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Structural and Functional Characterization of ATP nanoliposomes 
with potential for accelerating delayed diabetic wound healing and 
injured spinal cord regeneration 
Girish J. Kotwal1, Michael Martin1 and Sufan Chien1,2 
1Noveratech, LLC, Louisville, KY and 2Price Institute of Surgical Research, Hiram Polk Department of 
Surgery, University of Louisville School of Medicine, Louisville, KY 


Delayed wound healing is a major complication of chronic diabetes. Spinal cord injury 
(SCI) can result in permanent loss of limb function. Our hypothesis has been that ATP 
being the energy currency of the cell, increasing delivery could enhance cellular 
processes.  We have have been developing ATP encapsulated nanoliposomes for 
intracellular delivery for a long time to accelerate wound healing in a rabbit ear punch 
model [1] and recently to regenerate SCI. Investigation of intracellular ATP delivery has 
resulted in a better understanding of the cellular [2,3,4] and molecular mechanisms [5]. 
In order to characterize the structure and function of the ATP nanoliposomes several 
approaches have been developed. To get an idea of the structure, transmission electron 
microscopy (TEM) with and without negative staining was performed. To evaluate the 
efficiency of delivery of ATP by ATP nanoliposomes, cells in culture were treated with 
the ATP nanoliposomes or S–ATP nanoliposomes (control). And the level of ATP 
compared to control was measured by a NGS Biorad separation system. Also tested 
was the effect of changes in the composition of biomaterial encapsulating the ATP on 
the efficiency of delivery and physical stability. Our TEM results have shown that ATP 
nanoliposomes have a range of sizes and layers surrounding the ATP. Treatment of 
cells in culture results in a significant increase in intracellular ATP which then causes 
the upregulation of critical mediators of splicing which then presumably increases the 
mRNA  [5]. In conclusion ATP nanoliposomes have unlimited potential in accelerating 
healing and regeneration.  


References 1: Howard JD, Sarojini H, Wan R, Chien S. Rapid granulation tissue regeneration by 
intracellular ATP delivery--a comparison with Regranex. PLoS One. 2014 Mar 17;9(3):e91787. doi: 
10.1371/journal.pone.0091787. eCollection   2: Kotwal GJ, Sarojini H, Chien S. Pivotal role of ATP in 
macrophages fasttracking wound repair and regeneration. Wound Repair Regen. 2015 Sep;23(5):724-
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doi:10.1007/978-3-319-54090-0_14. Review. Springer NATURE publishers. 4: Sarojini H, Billeter AT, 
Eichenberger S, Druen D, Barnett R, Gardner SA,Galbraith NJ, Polk HC Jr, Chien S. Rapid 
tissue regeneration induced by intracellular ATP delivery-A preliminary mechanistic study. PLoS 
One. 2017 Apr5;12(4):e0174899. doi: 10.1371/journal.pone.0174899. eCollection 2017. 5: 
Kotwal GJ, Martin MD, Chien S. Significant upregulation of U1 and U4 spliceosomal snRNAs by ATP 
nanoliposomes explains acceleration of wound healing, due to increased pre-mRNA processing to 
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Biography of Girish J. Kotwal, Ph.D. Received his doctoral degree from McMaster U. 
in Canada. Is currently Sr. Scientist at Noveratech and Adjunct Professor of Medicine at 
UMASS Med. School. Has over 100 pubmed listed publications.  








Characterization of Novel Microreactors for Breath Analysis    


Qi Li, Zhenzhen Xie, and Xiao-An Fu  


Department of Chemical Engineering, University of Louisville 


Abstract 


Breath analysis is promising as a noninvasive diagnostic tool for early detection of lung 


cancer and other diseases. Development of a new approach for analysis of volatile 


organic compounds (VOCs) in exhaled breath is critical for fulfillment of the promise.   


Quantitative analysis of trace VOCs is a key for identification of disease metabolic 


markers in exhaled breath. We report the development of new microreactors with 


thousands of micropillars in a microfluidic channel that have been engineered to 


selectively preconcentrate trace volatile aldehydes in exhaled breath. The microreactor 


chips are fabricated using MEMS fabrication technologies. The micropillar surfaces are 


functionalized with a reactive quaternary ammonium aminooxy salt for trapping trace 


carbonyl compounds in exhaled breath by means of oximation reactions. The 


microreactors are used for directly preconcentrating carbonyl compounds in exhaled 


breath. One challenge of the microreactor approach was that the capture efficiencies of 


carbonyl compounds were significantly affected by the gas flow rate. This work 


investigated the effects of the gaps between the micropillars and the microreactor length 


on capture efficiencies of carbonyl compounds at different flow rates. A reaction 


engineering model was developed to understand the effects of microreactor length on 


the capture efficiencies of carbonyl compounds at different air flow rate. Deuterated 


carbonyl compounds were spiked into breath samples for characterizing the capture 


efficiencies of the microreactors. The new microreactor can be operated at much higher 


sample flow rate with the same capture efficiencies of VOCs.    


 


Biography of Presenter 


Qi Li is a fifth year PhD student in the department of Chemical Engineering at the 


University of Louisville. His research interest focuses on breath analysis, 


microfabrication of micro-devices and different analytical 


chromatography methods. His PhD project is to develop the 


microdevice for breath analysis and using mass spectrometry 


to detect as many as volatile organic compounds for statistical 


analysis, and furthermore to find the potential biomarkers of 


lung cancer disease. He has demonstrated the quantitative 


analysis of carbonyl volatile organic compounds (VOCs) and 


identification of lung cancer VOC markers in exhaled breath 


using unique silicon microreactor technology. 
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Abstract  


Silicon resonators exhibit excellent mechanical property and have been used in many 


modern applications such as navigation, mass sensing, and recently in timing modules, 


posing to replace quartz as the electronic clock. More and more silicon resonator 


applications are predicted.  One area of special interest is space applications where 


ionizing radiation may affect the integrity or general performance of the device. This 


research reports the interesting transformation of silicon’s mechanical property, i.e. elastic 


modulus, using ionizing ultraviolet (UV) light radiation. The UV light used is a powered 


LED (LED255J - OPTAN®) with a center wavelength at 255 nm (4.9 eV). We designed a 


custom silicon MEMS test resonator to investigate the UV effects on its mechanical and 


electrical properties by measuring its resonant frequency and resistance during radiation 


exposure. We compensated for any environmental changes (temperature, etc), by 


mounting a protected reference device in the same DIP package along with the device 


under test. Resonators with 3 different widths were radiated and we observed that devices 


with smaller widths showed a larger resonant frequency shift. In other words, the larger 


surface volume ratio resulted in a larger change in the elastic constant. With UV radiation, 


carrier concentration changes drastically near the surface region (≈10nm) because of its 


absorption depth. Previous theories showed that silicon’s elastic modulus and carrier 


concentration are correlated. Based on that, we have developed a model relating the 


surface volume ratio to the elastic modulus change. Our experimental data agrees well 


with the prediction of the model.  


