
Polymer and Composite Materials for Additive Manufacturing 
MATSE 556 

Fall 2018 
Time and Location: Tu-Th 1:35 pm-2:50 pm 

122 Engineering Services Building (Learning Factory) 
 
 
Instructor Information 
Michael A. Hickner, Professor 
mah49@psu.edu 
405 Steidle Building, Department of Materials Science and Engineering 
Phone:  814-867-1847 
Office hours: by appointment 
 
 
Course Description    
This course will focus on how polymers are used in additive manufacturing including topics of 
thermal processing, photopolymerization, composites, details of materials and processes, and 
modern AM research at the intersection of polymer science and additive manufacturing. Of 
particular importance will be the description of how additive manufacturing processes influence 
the final properties of polymeric and composite materials. The importance of polymer chemistry 
and physics and feedstock material composition and structure will be covered to give students 
foundational knowledge in materials and additive processes. Basic ASTM processes in additive 
manufacturing will be described along with hybrid processes and topics in frontier research. The 
unique aspects of additive manufacturing will be discussed in the context of manufacturing 
economics and its impact on polymer processing as the industry and the technology develops.  
Future targets for new materials and new products using composite/polymer AM will be 
discussed. This course will give students a competitive advantage in understanding both 
materials and new manufacturing processes and also give students the opportunity for self-study 
and customizing the course to suit their interests. 
 
 
Topics Covered 
1) 3D printing basics 
2) Polymer structure and properties 
3) Thermal processing of polymers 
4) Photopolymerization 
5) Droplet-based printing 
6) Advanced 3D printing processes 
7) Printing polymeric composites 
8) Current applications of polymer and composite AM 
9) Printing unique materials 
10) Contemporary research strategies in polymer 3D printing 
11) Targets for new materials, processes, products 
 



 
 
Details 
Polymer Molecules and Processing Considerations 

• What is the molecular origin of polymer behavior? 
• What do we have to worry about in additive manufacturing of polymers? 
• What influences polymer properties? 

o Chemical structure 
o Molecular weight 
o Blends 
o Particles 
o Others…? 

• Thermal transitions of polymers 
o Amorphous 
o Semicrystalline 
o Viscoelasticity 

• Thermal AM processes 
o FDM 
o SLS 
o Hybrid processes 
o Troubleshooting polymer processes in AM – what can go wrong? 

• Polymer feedstocks for AM 
• Polymer composites from the polymer side of things 

o Polymer blends 
o Polymer-polymer fiber composites 

• Economic framework of polymer/composite AM 
• Interesting novel polymer AM and frontier research dealing with polymers 

 
Composites 

• Strategies for AM-ing composite materials and key processes 
• Composites from the inorganic/filler/minority phase perspective 

o Particles, fibers, and others 
o Carbon materials 
o Polymer-ceramic composites 
o Polymer-metal composites 
o Polymer-? composites 

• Available feedstocks and how to generate new feedstock materials 
• Coupling agents 
• Blend/component distributions 
• Unique facets of composites in AM 

 
Photopolymerization 

• Basics of photochemistry and crosslinking 
• Light interaction with resins and process variable optimization 
• AM processes using photopolymerization 



o SLA 
o Polyjet 
o Others 

• New opportunities for chemistry 
• Novel parts/processes/applications and troubleshooting 
• Current leaders, materials, trends in light-initiated chemistry and AM 

 
High Temperature Polymers and Advanced Composites 

• The polymer performance pyramid 
• Key application areas that need a solution 
• Limits of additive for high-performance materials and problems of these materials in AM 
• Exotic composites 
• Short-term and long-term research to bring new materials and processes into AM 

 
Other Cool Stuff 

• Bioprinting and 3D in medical/life science applications 
• Responsive materials and 4D printing 
• Niche applications 
• Sustainability of plastics and polymer-based AM 
• Hot examples and breaking news 

 
 
Texts and Lecture Notes 
There is no required text for the course.  Copies of lecture notes will be available for download 
from Canvas.  Supplemental reading material will be uploaded to Canvas periodically.  Students 
are expected to use Canvas regularly (at least once or twice per week or more) to check for 
updates to course material, reminders, and announcements. 
 
