Course Title: (Nano)Manufacturing: Materials Design and Systems Integration
Course Section Number, Semester: Spring 2020
Credits:
3

Meeting Location and Time: to be determined
Professor: 
Liangbing (Bing) Hu
Room 1205, Bldg. 089



Tel: 301-405-9303
binghu@umd.edu 
Emails are checked frequently and responded at earliest convenience. Please contact me via email to ask course related questions, provide notification of an absence, provide documentation for an excused absence, arrange a meeting for an excused absence, or arrange a meeting for discussion of DSS accommodations.
For emergency issues related to this course, please contact directly at 301-405-9303.
Office Location and office hours: 
Office: Room 1205, Bldg. 089

Office hours: to be determined
Class Time and Location:


CHE 2136

TuTh 2:00pm - 3:15pm
Recommended Texts (NOT required): 


Textbook for this course is under preparation. The text book was invited by Springer Nature. 

Grading:
Homework - 10% 
Mid Term Presentation - 40%

Final Exam - 50%  

Prerequisites: None

Course Communication for Announcements: 

The course will be communicated through the ELMS system with email notifications, regarding class cancellation, room change, or other timely announcements.

Emergency Protocol: 

In case an emergency closure. The course materials will be posted online for learning and the course will be rescheduled at a later time.

Course Description: 
This course is designed to guide students through the fundamentals of nanomanufacturing based on state-of-the-art and future prospects in materials design and systems integration. The course cover functional nanomaterials design and synthesis, structural assembly from nanoscale to macroscale, and device fabrication. Distinct from the current curricular paradigm in many nanotechnology programs that focus on underlying science, this course emphasizes the immediate need for scale-up, process robustness, and system integration issues. Featuring case studies from industry, end of chapter problems, and study questions, the course is for upper-level undergraduate and graduate students, who are interested in the future of manufacturing innovation and technology.

Topics:
· Introduces nanomaterials classification and synthesis: polymers, carbons, semiconductors

· Explains top-down fabrication processes of nanostructures, such as photolithography, nanoimprint lithography, and other techniques; as well as, bottom-up fabrication processes, such as self-assembly and molecular assembly

· Maximizes reader understanding of a range of applications of nanomanufacturing applications for nanofibers, sustainable biomaterials, functional textiles, 3D printing, and energy storage

· Introduces nanomanufacturing measurement technologies, device fabrications, and systems integration

Chapter: Introduction to manufacturing and nanomanufacturing
· Definition, classification, and importance of manufacturing 

· History of manufacturing (materials aspect)

· The need of nanomanufacturing

· Key difference with traditional manufacturing 

· System level considerations 

Chapter: Nanomanufacturing of carbon nanotubes and applications

· Introduction to CNT and history

· CNT properties (physical and chemical)

· CNT synthesis (CVD, microwave, and others)

· Applications (energy, electronics, composite)

· Market survey (companies; CNT raw materials; CNT-based products)

Chapter: Nanomanufacturing of graphene and applications

· Introduction to graphene and history

· Graphene properties (physical and chemical)

· Graphene synthesis (exfoliation, hydrothermal self-assembly, CVD, and others)

· Applications (energy, electronics, composite, biological application)

· Market survey (companies; graphene raw materials; graphene-based products, such as battery, screen, and high-performance fibers)

Chapter: Nanomanufacturing of nanofibers and applications

· Introduction to nanofibers (polymer-based and inorganic based)

· Nanofiber synthesis and manufacturing (spinning technology)

· Applications (structural composite, biological, energy)

· Market survey (companies; nanofiber-based products, such as filters, tissue matrix)

Chapter: Nanomanufacturing of sustainable biomaterials and applications

· Introduction to sustainable biomaterials

· Nanostructured biomaterials synthesis (e.g., nanocellulose)

· Applications (energy, biological application, and others)

· Market survey (company and commercial products)

Chapter: Nanoengineering in functional textiles

· Nanotechnology in textiles (water and oil repellence, antistatic property, wrinkle free, antibacterial property)

· Applications (smart textiles)

· Market survey (companies; products)