 


Biography of Presenter Ji-Tzuoh Lin, Ph.D. is a research 


scientist in the department of Electrical Engineering at 


University of Louisville. His research fields has been in the 


MEMS devices and energy harvesting areas. He is 


specifically interested in low power MEMS solutions for 


internet of things (IoT). Dr. Lin has one issue patent, two book 


chapters and more than 20 Journal publications. He has 


started his companies and received an SBIR award. He is 


currently working on subjects related to UV effects on silicon 


and GaN resonator and their low power applications. 


 








  3D Printing Evangelist 
Jason Lopes 


Jason Lopes is the former lead systems engineer with Legacy Effect who helped create some of 
the biggest Hollywood blockbusters of all time utilizing Additive Manufacturing. Jason’s credits 
include Avatar, Terminator Genisys & Salvation, 2012, Thor, Iron Man 1,2, & 3, Cowboys & 
Aliens, Real Steel, Life of Pi, Captain America 2, Robocop and Pacific Rim; amongst other 
successful TV and film productions.  After leaving Legacy Effects Jason now runs he Production 
Studio at Carbon as well as other programs within the organization. 


Jason is a strong advocate of 3D printing, which has proven to be an invaluable tool in his 
production workflow, along with 3D scanning, 3D design and 3D modeling. He has been 
operating numerous 3D printing technologies for a number of years to assist in the production 
of stunning visual effects and was awarded 3D Printing Industry’s Maker Of The Year 2017 the 
DINO (Distinguished Innovative Operators Award) in 2012 by the Additive Manufacturing Users 
Group. 


 
 








3D Printing of Multi-Functional Structures 
 


Eric MacDonald, Ph.D., P.E. 
Friedman Chair for Manufacturing 


Professor, Electrical and Computer Engineering 
Youngstown State University, Ohio 44555 


Abstract 
In the last decade, research has focused on 3D printing for not only creating conceptual models but functional end-
use products as well.  As patents for 3D printing expire, new low cost desktop systems are being adopted more 
widely.  This trend is leading to products being fabricated locally and improving supply chain logistics.  However, 
currently low cost 3D printing is limited in the number of materials used simultaneously in fabrication and 
consequently is confined to fabricating enclosures and conceptual models. For additively manufactured end-use 
products to be economically meaningful, additional functionalities will need to be incorporated in terms of 
electronic, electromechanical, electromagnetic, thermodynamic, and optical content. Research has recently focused 
on embedding electronic components and electrical interconnect into 3D printed structures either by interrupting 
the process or by inserting the additional 
content after the structure has been built.  
However, only until recently and with an 
investment from the national initiative on 
Additive Manufacturing – America Makes – 
has there been a concentrated research 
focus on developing technology that 
provides multi-functionality.  This 
presentation will review work in multi-
process 3D printing for creating structures 
with electromechanical actuation, electro-
propulsion and the Internet of Things data 
acquisition in sand casting. 
 
 
 
Bio 
Eric MacDonald, Ph.D. is a professor of electrical and computer engineering – with a joint appointment in 
manufacturing program and is the Friedman Chair for Manufacturing at Youngstown State University.  Dr. 
MacDonald received his B.S. (1992), M.S. (1997) and Ph.D. (2002) degree in Electrical Engineering from the 
University of Texas at Austin. He worked in industry for 12 years at IBM and 
Motorola and subsequently co-founded a start-up - Pleiades Technologies, Inc. - 
specializing in self-test circuitry and CAD software and the startup was acquired 
by Magma Inc. (San Jose, CA).  Dr. MacDonald spent 2003 to 2016 at the 
University of Texas at El Paso as the associate director of the W. M. Keck Center 
for 3D Innovation and held faculty fellowships at NASA’s Jet Propulsion 
Laboratory, SPAWAR Navy Research (San Diego) and a State Department 
Fulbright Fellowship in South America.  His research interests include 3D 
printed multi-functional applications and closed-loop control in additive 
manufacturing with instrumentation and computer vision for improved quality 
and yield. Recent projects include 3D printing of structures such as nano 
satellites with electronics in the structure (one of which was launched into Low 
Earth Orbit in 2013 and a replica of which is on display at the London Museum 
of Science).  He has over 50 refereed publications, several patents (one of which 
was licensed by Sony and Toshiba from IBM).  He is a member of ASEE, senior 
member of IEEE and a registered Professional Engineer in Texas.  
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Abstract  


Periodontal diseases are globally prevalent chronic inflammatory diseases that affect 


~46% of U.S. adults. Porphyromonas gingivalis (P. g.) adherence to oral streptococci is 


a key event in the initiation and pathogenesis of periodontal diseases. Previous work in 


our groups has shown that a region of the streptococcal antigen denoted BAR (SspB 


Adherence Region) can inhibit P. g./S. gordonii (S. g.) interaction and biofilm formation 


both in vitro and in a mouse model of periodontitis.  While efficacious, BAR provided 


transient inhibition and required higher concentrations of BAR to disrupt established 


biofilms. To address these challenges, we fabricated BAR-ecapsulated poly(lactic-co-


glycolic acid) (PLGA) nanoparticles (NPs) using an adapted double-emulsion technique, 


then assessed their activity to inhibit or disrupt in vitro  biofilm formation relative to free 


BAR. Moreover, the kinetics of BAR-encapsulated NPs were compared to free BAR 


after different durations of exposure in a two-species biofilm model. Our results indicate 


that BAR-encapsulated PLGA NPs potently inhibit biofilm formation (IC50 = 0.7 µM) and 


disrupt established biofilms (IC50 = 1.3 µM) in a dose-dependent manner. In addition, 


functional activity of BAR released during the first two hours of administration potently 


inhibit biofilm formation, while a longer duration of 3 hr is required to  disrupt pre-


existing biofilms. In conclusion, these results suggest that BAR-encapsulated provides a 


potent platform to inhibit and disrupt P. g./S. g. biofilms, relative to free BAR. The 


incorporation of BAR peptide within NPs provided relevant and timely release of BAR 


peptide, suggesting potential application for delivery to the oral cavity.  


