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I. COURSE DESCRIPTION IN ABET FORMAT 
 

COURSE SYLLABUS 
 

CHEMICAL ENGINEERING DEPARTMENT 
CHEG 4310 P23 ST-Polymer Science and Engineering 

 
1. Course number and name: CHEG 4310 P23 ST-Polymer Science and Engineering 
2. Credits and contact hours: 3 credit hours; 5 contact hours 

 
3. Instructor’s or course  

coordinator’s name: 
 
Dr. Nabila Shamim 
 

4. Text book: Title: Polymer Science and Technology 2nd edition Joel R.Fried 
ISBN: 013-018168-4 
Principles of polymer engineering 2nd edition, N. G. McCrum ,  
C. P. Buckley, C. B. Bucknall  Oxford science publication 
ISBN-13: 978-0198565260 

                   Author: Joel R.Fried 
                   Publisher, Year & Edition: Prentice-Hall, (2nd Edition).   
5. Specific course information  
 a. Brief description of the content of the course 

(catalog description) 
(3-0) Credit 3 semester hours.  The course involves a 
combination of lecture, presentation, and laboratory experience. 
The learning opportunity typically involves a topic that is of 
infrequent interest. 

 b. Prerequisites or  
     Co-requisites 

CHEM 2303 

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

Required 

6. a. Specific goals for the course specific 
outcomes of instruction (e.g. The student 
will be able to explain the significance of 
current research about a particular topic.)   

 
Students will be able to : 
 

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

The specific goals for the course specific outcomes listed on the 
left column will address the following student learning 
outcomes: 

 (i) Understand and describe the 
manufacture (using both traditional and 
non-traditional synthesis schemes) of 
commercially important polymers using 
concepts from chemical kinetics and 
equilibrium thermodynamics. 

(ii) Design and optimize 3D printed 
structure, and nanofibers  

(iii) Describe polymer behavior using basic 
Maxwell’s theory of viscoelastic 
polymers. 

(iv) Understand the structure of polymers in 

 
Outcome D1 
An ability to identify, formulate, and solve engineering 
problems by applying principles of engineering, science, and 
mathematics.  
 

1. Conduct, summarize and/or present a comprehensive 
literature review in the topical area  

2. Participate in a laboratory experience that requires 
application of chemical engineering principles  

3. Analyze the literature in an emerging engineering area  
4. Apply Maxwell equation for viscoelastic materials  
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the solid state and describe the effects of 
structural organization (i.e., crystallinity, 
liquid crystallinity, phase separation) on 
molecular and end use properties of 
polymers, and recognize the basic 
stress/train and viscoelastic behavior of 
polymers based on a knowledge of 
structure and thermal properties (e.g., 
melting and glass transition) and apply 
the Boltzmann superposition principle 
and Williams- Landel-Ferry equation to 
predict viscoelastic behavior of 
polymeric melts.  

5. Present projects and results in a format acceptable for 
publication/presentation 
 

  
7 Brief list of topics to be covered 

 
1. Introduction, the nature of polymeric materials (3 hours) 
2. Polymer Synthesis (6 hours) 
3. Kinetics of Step-Growth and Addition Polymerization ( 9 
hours) 
4. Laboratory Experiment on 3D printing Project 1 (6 hours) 
5. Crystallization, Melting and Glass Transition (6 hours) 
6. Laboratory Design Experiment (9 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 D1:    
An ability to identify, formulate, and solve 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   D1 

Semester Semester Class Average (%) 

Spring 2022 85 

Comments on Trend of 
Data (Improving or 

deteriorating) 

The average outcome of this 
course. This is the first time 
the elective course is taught in 
the spring 2022 semester. 

*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 4310 P23 ST-Polymer Science and Engineering: SRPING 2022 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 Polymer Science 
problems using the 

principles of mathematics, 
engineering, and science.  

  

Outcome 1.2    
Ability to solve complex 
design 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 10 75 70 77 70 75 70 93 100 75 70 85 90  

  
Implementation Summary  

Items implemented 
from previous 
report or after 

meeting previous 
instructor  

 
The following techniques 
and technologies were 
included:  
1. The course was taught 

for the first time. 
2. Student worked in a 

group to understand 
polymer properties, 
polymer synthesis etc.    

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.  

• Individually students 
were assessed using 
exams and quizzes.  

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

• Hands on 3D printing 
project was given to 
students to print 3D 
objects 

• Students did their own 
CAD design 
converted it to SLA 
file and then used 
FDM printer to print. 

•  A detailed SOP 
shared with student to 
complete the project 
on 3D printing.  

Students learned in detail 
about different 3D printing 
technique, competed hands-

on project and learned 
about polymer properties 
and synthesis processes. 

  
Perceived Problems  

Perceived 
problems are 

directly related to 
the PC and the 
sub items under 

them  

• Students struggled 
with polymer 
kinetics, radical 
polymerization 
and concept of 
viscoelasticity  

• Instructor get 
overwhelmed with 
grading 

• Not all students were 
focused during the 
class 

• Student struggles in 
report writing  

Problems were mentioned in 
the sub-outcomes.  
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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. 