There are few polymer and composite-focused archival materials outside of the peer-reviewed 
literature.  Some general materials will be put on reserve in the library for the class to use as 
resources.  These will be announced in class and listed on Canvas. 
 
 
Reaction Papers 
Reaction papers to literature will be required approximately every 1.5 to two weeks.  These 
papers will be based on a provided paper (I pick the paper) or on a question/topic (you find the 
papers) and will be of varying length – depending on the assignment.  The reaction papers will 
be the primary tool for individual learning and study in this course and will allow students to 
customize the course to their interests and develop a customized base of background material for 
their future work.  Take these seriously and produce a thoughtful work product.  Shoddy thinking 
and presentation will result in lower quantitative grades.  Use these papers to your advantage and 
to get the most out of this course.  Late work will not be tolerated and will result in lower 
quantitative scores. 
 
 
 



Final Project 
Students will be expected to write a 5+-page paper and to produce an interesting 7-minute 
presentation (by recorded video or live – your choice) on how the molecular origins of a polymer 
contribute to its behavior during 3D printing.  The paper must be interesting and based on the 
peer-reviewed literature.  Molecular information is a must.  Presentations can be in any style, but 
must be informative and fun to watch. 
 
 
Grading 
Reaction papers 60 %  (These are critical, do not be casual with your write-ups and plan 

ahead.  Rushed work and late work will not be tolerated.)  
 

Final project 30 %  (20 % paper, 10 % presentation.) 
 

Class participation  10 % (Attendance, asking and answering questions, discussion 
participation, office hours questions, etc.) 

 
Course grades will be assigned as follows: 
94-100: A, 90-93: A-, 87-89: B+, 83-86: B, 80-82: B-, 77-79: C+, 70-76: C, 60-69: D, 0-59: F 
 
 
Syllabus Notes 
This syllabus is subject to change.  Changes to the syllabus will be announced orally during class 
and will subsequently be available for download from Canvas. 
 
By virtue of their maturity and experience, college students are expected to have learned the 
meaning and value of personal honesty and professional integrity before entering Penn State.  
Every student is expected to exhibit and promote the highest ethical and moral standards.  A 
violation of such standards is regarded as a serious offense, raising grave doubt that the student is 
worthy of continued advanced study.   
 
 
Methods for Learning and Teaching 
The Teacher in the Learning Process 
Maintaining a high level of learning requires characteristics in teaching necessary for a strong 
teacher-learner relationship.  The teacher should:  

a. Maintain an atmosphere of integrity, civility and respect.  
b. Exhibit a strong desire for students to learn.  
c. Recognize that effective teaching requires a balance among teaching, advising, research, 

and service.  
d. Encourage active student participation in learning.  
e. Employ effective teaching and learning strategies.  
f. Help students connect learning experiences.  
g. Develop an effective personal teaching approach.  



The Student in the Learning Process 
Maintaining a high level of learning and scholarly activity requires the following characteristics 
of the student learner:  

a. Academic integrity, respect, and civility.  
b. Strong work ethic.  
c. Manage time wisely.  
d. Participate actively in class.  
e. Recognize importance of out-of-class learning.  
f. Reflect on the educational process.  
g. Perform self-assessment.  

 
Academic Integrity (Senate Policy 49-20) 
Definition and expectations: Academic integrity is the pursuit of scholarly activity in an open, 
honest and responsible manner. Academic integrity is a basic guiding principle for all academic 
activity at The Pennsylvania State University, and all members of the University community are 
expected to act in accordance with this principle. Consistent with this expectation, the 
University's Code of Conduct states that all students should act with personal integrity, respect 
other students' dignity, rights and property, and help create and maintain an environment in 
which all can succeed through the fruits of their efforts.  
Academic integrity includes a commitment not to engage in or tolerate acts of falsification, 
misrepresentation or deception. Such acts of dishonesty violate the fundamental ethical 
principles of the University community and compromise the worth of work completed by others.  
 
http://www.ems.psu.edu/students/integrity/statement.html 
http://www.psu.edu/advising/integrit.htm 
 
 
Special Needs 
The Pennsylvania State University encourages qualified persons with disabilities to participate in 
its programs and activities. If you anticipate needing any type of accommodation in this course 
or have questions about physical access, please tell the instructor as soon as possible. 
 