 


Biography of Presenter  


Mohamed Y.  Mahmoud is a Ph.D. Candidate at University of Louisville in the 


Department of Pharmacology & Toxicology. Mohamed obtained his undergraduate 


degree in Veterinary Medicine at Cairo University. He earned his 


Master’s in Toxicology at Cairo University. Mohamed worked as an 


Assistant Lecturer of Toxicology and Forensic Medicine, Cairo 


University since 2015. Mohamed submitted his first in vitro 


manuscript, which will be followed by his in vivo manuscript, a 


review paper (in progress), and a co-authored manuscript with a 


Master’s dental student in the area of fibers against oral biofilms. His 


current focus is creating novel biomaterials that deliver BAR peptide 


to specifically target oral niches against biofilm formation.  








Sintering of Metal Nanoparticles through Repetitive 


Electrochemical Oxidation-reduction Cycles 


Badri P Mainali, Dhruba K Pattadar, Francis P Zamborini* 


 


 We describe the electrochemical sintering of 2, 4 and 15 nm Au nanoparticles (NPs) attached 


to (3-aminopropyl)triethoxysilane functionalized glass indium tin oxide (glass/ITO) in different 


electrolytes.  Different sized NPs show different stability when treated with multiple oxidation-


reduction cycles in cyclic voltammetry (CV). The stability of Au NPs during oxidation-reduction 


cycling was monitored by observing the peak potential shift in anodic stripping voltammetry 


(ASV) and measuring the surface area-to-volume ratios (SA/V) after a different number of CV 


cycles.  After 1000 CV cycles, the peak potential for   ̴2, 4 and 15 nm diameter Au NPs was shifted 


positive by 230 mV, 90 mV and 120 mV, respectively, compared to the untreated NPs.  The surface 


area decreased with an increase in the number of CV cycles.  The diameter, as calculated from the 


electrochemically-measured SA/V ratio, increased by   ̴10, 8 and 3-fold for 2, 4 and 15 nm Au 


NPs, respectively, which is in good agreement with the scanning electron microscopy (SEM) 


determined sizes. This electrochemical sintering behavior of Au NPs is particle size dependent, 


where smaller sized NPs undergo a greater extent of sintering than the bigger ones under identical 


conditions such as pH, NP coverage, and CV scan rates.  The mechanism of NP sintering was 


determined by monitoring the oxidation-reduction process for 4 nm diameter Au NPs which was 


completely dissolved after 1000 CV cycles in acidic electrolyte. This result suggests that the NPs 


grow larger during oxidation-reduction cycling by Ostwald ripening, which was further confirmed 


by observing the size histogram from SEM images. 


 


 








Ion Channels Reconstituted in Synthetic Block Copolymers 
Michael D. Martin, Joel Fried, Farnaz Minooei, J. Patrick Brian, and Timothy Dubbs 


Department of Chemical Engineering, University of Louisville, Louisville, Kentucky 40292, United States 


 
Abstract:  
 Exploiting the nanoscale engineering principles of biological systems outside of 
living organisms has the potential to revolutionize technologies such as energy 
generation, sensors, environmental remediation, drug delivery, nanoscale synthesis, 
robotics, and material science. Unfortunately, biological molecules and the 
macromolecular assemblies in such devices are prone to mechanical instability and 
chemical degradation. These shortcoming are managed in organisms by the constant 
metabolic turnover of such molecules; a process that is engineered to remove and replace 
labile molecules and one that is (so far) difficult to mimic in artificial constructs.  One 
approach to overcoming the fragility of these components has been to utilize engineered 
block copolymers in the place of lipids and synthetic macromolecules as membrane 
channels. 
 We present methods for forming, characterizing, and incorporating natural ion 
channels in to biomimetic planar membranes composed of amphiphilic block copolymers.  
Synthetic membranes were formed of diblocks and triblocks composed of hydrophilic 
poly(2-methyl-2-oxazoline) (PMOXA) and hydrophobic poly(dimethylsiloxane) (PDMS). 
The lipid diphytanoyl phosphocholine (DPhPC) served as a control. Phase-contrast 
microscopy was used to study membrane evolution over time after their formation.  
Electrical measurements were performed to characterize the thickness of the membrane 
and demonstrate functional reconstitution of the natural and artificial ion channels.  
 The capacitance measurements yielded 0.28 µF/cm2 with a corresponding 
thickness of 8.5 nm for PMOXA6 -PDMS35-PMOXA6 formed from a solution of ethanol-
decane, 0.55 µF/cm2 and 4.4 nm in chloroform-toluene and 0.46 µF/cm2  and 5.4 nm for 
the diblock PMOXA6 -PDMS17 in ethanol-decane.   This ion channels alamethicin and 
gramicidin reconstituted in the block copolymers show 
slower channel forming kinetics with somewhat higher 
conductance values than found in DPhPC. 
   
Biography of Presenter  
Michael Martin currently works as a research associate 
for Dr. Joel Fried in the Chemical Engineering Dept. at 
the University of Louisville. He also works as a research 
associate for Noveratech, LLC, a start-up company in 
Louisville developing nano-drug delivery solutions for 
intracellular adenosine triphosphate designed to 







accelerate wound healing in various contexts. Finally, he is pursuing a PhD, part time, in 
physics at the University of Louisville.  
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Abstract (in 12 Pt Ariel Font) 


Perovskite solar cells (PSCs) have been a growing area in thin film photovoltaic research 


with reported efficiencies increasing from 3.9% to 22.1% since 2009.[1, 2] There are 


multiple perovskite deposition techniques that are compatible for roll-to-roll 


manufacturing; however, there are not roll-to-roll compatible techniques to deposit metal 


oxide hole transport layers (HTLs) and electron transport layers (ETLs) onto perovskite. 


