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PRINTABLE MATERIALS (3HR) / Engineering Problem (1HR) 

Printing Nano Engineering (PNE) Option 

2017 Fall (Liberal Art 210) 

INSTRUCTOR:  

Nam-Soo Kim, Ph.D., Associate Professor of Metallurgical and Materials Engineering  

Office:  M201E; Phone: 747-7996; E-Mail: nkim@utep.edu 
REFERENCES:  

K.N. Han, “Fundamentals of Aqueous Metallurgy,” SME/AIME, 2002. 

D. R. Poirier and G. H. Geiger, "Transport Phenomena in Materials Processing," TMS (1994) 

Text Book (written by Peter Kim) will be given 

Contemp. Journal Papers 

INCOMING EXPECTATIONS: 
Upon entering this course students will be considered fluent in the following areas: 

1) Advanced thermodynamics and Biomaterials 

2) Organic and inorganic materials; Nanoparticles and Filament & Powder solid materials;  

3) Fundamental IoT  (Internet of Thing) Control (Cloud system, Raspberry Pi, Arduino)  

COURSE OBJECTIVES:  

The objective of this course is to provide students with the working knowledge and the skills: 
1) Understand the principles governing engineering aspects of nano materials synthesis, additive 

manufacturing, and dispersing in solution. 

2) Understand the principles of IoT enabled 3D Printer and control 

3) Build 3D printer with piston/extruder with control board and operate it cloud platform 

4) Create 2D/3D structures using edible food 

TOPICS COVERED AND COURSE OUTCOME:  

The course deals with various aspects of nano and micro size particles/filament/paste in conjunction with printing 

processes to form layered materials printed electronics, food, biomaterials and medical devices. The course will 

cover 1) the major issues that arise in additive manufacturing processes: ink-jet, micro dispensing deposition write, 

R2P systems, and high viscous material extruder, printable components and processes 2) emphasizing the 

fundamental physical chemistry, colloidal stability, general modeling and mathematical concepts, and 3) Build 
unique 3D printer which controlled by Raspberry Pi, Arduino and Platform cloud operating system. 4) Each student 

(<25) will have their own printer, digital signage box and then print edible food (in 2017)  5)Analysis and simulation 

tools required to meet an existing or future printable applications. The main topic is to divide the course into three 

units.  

Physical Chemistry of Surfaces (Theory): (10 lectures) 
 Introduction: Objectives; Scope  

 -- Thermodynamics of interfaces; surface free energy; surface tension 

 -- Wetting phenomena; contact angle; spreading coefficient, surface charge and its applications 

 -- Electrical properties of charged surfaces; chemical and physical adsorption phenomena 

 -- Colloidal stability; electrostatic repulsion and Van der Waals force 

                             -- Introduction: Post-treatment, corrosion, CV, Electrochemical treatment and analysis 

                -- Adhesion and cohesion, and particle agglomeration 
Introduction: Objectives; Direct writing technologies, packing simulation, probability theory 

 -- Synthesis of nano particles using micelle and inverse micelle 

 -- Introduction and presentation on FDM, MDDW (micro dispensing depositing write), Ink-Jet 

 -- Packing theory and simulation 

 

Assembling IoT enabled 3D printer  (10 lectures)  Engineering Problem 
 -- Assemble 3D printer, digital box, control system  

                             -- Understand Raspberry Pi, Arduino, & Digital Signage   

Printing Technology (10 Lectures) 
 -- Creation of patterns on various substrates 

                             -- Creation of 3D structures 

EVALUATION: 
Quiz(1) 20%, Exams(1) 40%, Final Product (Printer, Printable Materials, Design, Product and Report) 40% 

GENERAL POLICIES:  

 Home work: All homework assignments will be collected before the class starts on the due date; 
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 Exams: Make-ups will be given only under extreme circumstances determined at the discretion of the 

instructor. It is expected that the student will contact the instructor sufficiently in advance of an exam. 

 

NUE: Printing Innovative Nano Engineered Technology Research and Elite Education (PINE TREE) 

 

Principal Investigator: Namsoo Peter Kim 
 

(New course) This course deals with various 

aspects of nano size particles seen in Figure 1 

in conjunction with printing processes to 

form layered materials for flexible 

electronics, sensors, RFIDs, and medical 

devices. Major issues that arise in direct 

writing processes: ink-jet, micro dispensing 

deposition write, R2P systems, 3D printing 

systems, printable components and 

processes, emphasizing the fundamental 

physical chemistry, colloidal stability; 
general modeling and mathematical concepts, 

and analysis and simulation tools required for 

existing or future printable applications. 

Following completion of the cou 

rse, the student will know the different Nano 

materials available, the different 

classifications of substrates, and different 

direct writing systems currently available for 

printed electronics. Also, Student will learn 

3D software which CAD or Solid works to design artistic 3D structure. By using this software, student will use 3D 

printing equipment which is acceptable each characteristic of nano materials so they will practice manufacturing 
creative 3D structure by themselves. This is a newly developed course, and the only prerequisite that has been 

established is academic standing as a junior, which implies completion of the lower-division curriculum and a 

comprehensive understanding of multiple disciplines of chemistry, physics, math, and engineering.  

 The students will use high viscous nano inks or polymer filaments with 3D printing equipment to print patterns with 

different aspect ratios.  Air pressure, or screw-extrude types of printing nozzles and fused deposition modeling (FDM) 

will be used for this project. A variety of parameters such as the pressure of dispensing ink and the speed of patterning 

will be changed. The patterning speed will be varied from 50 to 150 mm/sec to control the aspect ratio of layered 

deposition. The pattern will be formed on flexible and rigid substrates and the patterns will be analyzed to compare 

the mechanical strength (in Figure 2). Finally, with different materials and 3D printers on mechanical strength will be 

measured and verified by a test with the help of under- and graduate student researchers at PNE Lab (Burges Hall 104 

& 107). The students’ final outcome will be evaluated in two terms: 1) Their success in obtaining good quality patterns 

by using the pressure or extrude nozzles and 2) their capability to create artistic 3D structures. In addition the students 
will write a final report in the form of a journal paper, and conduct a presentation to their mentors and PI explaining 

the procedures and the final outcome of their research. Artistic 3D structures are also expected (in Figure 3).  

 

 
Figure 3. 3D Printers in PNE Lab and their products (a) Objet, (b) High viscous materials printer, (c) UV-LED 3D 

printer, (d) FDM 

 
Figure 1.  SEM images of various Cu nanoparticles synthesized 

using a one-step process: (a) Cu nanotubes, (b) CuO nanotubes, (c) 
Cu nanospheres  

 

Figure 2. Mechanical strength analysis of 3D structures 


