 10 Points) 

 

 

 

 

 

 

 

Ability of Formulate Engineering Problem 

c. Develop the final integrated equation for the flux of species B; be sure to use your 
boundary conditions.        ( 15 Points) 
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Ability of solve Engineering Problem 

d. Estimate the rate of production of nickel carbonyl (A), in mole/scm2 of solid surface at 
steady state. The composition of the bulk gas phase (z = 0) is 35 mol% CO. The binary 
diffusivity is DAB = 20.0 mm2/s.      ( 10 Points) 
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Above Average Student Original Graded Assignment 

Page  T4 
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Separation Processes  
Spring 2022 

 
 
 
 
 
 
 
 
 
 

Quiz 1 
 

TOPICS COVERED IN Quiz 1 
 

1. Principles of Mass Transfer 

2. Calculating molar flux of evaporating water 
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CHEG 3305 P02 Separation Processes  
Spring 2022 

 
 
 
 
 
 
 
 
 

Quiz  #1 QUESTIONS, SOLUTION,  
AND GRADING SCHEME 
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Separation Processes 

 CHEG 3305 

Quiz 1 Date: January 31 2022 

Water evaporating from a pond does so as if it were diffusing across an air film 0.50 cm thick. 
Air is not diffusing in water. The diffusion coefficient of water in 20oC air is about 0.25 cm2/s. If 
the atmospheric air is 50% saturated, answer the following questions: 

  

1. Draw a schematic diagram of the mass transfer process.                                                  
                                                          2 Points 

2. Calculate the molar flux of evaporating water across the air film.                                    
                                              5 Points 

3. How fast will the water level drop in a day?                                                                      
                                                             3 Points 

Given vapor pressure of water at 20oC is 17.54 mm.  
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Above Average Student Original Graded Assignment 
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BELOW AVERAGE  
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Below Average Student Original Graded Assignment  
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CHEG 3305 P02 Separation Processes  

Spring 2022 
 
 
 
 
 
 
 
 
 
 
 
 
 

Final Project  
 

TOPICS COVERED IN Project 1 
 

1. Use Aspen HYSYS to design Distillation column 
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CHEG 3305 P02 Separation Processes  
Spring 2022  

 
 
 
 
 
 
 
 

Final Project  # QUESTIONS, SOLUTION,  
AND GRADING SCHEME 
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Final Project CHEG 3305 

This is a group project. The project is due on May 6 2022  

Project Goals 

The goals of the project are  

(1) to give the students more experience with real world problems beyond the scope of those 
typically included in undergraduate textbooks,  

(2) to connect major concepts from the course, using material balance, energy balance and phase 
equilibrium equations 

(3) to provide students with opportunities to explore industrial applications in areas of interest. 
The activity connects course concepts to real world applications and requires students to design 
their own case studies through exploring the research and patent literature. 

Problem Statement 

Light naphtha is a mixture producd by distillation of crude oil. Light naphtha primarily contains 
alkane compounds (paraffin) and it can be blended into gasoline. The octane value of methyl 
substituted alkanes (iso paraffin) is higher than that of staring chain compounds (normal paraffin) 
so it’s often advantageous to isomerize the light naphtha to increase the proportion of branched 
compounds.  

A simple naphtha isomerization process has a feed of 10000 barrels per day of a 50 wt% mixture 
of n-hexane and methyl pentane. The fed is heated and sent to a reactor where it is brought to 
equilibrium at 1300KPa and 250oC. The reactor products are cooled to the dew point and fed to a 
distillation column operated at 300KPa. The bottom product of the distillation is rich in n-hexane 
and is recycled to the reactor feed. An overall conversion of 95% is achieved. Simulate the 
process to determine the recycle flow rate and composition.   
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How to submit your report : 

Final report : 

The final report for the project should follow the following formatting. Point breakdowns for the 
100 points allocated to the final report are indicated in parenthesis. Grammar and formatting 
errors may be deducted from any relevant sections. The report must be submitted electronically 
via ecourse. No handwritten notes are allowed, and all equations must be typed. Label all of the 
following sections and subsections in the order listed. 

1. Title Page (1) – course number, project title, project group number, group members, date  

a) Table of Contents(1) 

b) List of tables (1) 

c) List of figures (1)  

d) Page number on each page ( except title page) (1) 

 

2. Executive Summary (10) – A 1/2-page, or less, statement that should contain the objective 
(1), results (2), and conclusions (3). The purpose is to succinctly convey why the project 
was done, what the objective was, what the result of the work was. 

For Example: The objective of the study is to design a separation unit using Aspen for synthesis 
of Ethyl Benzene process which consists of reactors and distillation column. 

3. Process Description. ( 25 points)  

4. Process Simulation and results  (40 Points) 

o Present the numbers in a way that is clearly stated and identified . Mention the 
graphs or figures you have obtained from Aspen HYSYS. 

Primary Control objectives such as reboiler heat input, reflux ratio 

o Recycle stream properties 

o Acceptable composition 

o Is further processing required? 

The graphs or figures you have obtained from Aspen HYSYS. 

o Estimate the number of ideal stages required and feed stage 



74 
 

5. Recommendations for further development  (10 points) 

6. Conclusions.   ( 5 ponts) 

7. References    (5 points) 

 

Hints: To get an initial estimate of the distillation column conditionsm first simulate using a 
shortcut column model. Consider methyl pentane as heavy key. Assume mole fraction of methyl 
pentane at the bottoms is 0.2. With recycle not closed the short colum will give you minimum 
reflux.   

 

o If a group member is absent for the work and does not help leave his/her name from 
the report. Attach a short note explaining why this member’s name not included.  

o All groups must attach their HYSYS project in canval along with the report  

o Do not attach the entire Aspen HYSYS results printout 

o At the end of the project, you will be asked to complete a confidential report 
evaluating your group members.  
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