In this study, we propose a reactive lamination process that addresses several 


manufacturing and commercialization obstacles prevalent within perovskite 


manufacturing. The reactive lamination process involves reacting pre-deposited films of 


PbI2 and MAI resulting in adhesion between respective substrates. X-ray diffraction 


(XRD) patterns have confirmed perovskite formation as a result of this process; however, 


a high-performance PSC has not yet been recorded. 


 


Biography of Presenter (in 12 Pt Ariel Font) 


Blake Martin is a first-year doctoral student working under the guidance of Dr. Gautam 


Gupta and Dr. Thad Druffel. His research focuses on perovskite solar cells and materials 


and interfaces. He received his B.S. in Chemistry from Centre College in Danville, KY.   
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Embedding Sensing Capabilities in an FDM-Printed Object 
Garrett McGrady, Neel Jain, Douglas Jackson, Dr. Kevin Walsh 


Electrical & Computer Engineering, University of Louisville 


Abstract 
It is expected that 97 percent of 3D printers sold by 2019 will be Fused Deposition 
Modeling (FDM) printers. FDM printers produce parts by printing models from bottom to 
top in layers of molten plastic—commonly Acrylonitrile Butadiene Styrene (ABS). To date, 
most all FDM printed parts are static in that they contain no embedded components such 
as sensors or electronics.  Our research demonstrates that it is feasible to produce “smart 
components” using FDM printing.  Specifically, we utilize the elasticity of thin ABS 
diaphragms to manufacture the first 3D printed, strain-based pressure sensor. The design 
is a cubic, 3D printed structure with a hollow, conical cavity, closed off by a 1mm or 2mm 
thick diaphragm. During the printing process, a strain gage was placed at the center of 
the diaphragm, either within the diaphragm or on its interior surface. Successfully 
produced prototypes exhibited a limited leak rate, acceptable sensitivity, limited 
hysteresis and drift, and repeatability. When sealed with 100% acetone, the diaphragms’ 
leak rates were dramatically improved by ~50x compared to unsealed 3D printed sensors. 
Pressure testing revealed that 1mm diaphragms deformed ~10x more than 2mm 
diaphragms. Additionally, 1mm sensors with a strain gage secured at the diaphragm 
surface responded to pressure linearly for an operable range of 0 to 7psi. Suspending a 
second strain gage inside the cavity allowed for a half-bridge circuit configuration, which 
improved the sensors’ resistance to drift induced by temperature changes. The ABS 
diaphragms also showed no signs of elastic hysteresis or nonlinear buckling. Finally, 
when exposed to consecutive pressure sweeps from 0 to 5psi, the sensors yielded 
repeatable recordings. This work demonstrates a concept previously overlooked—
exploiting the intrinsic properties of FDM prints with embedded electronics.  
 
Biography 
Garrett McGrady is a rising third-year Grawemeyer Scholar and one of two students from 
the University of Louisville to receive a 2018 National Goldwater Honorable Mention. His 
research background includes six years of experience in three different labs at UofL, 
including neuroscience, atmospheric science, and microelectromechanical systems. 
Garrett is returning from a co-op rotation at the Johns Hopkins Applied Physics 
Laboratory, where he worked on research in deep learning neural 
networks, and he is currently completing his second co-op rotation at 
Raytheon Missile Systems. Outside of research, Garrett is serving his 
second year as the Services Vice President of the Speed School 
Student Council. In 2017, he developed and launched the SSSC 
Service Coalition brand—an effort to support local schools’ STEM 
clubs by providing them with student volunteers from Speed School. 








Mehdi Yazdanpanah 
 
Dr. Mehdi Yazdanpanah is a Serial Entrepreneur, founded NaugaNeedles LLC in 2007, Yazdan 
Investment LLC in 2013 and recently joined Tactile Analogices as CEO and Co-Founder. 
Yazdanpanah is the recipient of the 2009 Vogt Innovation Award, the Kauffman Fellowship 
award in 2009, the 2013 Kentucky Small Business Person of the Year Award, and the 2013 
Kentucky Pacesetter Award. 
Yazdanpanah is originally from Iran and came to the US in 2001 with student visa to pursue PhD 
degree in Electrical Engineering. In 2006 he received his doctorate degree from UofL where he 
co-invented a nano fabrication technology as a platform for developing highly sensitive force 
sensors. He also holds the B.S. degree in Physics from Sharif University of Technology and M.S. 
degree in Physics from the Beheshti University (2001). In 2006 he started a research faculty 
position at UofL while he also was thinking about starting his own business and creating jobs 
rather than getting a job. In 2007 he founded NaugaNeedles but it took 2 more years till he 
quitted his position with UofL and become the first fulltime employee of NaugaNeedles in 
2009.  
In 2013 he founded Yazdan Investment LLC, an investment firm, and grew the company’s 
portfolio to +$10M under management. Mehdi’s specialty is in founding high growth startup 
and makes them profitable in a short period of time. Between his two companies, they bring 
+$4M in annual sale. 
While running businesses, he is also actively involved in various R&D projects, have published 
more than 25 papers in refereed journals, and holds 2 issued US patents and 7 pending patents. 
Dr. Yazdanpanah has co-invented more than 10 different products and demonstrated their 
applications and benefits. These products are currently being sold to researches worldwide.  
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Merging Scales: Nanoscale Principles, Additive Technologies 
Mitchell Meinhold 


 


Abstract 


With the recent developments of computer-driven additive manufacturing technologies, novel ideas 
have emerged to apply these broad additive concepts to micro and nano-scale materials and 
components.  This talk will explore projects at CS Draper Laboratory that exemplify this overlapping 
technology space and seeks to inspire a conversation about what might be next.  A broad range of 
technology domains will be presented, some of which address advanced packaging challenges.  Topics 
include fabrication and assembly of micron-scale coax and wires, materials advances in additive printed 
structures, miniaturized thermoelectric devices and microfluidic devices.  Crossroads of nanoscale and 
additive manufacturing will be highlighted.  For example, preparation of micro-coax wires has leveraged 
Draper Microfab capabilities that include electroplating, physical vapor deposition and additive 
conductor printing. 