Chapter: 3D printing in nanomanufacturing

· Introduction to 3D printing

· 3D printing in nanoscale (nanomaterials and nanostructures)

· Applications (electronics, energy)

· Potential impact

Chapter: Nanomanufacturing in energy conversion and storage

· Introduction to energy conversion and storage 

· Nanomaterials and structures in energy conversion and storage (all-in-one nanobattery, and supercapacitor)

· Fabrication of devices (ALD, CVD)

· Market survey (company and commercial products)

Chapter: Roll-to roll (R2R) manufacturing

· Introduction to the technology/system 

· Emerging process and tools for R2R

· Key technology/application opportunities (membranes, flexible electronics, battery technology)
Chapter: Key parameters in manufacturing
· Key factors (cost, speed, defects, yield, and reproducibility)
· Optimization for high efficiency manufacturing

· Design of experiment (DOE) and six sigmas 
Chapter: Current status of nanomanufacturing in US and worldwide

· US Manufacturing initiatives and Centers (Mission, technologies and impacts)   

· http://manufacturing.gov
· Center For Optical Materials Science and Engineering Technologies (COMSET)

· Oak Ridge National Lab (Carbon fiber innovation, additive manufacturing, 3D printing)

· Revolutionary Fibers & Textiles Manufacturing Innovation Institute (RFT-MII)

· The Institute for Advanced Composites Manufacturing Innovation (IACMI)

Chapter: Perspective and future development of nanomanufacturing

· Perspective

· Impact of nanomanufacturing in academia and industry
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Liangbing Hu received his B.S. in physics from the University of Science and Technology of China in 2002, where he worked on colossal magnetoresistance (CMR) materials for three years. He did his Ph.D. (2002–2007) at UCLA, focusing on carbon-nanotube-based nanoelectronics. His work, titled “Percolation in Transparent and Conducting Carbon Nanotube Networks, L. Hu, D. S. Hecht, G. Grüner, Nano Lett. 2004, 4, 12, 2513-2517), laid the foundation for Unidym, Inc., a startup company focusing on manufacturing and commercialization of transparent and conductive carbon nanotube films. In 2006, he joined Unidym, Inc. as a co-founding scientist, leading the development of roll-to-roll printed carbon nanotube films and device integration in touch screens, LCDs, flexible OLEDs, and solar cells. With a strong interest in research, he transitioned back to academia and did his postdoc at Stanford University from 2009–2011, where he worked on various energy storage technologies using nanomaterials/nanostructures. 
Currently, he is a Minta Martin professor at the University of Maryland, College Park. His research group focuses on materials innovations, device integrations, and manufacturing in general, with ongoing research actives on wood nanotechnologies, 3000 K extreme materials, and beyond Li-ion batteries. 
Hu has published over 350 research papers (including Science and Nature) and given more than 150 invited talks. He has received many awards, including: Highly Cited Researchers list by Clarivate Analytics (2016, 2017, 2018, 2019), Young Innovator Award (2019, Wiley-Small Journal); Blavatnik Awards for Young Scientists (2019 Finalist); TAPPI Nano Middle Career Award (2019); 2019 Exemplary Research Recognition, 2018 R&D 100 Winner, 2018 HIVE 50 Innovator,  the Nano Letters Young Investigator Lectureship (2017), Office of Naval Research Young Investigator Award (2016), ACS Division of Energy and Fuel Emerging Investigator Award (2016), SME Outstanding Young Manufacturing Engineer Award (2016), University of Maryland Junior Faculty Award (School of Engineering, 2015), 3M Non-tenured Faculty Award (2015), Maryland Outstanding Young Engineer (2014), University of Maryland Invention of the Year (2019, 2014), Campus Star of the American Society for Engineering Education (2014), Air Force Young Investigator Award (AFOSR YIP, 2013). For more information, please visit www.bingnano.umd.edu. Dr. Hu is the founding director of the Center for Advanced Renewable Biomaterials (CARB) at the University of Maryland, College Park (www.carb.umd.edu). He is also the Co-Founder of Inventwood, LLC (www.inventwood.com). 
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