TA is needed to support 
instructor. One day workshop 

on 3D printing will help 
students complete projects.  

Different types of printers will 
be helpful to learn.   

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 

 



9 
 

  
 

 
 
 

 
 CHEG 4310 P23 ST-Polymer Science and Engineering 

Spring 2022 
        
 

 
 
 
 
 
 

Title of Assignment:  Exam 1 
 

TOPICS COVERED IN Exam 1 
 

 Test 1 covered the following topics: 
Concepts of molecular weight and chemical kinetics 
Radical polymerization 
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CHEG 4310 P23 ST-Polymer Science and Engineering 

Spring 2022 
 
 
 
 
 
 
 
 
 
 
 
 

SAMPLE TEST QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR MID-TERM EXAM 
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Polymer Science and Engineering CHEG 4310 PO23  

Spring 2022 

Exam I Time: 1Hr 20 min Date: March 9, 2022 
Instructor: Dr. Nabila Shamim  

Total points: 100 
 

ABET OUTCOME  
  
Understand and describe the structure of commercially important polymers using concepts of 
molecular weight and chemical kinetics  
 
.  

 

 

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 EXAMS 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 (20 Points) Molecular weight data for some polymer are tabulated here. Compute (a) 
the number-average molecular weight, (b) the weight-average molecular weight. (c) If it is 
known that this material's degree of polymerization is 710, which one of the polymers listed in 
Table 14.3 is this polymer?  Why? 
 

Molecular Weight 
Mi g/mol xi wi 

22500 0.04 0.01 

37500 0.07 0.04 

52500 0.16 0.11 

67500 0.26 0.24 

82500 0.24 0.27 

97500 0.12 0.16 

112500 0.08 0.12 

127500 0.03 0.05 

 

                                     

 
The repeat unit molecular weights of the polymers listed in Table are as follows: 
  Polyethylene--28.05 g/mol 
  Poly(vinyl chloride)--62.49 g/mol 
  Polytetrafluoroethylene--100.02 g/mol 
  Polypropylene--42.08 g/mol 
  Polystyrene--104.14 g/mol 
  Poly(methyl methacrylate)--100.11 g/mol 
  Phenol-formaldehyde--133.16 g/mol 
  Nylon 6,6--226.32 g/mol 
  PET--192.16 g/mol 
  Polycarbonate--254.27 g/mol 
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Problem 2 (a) (15 Points) A polymer has a crystalline growth parameter of 2 and a rate constant 
of 10-2 s-2 at 100°C. The polymer is melted and then quenched to 100°C and allowed to 
crystallize isothermally. After 10 s, what is the percent crystallinity of the sample? 
 

Problem 2 (b) (15 Points) i) Compute the density of totally crystalline polyethylene (C2H4). 
Polyethylene has orthorhombic unit cell also the equivalent of two ethylene repeat units 
contained within each unit cell:  

ii) Using the answer to part (i), calculate the percent crystallinity of branched polyethylene that 
has density of 1.025 g/cm3: The density for the totally amorphous material is 0.810 g/cm 3  

(Molecular weight of C is 13.08 g/mol, molecular weight of hydrogen is 1.126 g/mol; 
Avogadro’s number N;= 6.022 ×10 23 repeat units/mol, lengths in unit cell are 0.686 nm; 0.528 
nm, 0.224 nm)  
 

Density of pure crystalline materials,     

n = number of unit cell 

A = Atomic weight 

V = Volume of unit cell 

N = Avogardro’s Number



14 
 

 

Problem 3 ( 25 Points)  It has been reported that the rate of a batch photopolymerization of an 
aqueous acrylamide solution using a light-sensitive dye is proportional to the square of the 
monomer concentration, [M]2, and the square root of the absorbed light-intensity, I1/2. Note that, 
although this polymerization is free radical, the apparent kinetics appear not to be typical of 
usual free-radical polymerization.   
 
Prove the rate of polymerization is proportional to the first power of monomer concentration [M] 
and to the square root of the initiator concentration [I].  
The following polymerization mechanism has been proposed to explain the observed kinetics: 
 

 
 
where 
M, monomer 
D, dye (which is considered as initiator I)  
P, terminated polymer 
S, deactivated initiator 
Show that this mechanism appears to be correct by deriving an equation for the rate of 
propagation in terms of [M], I, and the appropriate rate constants.  
 
The following assumptions may be made: 
1. Equal reactivity in the propagation steps 
2. Steady-state concentration of R• and RMn• 
3. k2 << k5 
4. The concentration of dye, [D], that has been activated by light and thereby contributes to the 
first initiation step is proportional to the absorbed light intensity.
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Problem 4 (25 Points) Short Questions 

A. ( 5 Points) Where does chain-growth polymerization usually occur? 
a) On unsaturated monomers and the reactive sites of the polymer chain 
b) On saturated monomers and the reactive sites of the polymer chain 
c) On two monomers 
d) None of the above  

 

B. (5 Points) What is a benefit that thermoplastic compounds have over thermoset 
compounds? 
a) They have a more refined appearance 
b) They're essentially indestructible 
c) They can be recycled 
d) They're higher quality  

 

C. (5 Points) Which of the following can activate chain initiation? 
a) heat 
b) light or radiation 
c) catalysts 
d) all of the mentioned  
 

D. (5 Points)  
a) Compute the repeat unit molecular weight of polystyrene. Polystyrene has eight 

carbons and eight hydrogens 
b) Compute the number-average molecular weight for a polystyrene for which the degree 

of polymerization is 25,000. 
 