Bio 


Dr. Meinhold is a Distinguished Member of the Technical Staff at CS Draper Laboratory where he leads 
research in the fields of electronics, advanced materials applications and unique packaging solutions.  
His interests include finding solutions to difficult fabrication problems through the development of novel 
processes.  Some of his recent work has focused on the automated integration of micron-scale coax 
wires, fabrication of miniature thermo-electric devices and vertical electronics stacking.  Dr. Meinhold 
spent his early career working to commercialize carbon nanotube memory at startup company Nantero.  
In 2008, he joined Lockheed Martin through acquisition of Nantero’s government business unit.  While 
at Lockheed Martin, he served as a site lead of a Boston-based R&D facility and continued to develop 
carbon-based non-volatile memories and a variety of additional nanomaterial-based technologies.   Dr. 
Meinhold received his dual BS in Electrical Engineering and Engineering Physics from Lehigh University 
and his Masters and PhD in Electrical Engineering from MIT. 
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Abstract  


 


Polyvinylidene fluoride(PVDF) and its copolymer, are easily the most dominant 


piezoelectric polymers. Beyond that, this non-toxic thermoplastic polymer is a 


biocompatible material with good abrasion, radiation and chemical resistance. These 


favorable properties make PVDF an intriguing candidate for use in different commercial 


applications. PVDF’s microstructure determines its electro-mechanical coupling 


behavior, in which the β-phase content has a significant effect on piezoelectric and 


pyroelectric of fabricated PVDF. The overriding goal of this study is, investigating the 


ways that enhance the amount of crystalline β-phase polymorph of additively 


manufacred PVDF structures. Successful completion of this research would enable 


products and prototypes that exhibit multi-functional behavior to be rapidly 


manufactured, a capability that will provide benefits in a variety of applications. 


.  


 


Biography of Presenter 
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Commercialization Opportunities with the University of Louisville 
T. Allen Morris1 


1Office of Technology Transfer, University of Louisville 
 
Abstract (in 12 Pt Arial Font) 
The University of Louisville (UofL) has a rich history in working with partners to 
commercialize the innovations that have been developed by our faculty. UofL is also 
proud to have achieved what no other university has; the award of four prestigious 
translational research grants, including a Coulter Translational Partnership award, the 
National Institutes of Health REACH grant, the National Science Foundation I-Corps Site 
award and the National Science Foundation AWARE: ACCESS grant.  All of these awards 
have been used by the University to further develop our innovations and to help prepare 
our entrepreneurial and innovative faculty, staff and students for success.   In this 
presentation, you will learn how the University uses these programs to drive 
commercialization success and you will hear about some of the successes to date.  You 
will also learn of promising new University technologies that cover a board variety of fields, 
including engineering, healthcare, advanced manufacturing, materials and software and 
how potential industry partners, entrepreneurs and investors can easily access them in 
order to build new business and develop new products for the benefit of society.  We hope 
that you will consider UofL as your commercialization partner of choice.   
 
Biography of Presenter (in 12 Pt Ariel Font) 
Allen Morris, Ph.D., MBA, came to Louisville in August 2014 as the Director of the Office 
of Technology Transfer.  He earned his Ph.D. in molecular biology from Purdue 
University in 1994 and his MBA from Virginia Commonwealth University (VCU) in 2002.  
Before coming to UofL in 2014, Allen was the Associate 
Director at VCU Innovation Gateway and a Licensing 
Executive and Project Leader at Los Alamos National 
Laboratory.  Prior to working in technology transfer, Allen 
was a postdoctoral fellow in neuroscience at VCU. 
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Abstract 


Blood transfusions are the most common medical procedures in U.S. hospitals. However, 


blood has a limited shelf-life of six weeks when refrigerated and storage requirements 


prevent transfusions in austere environments, including remote medical centers and 


military operations. To address these challenges our team is pursuing a novel approach 


to store red blood cells (RBCs) as a dried powder at ambient temperatures, which can be 


rapidly rehydrated by adding sterile water. In this project we are developing a microfluidic 


system to enable rapid loading of compounds which protect RBCs during dry storage and 


rehydration. Our method utilizes ultrasound and microbubbles within the microfluidic 


device to transiently permeabilize RBC membranes and enable rapid uptake of protective 


compounds. The objective of this study was to assess the performance of the microfluidic 


platform on loading compounds into RBCs. PDMS devices with 200-µm channels were 


fabricated using standard photolithography techniques. Human RBCs were obtained from 


a commercial vendor. Ultrasound treatment of RBCs in the microfluidic system 


significantly increased intracellular delivery compared to controls. Optimal parameters for 


ultrasound pressure, pulse interval, microfluidic flow rate, and microbubble dose were 


identified in order to increase recovery of viable RBCs after dry storage. Ultimately, this 


technology could provide a solution to the unmet need for blood storage at ambient 


temperatures, potentially eliminating the challenges posed by refrigeration or frozen 


storage of blood while enabling transfusions in austere environments. 
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Exploring the unique electrochemical and chemical reactivity of sub 
2 nm diameter catalytic Au NPs 
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 We compare the electrochemical and chemical reactivity of amine functionalized glass/indium 
tin oxide electrode attached sub 2 nm diameter tetrakis(hydroxymethyl)phosphonium chloride-
stabilized nanoparticles (THPC Au2nm NPs) to 4 nm diameter citrate-stabilized Au nanoparticles 
(Cit Au4nm NPs).  We found that the potential for oxidative dissolution of THPC Au2nm NPs in the 
presence of bromide is 250 mV more negative than that of Cit Au4nm NPs and 450 mV negative of 
that of bulk Au, showing the very high reactivity of the tiny 2 nm NPs towards oxidative 
dissolution.  In acid electrolyte, the surface Au oxide formation and reduction of THPC Au2nm NPs 
occurs at a significantly more negative potential from that of Cit Au4nm NPs on the first potential 
cycle.  On the second scan, both NPs show very similar voltammetry because the THPC Au2nm 
NPs undergo an electrochemical restructuring to a larger size, making them more resistant to oxide 
formation.  The THPC Au2nm NPs undergo Ostwald ripening in the presence of bromide at 0.3 V 
vs. Ag/AgCl after 35 minutes, increasing their size to ~4 nm in diameter.  In contrast, Cit Au4nm 
NPs remain very stable for the same potential and time.  Exposure to ozone causes the THPC 
Au2nm NPs to increase in size within 8 minutes through some type of ripening mechanism, while 
no noticeable change occurs to the Cit Au4nm NPs during the same time.  We found a 200 mv 
positive shift in the oxidation peak of THPC Au2nm NPs  after 3 min of galvanic exchange with 1 
µM PtCl4


2-. In contrast, Cit Au4nm NPs do not show any noticeable change in their oxidation peak 
potential.  After galvanic exchange with PtCl4


2-, THPC Au2nm NPs  show better catalytic reactivity 
for bromide oxidation than  Cit Au4nm NPs under a similar condition, showing that the smaller NPs 
exchanged with Pt, but the larger 4 nm NPs did not significantly.  Another remarkable difference 
is that the THPC Au2nm NPs show a strong CO2 reduction wave at about -0.45 V (vs. Ag/AgCl) 
which is non-existent for the Cit Au4nm NPs or bulk Au.  Similarly, the THPC Au2nm NPs are more 
active as electrocatalysts for the hydrogen evolution reaction (HER) compared to Cit Au4nm NPs.   
All of these differences are attributed to the Au NP size as opposed to the different ligands, since 
the ligands themselves are weakly adsorbed and do not appear to significantly perturb the reactivity 
of the NPs relative to bare Au. 
 


 








FirstBuild, GE Appliances’ Co-Creation Community  
Larry Portaro 


Director, FirstBuild 
 
Abstract 
To make differently, you must think differently. As Director of FirstBuild, Larry Portaro 
has a front-row seat when it comes to how community, crowdfunding and co-creation 
are driving innovation at GE Appliances. 
  
FirstBuild is a co-creation community backed by GE Appliances that is changing the 
way products come to market. By letting a community influence the product from the 
very beginning, we can quickly deliver better products that improve the lives of our 
consumers. 
 
FirstBuild’s microfactory sits adjacent to the University of Louisville campus, which 
enables students to play a role in product development from engineering all the way 
through manufacturing.  
 
Biography of Presenter 
Larry Portaro is Director of FirstBuild, a subsidiary of GE Appliances, which has both a 
physical space, a microfactory on the University of Louisville campus, and an online 
space at FirstBuild.com. Larry earned a Bachelor of Science in Electrical Engineering and 
a Master of Engineering in Electrical Engineering from the University of Louisville. He has 
25 years of experience at GE Appliances. 
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Mechanistic insights of the acid-catalyzed synthesis of diphenolic 


acid as a plastic precursor for 3D printing applications  
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Abstract 


Diphenolic acid (DPA) can be used as a plasticizer and has a potential to 


replace/supplement the bisphenol A. The DPA can be synthesized from renewable plant 


biomass from lignin-derived phenol and cellulose-derived levulinic acid. The acid-


catalyzed condensation reaction of phenol and levulinic acid for production of DPA was 


investigated by polyacid catalysts. Although condensation reaction is extensively 


studied, its mechanism is not well understood. Polyacids catalyzed the condensation 


reaction, forming a high DPA yield of ~80%. The resulting DPA is in the form of a 


mixture of p,p-DPA and o,p-DPA isomers. We will show the reaction pathway and the 


kinetic effects of reaction temperature on the resulting DPA isomers. 
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the catalytic production of renewable materials from bioresources. 
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Abstract 
Laser powder bed fusion (L-PBF) process is accompanied by rapid melting and 
solidification that results in intense thermo-capillary convection within the melt pool. An 
open source particle simulation software is utilized to generate a single layer of spherical 
powder particles of variable diameters. Considering the importance of particle size and 
particle size distribution (PSD) in L-PBF process, three distinct categories of PSD are 
generated with identical settings. A 3D thermo-fluid model is developed in this study that 
incorporates the generated layer of powder particles of non-uniform sizes over a thick 
substrate. A moving volumetric heat source is applied to melt a single track in the powder 
layer through the user defined function (UDF) in FLUENT software. Temperature 
dependent material properties including variable surface tension is considered for the 
computation. The numerical model is used to simulate Ti-6Al-4V powder particles to 
observe the melt pool flow dynamics. Presence of particles of smaller diameter in the 
powder mix supports a consistent and continuous melt pool flow while any kind of void 
enhances fluid convection in the downward direction causing a temporal increase in melt 
pool depth.  
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Abstract 
Electrothermal microactuators are used in many applications including positioning, 
grasping, and manipulation of small-scale components. With potential applications in 
medicine, manufacturing, and nanotechnology scientific work, electrothermal 
microactuators fill an important niche in the world of microrobotics. The principle of 
operation of these actuators is based on electrical current to heat conversion using the 
Joule effect. Increases in temperature lead to thermal expansion, and at small scales, 
actuation occurs at reasonably high frequencies. In this project, we designed, simulated 
and fabricated several microactuators using Silicon on Insulator (SOI) MEMS technology. 
Three micron-scale mechanical grippers, all utilizing electrothermal actuators, were 
designed, and these structures were fabricated on SOI wafers. Fabrication consisted of 
photolithography, metal deposition, Deep Reactive Ion Etching, and hydrofluoric acid 
release. Thermo-mechanical models of the microgrippers were prepared in ANSYS 
simulation software, including boundary conditions reflecting the anticipated operating 
environment, and simulations were run to predict the static and dynamic behavior of the 
microactuators. Experiments conducted on fabricated parts measured displacement 
using optical metrology tools. While simulation models can qualitatively anticipate the 
performance of MEMS devices in terms of displacement, bandwidth and force, 
quantitative matching of experiments and simulations requires meticulous tuning of 
parameters and conditions which is still on-going.  
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the 2018 University of Louisville Research Experience for Undergraduates program, 
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 In this work we describe the effect of the type of assembly method and electrode material on 


the electrochemically-determined surface area to volume ratio (SA/V) ratio of Au nanospheres 