 
 
 
 
 
 
 
 
 
 
 

E. (5 Points) Choose the name of the linear polystyrene molecule for different configurations  
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a) Atactic polystyrene  

b) Syndiotactic polystyrene 

c) Isotactic polystyrene 

 

              

 
a) Atactic polystyrene  

b) Syndiotactic polystyrene 

c) Isotactic polystyrene 

 
 

 
 

a) Atactic polystyrene  

b) Syndiotactic polystyrene 

c) Isotactic polystyrene 
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Equations 
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CHEG 4310 P23 ST-Polymer Science and Engineering 
Spring 2022 

 
 
 
 
 

Quiz 4 
 

TOPICS COVERED IN Quiz 4 
 

1. Viscoelasticity  
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CHEG 4310 P23 ST-Polymer Science and Engineering 
Spring 2022 

 
 
 
 
 
 
 

Quiz #4 QUESTIONS, SOLUTION,  
AND GRADING SCHEME 
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Date: Monday April 18, 2022 
CHEG 4310  

Quiz 4 on Viscoelasticity  
 

Problem 1: (8 Points) Explain the Maxwell Spring-Dashpot Model for liner viscoelastic 
response. Derive the mathematical expression of Maxwell model. 

 
 
 
 
 
 
 
 
 
 

Problem 2: (6 Points)  In a stress relaxation test a constant strain on ɛo  acts as the input to the 
material, Draw a schematic expression of the time dependent stress.  

 
 
 
 
 
 
 

Problem 3 (6 points) 
Explain Creep, Stress Relaxation and Voigt-Kevin Model of Viscoelasticity  
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CHEG 4310 P23 ST-Polymer Science and Engineering 

 Spring 2022 
 
 
 
 
 
 
 
 
 
 
 
 

Final Project  
 

TOPICS COVERED IN Project 1 
 

1. Use of Fussed Deposition Modeling (FDM) to print 3D printed 
objects 
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CHEG 4310 P23 ST-Polymer Science and Engineering 
 Spring 2022 

 
 
 
 
 
 
 

Final Project  # QUESTIONS, SOLUTION,  
AND GRADING SCHEME 
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Final Project  
CHEG 4310 P23 ST-Polymer Science and Engineering 

 Spring 2022 
 

 

Hello Students 

We have learned about basic information on 3D printing and had a demonstration class on 3D 
printing.  
 
Students will use Flash Forge Guider II  3D printer in this project. This activity aims to 
familiarize the students with the steps of the rapid prototyping process and software. 
 
First, choose a model from online repository websites such as TinkerCAD, which have existing 
3D model files in STL file format.  Then students are required to download the file, copy it in an 
USB and bring it to CL Wilson for printing. 
 
You may need to scale the model, adjust position and orientation, and finally follow instructions 
to 3D print the selected file using a Fused Deposition Modeling (FDM) printer.  
 
Please signin to confirm your printing schedule. Please be reminded we have one 3D printer and 5 
groups will be using it. Therefore, team work and spirit is highly encouraged.  
 

How to write a report for the final project report 

Maximum 5 -7 pages, 1 in margin all around, use 12 font times new roman or Arial font. 
Cover page is not included in the page limit.  

1. Abstract: A brief, comprehensive summary of the contents of the report. Specific, clear, active, 
and deliberative writing,  Includes the top 4-6 important concepts, findings, or implications. The 
abstract should give an overview of the background leading to the aims or objectives. The 
materials and methods, results and conclusion. ( Abstract should be 200 words). 

2. Background/ Literature Review: Give background information on 3D printing.  

3. Objectives/ Aims: 

2. Materials and Methods: Describe the materials and printing methods of Flash Forge  

              under methods you can have the following items 
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              a. Design: The design you obtained from tinkerCAD. Give the actual image of the 
design, dimensions, how you have scaled it, show the design in the workplane, and download it 
STL file. 

               b. Table : Prepare a table that summarizes the parameters of the print with values 

                 Parameters 

                  Layer Height 

                  Infill pattern 

                  Infill Density 

                  Exterior shells 

                 Raft 

                Angle 

               Extruder temperature 

                Plate temperature.  

              Print time 

If you find have more parameters include them.  

3. Challenges: what problems you have faced in the printing process, including all the images.  

4. Results and Discussion: How does the final product look like. What was done to 
improve/overcome the challenges? 

5. Future Work: What are your plan and thoughts about 3D printing 

6. Conclusions: Write a short paragraph on what you have learned and how the knowledge and 
hands-on experience of 3D printing will benefit you.  

7. References. 
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