(NSs) of different diameters.  The SA/V was approximately 10% and 34% smaller for 4 and 15 


nm diameter Au NSs, respectively, assembled by electrophoretic deposition (EPD) directly onto 


glass/ITO electrodes as compared to those attached electrostatically to glass/ITO through 


aminopropyltriethoxysilane (APTES). Surprisingly, the SA/V was 80-90% smaller for 32 nm, 50 


nm, and 70 nm diameter Au NSs deposited by EPD as compared to those deposited electrostatically 


onto glass/ITO/APTES.  The lower SA/V suggests that the Au NSs attach more flattened on Au 


NSs deposited by EPD, making the full NS surface less accessible.  This also leads to a more 


positive shift in the oxidation potential for these Au NS compared to those deposited on 


glass/ITO/APTES.   Drop-cast deposition and deposition with carbon black also leads to a large 


decrease in accessible surface area of the NSs as compared to deposition onto glass/ITO/APTES.  


Au NSs attached through amine (Ethylene diamine) and thiol (Aminoethanethiol) terminated 


linkers to glassy carbon and Pt disk electrodes respectively, also showed variations in the 


electrochemically determined SA/V of Au NSs of similar sizes attached through APTES to 


glass/ITO. The observed trend for SA/V for 15 nm Au NPs for these different assembly methods 


was GC/ED > glass/ITO/APTES > Pt Disk/AET. Knowing the SA/V for different NS assembly 


methods and different electrode materials is useful for selecting the proper method and material 







for different applications and plays an important role in the reactivity and stability of the surface-


attached NSs. 
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Abstract 


Miniaturized sensors and actuators such as accelerometers, resonators, pressure 


sensors, gyroscopes, and comb drives are examples of common microelectromechanical 


systems (MEMS). They are extensively used in smart appliances such as smart-phones, 


robots, self-driving cars, virtual reality gaming devices, etc. These low-cost, lightweight, 


low-power and highly-reliable MEMS devices are very attractive for space applications. 


Any electronic equipment used in space is subjected to radiation damage due to ionizing 


and non-ionizing radiation such as UV, X-ray, proton, neutron, etc. For reliable operation 


of MEMS devices in space, we need to understand the damage mechanisms so that we 


can design “radiation hard” MEMS devices. In this research, we fabricated custom T-


shaped MEMS resonators of different dimensions to test the effect of 10keV X-ray 


radiation. We tracked the resonance frequency of the resonator during and after radiation. 


The resonators were radiated in a vacuum chamber through a beryllium window at an 


ionizing dose rate of 30.3 krad(SiO2)/min for a total ionizing dose of 1Mrad(SiO2). 


Dimension dependent resonance frequency reduction was observed during X-ray 


irradiation. The resonance frequencies recovered to their original values after post-


radiation annealing for about 9 to 11 hours at room temperature. Dimension dependence 


of the resonance frequency shift indicates that surface effect is a dominant factor in 


radiation damage. We propose a theoretical model based on hydrogen diffusion in silicon 


that successfully explains the dimensional dependence of radiation damage. The model 


shows that larger surface-to-volume ratio devices are more susceptible to radiation and 


it needs to be considered while scaling MEMS devices, especially for space application.  
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Abstract 


Manufacturing metals products with extrusion-based 3D printing process such as fused 


filament fabrication (FFF) has emerged as an alternative to conventional laser powder 


bed fusion 3D printing process as it offers the unique advantage of being overall cost-


effective and providing the user the flexibility to manipulate various material properties 


and process parameters. In the metal FFF process, high powder-filled polymer systems 


are used to 3D print a part and subsequent process that involve removal of the polymer 


through debinding followed by sintering to obtain a fully dense metal product. One 


challenge working with the metal FFF 3D printing process is that with an increase in 


metal powder loading in the polymer matrix there is an increase in viscosity of the metal 


filled polymer feedstock that obstructs the flow of material through the nozzle while 


extrusion 3D printing. The current work focuses on understanding the science behind 


the rheological properties of unfilled and metal powder filled polymers by correlating it 


with the extrusion process in FFF 3D printing to gain a better control on feedstock flow 


behavior. Additionally, this work focuses on demonstrating the shear-rate and 


temperature dependence of viscosities for 70, 80, & 90 wt.% bronze powder-filled 


polymer binder when compared with unfilled polylactic acid (PLA) for extrusion FFF 3D 


printing. It is anticipated that this work will provide new insights in material design for 


high-powder filled polymers in metal FFF and reduce the trial and error experiments.  
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processing for Additive Manufacturing. He received his Master’s from San Diego State 
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Abstract  
The disparity between available donor organs and patients in need of a transplant has 
been the impetus to create human tissues and organs for transplantation.  Efforts to 
biofabricate replacement organs has evolved over several decades and has included 
advancements in cell biology, tissue culture, tissue engineering and regenerative 
medicine.  Further evolution toward a totally biologic organ replacement has included the 
technology known as 3D Bioprinting.   Progress toward the fabrication of a Total Bioficial 
Heart and a Total Bioficial Pancreas using 3D Bioprinting will be discussed including the 
source of autologous cells to create components of the Bioficial Organs. Finally, we are 
now exploring the use of regenerative medicine and 3D Bioprinting in space with a hope 
to bring these technologies to support long-term space exploration.   
 
Biography of Presenter  
Dr. Stuart K. Williams received his Ph.D. in Cell Biology from the University of Delaware 
followed by postdoctoral training in Pathology at the Yale School of Medicine.  During the 
period 1980 to 1990 he held a faculty appointment at Jefferson Medical College where 
he was Director of Research in the Department of Surgery.   In 1990 Dr. Williams joined 
the faculty at the University of Arizona and founded the University of Arizona Biomedical 
Engineering Program creating a research and educational link between the Medical 
School and College of Engineering. He held faculty positions jointly in Biomedical 
Engineering, Surgery, Physiology and Materials Science and Engineering.   In 2007 Dr. 
Williams was selected as the Scientific Director of the newly established Cardiovascular 
Innovation Institute at the University of Louisville in Louisville, Kentucky.  He recently 
established the Bioficial Organs Program to create human tissues and organs for clinical 
therapeutics and in vitro drug testing using a patient’s own 
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ABSTRACT 
 
Worldwide power demand (about 18 TW) will double by 2050 and triple by end of 
the century and could lead to significant increase in green house gas (CO2) 
concentration in atmosphere to > 800 ppm. In order to keep CO2 levels at 
reasonable levels, it is essential to generate electricity and fuels using non-
carbon-producing energy sources. Despite progress over the last three decades, 
many of the available technology concepts suffer from availability of materials 
and processes. So, the discovery, development, and large-scale, low-cost 
manufacturing and deployment of advanced energy materials will be a critical 
research need for the foreseeable future. 
 
The University of Louisville with the help from $20+M endowment pledge from 
Hank Conn and his wife to setup a center named as Conn Center for Renewable 
Energy Research to address the above-mentioned grand challenges. In order to 
address the energy challenges, priority must be given to concepts that are 
potentially scalable and commercializable. So, the Center’s main objective has 
been to foster development of transformational concepts and accelerate the 
translation of technology concepts from the lab to pre-commercial scale via large-
scale device prototyping. The center’s scientific and technical thrusts are devoted 
in the following areas:  Advanced Energy Materials Manufacturing and 
Characterization; Solar Energy Conversion; Power Electronics; Energy Storage; 
Biofuels/Biomass Conversions; and Energy Efficiency. 
 
In this presentation, I will highlight and review specific projects @ Conn Center 
that utilize nanoscale materials and processes toward addressing grand 
challenges in renewable energy and translational activities through 
entrepreneurship. This presentation will also review Conn Center’s state of the 
art experimental facilities over 25,000 sq.ft that could be accessed by students 
and researchers from both academe and industry.  
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PhD  in 1993 from Case Western Reserve. He did his PhD under guidance of 
Prof. John Angus on chemical vapor deposition of diamond. He worked at 
Faraday Technology, Inc. in Dayton, OH, from 1993-1996 as a Project Engineer 
before joining UofL as an assistant professor in 1996.  


His personal research interests include large 
single crystal growth of diamond, gallium nitride 
and bulk quantities of nanowires, solar cells, Li 
Ion batteries, and water splitting. He has 
published over 150 articles in refereed journals, 
four book chapters, and was awarded over 25 
U.S. patents. He co-authored a book entitled 
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He was awarded the Ralph E. Powe Junior Faculty in Engineering award in 1999 
and NSF CAREER award in 1999. In 2002, the Louisville Magazine placed him in 
the list of top 25 young guns in the city of Louisville. In 2009, he received the 
UofL President’s distinguished faculty award for research and United Phosphorus 
CDS Award from the Indian Institute of Chemical Engineers in 2009. He has 
been named as Fellow of Kentucky Science and Engineering Foundation in 
2017. His research work was cited about 8000 times with an h-index of 44. His 
work resulted in over twenty US patents. He graduated over 20 M.S/M.Eng and 
20 PhD students who found successful careers in academia as faculty at 
institutions such as RPI, Texas A&M, U of Tulsa, IIT - Hyderabad and in Industry 
such as Intel, HP, Veeco, Applied Materials, and Lexmark, etc.  


He founded Advanced Energy Materials, LLC (AdEM) in 2010 to 
commercialize his technology on scalable manufacturing of nanowire based 
materials for catalysts, batteries and absorbents. Prior entrepreneurial activities 
include founding an IT training and consulting company, Indacle Software, Inc.in 
1995 and a lead acid battery manufacturing unit, Chemener Batteries LTd., in 
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serves on the editorial boards of Nanotechnology and Nature Scientific Reports. 
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Workforce Education and Training for production of Additive Metals 
Edward C Tackett 


 
Abstract 
What does it take to have a fully trained workforce in Additive Metals Production? This presentation and discussion will 
address some of the efforts in workforce education and training. As additive manufacturing transforms the engineering 
and manufacturing industries, the broader manufacturing workforce is struggling to adapt to the rapid pace of change 
and the expanding knowledge and skill sets needed to be successful. Because AM represents a paradigm shift in design 
and production, well-trained talent (engineers and technicians) are critical to maximizing this technology. AM 
innovations in materials and technologies demand new skills and capabilities, both technical and managerial. Yet many 
of these innovations have outpaced the ability of the broader manufacturing workforce to adapt 9 out of 10 
manufacturers are struggling to find the skilled workers needed. This shortage is impacting production, quality, 
innovation, and growth. Understanding the needs and developing a workforce education and training strategy can help 
to bridge the AM talent gap.  


 
Biography  
Ed Tackett is the previous Director of the National Center for Rapid Technologies, RapidTech 
(NSF DUE ATE 1104305). He began his technical career in 1983 with the U.S. Navy, working 
on several special projects for the Chief of Naval Operations in Anti-submarine warfare and 
Combat Air Intercept. Mr. Tackett was active in the military intelligence and counter-
terrorism intelligence community as well as shipboard air warfare (AW) operations for 
Commander Task Group 76.4. He has designed and developed the additive manufacturing 
infrastructure for the San Diego Technology Incubator, Center for Applied Competitive 
Technologies (CACT) in San Diego, CA, the RapidTech National Science Foundation Center at 
the University of California Irvine, King Fahd University of Petroleum and Minerals in 
Dhahran, Saudi Arabia, and the Additive Manufacturing Competency Center at the 
University of Louisville. His projects have included funding through the Department of 
Defense’s Technology Reinvestment Program (TRP), the Department of Commerce’s 
National Institute of Standards and Technologies (NIST) lab builder program, National Coalition of Advanced Technology 
Centers (NCATC), the Center City Development Corporation (CCDC), National Science Foundation ATE program (NSF-ATE), 
California State Chancellors Office Industry Driven Regional Collaborative (IDRC). He has over 25 years’ experience in 
technology management in the additive manufacturing, economic development and education. He has been involved in 
several patent research and product design efforts through his tenure with the San Diego Technology Incubator, the 
Centers for Applied Competitive Technologies at San Diego City College and the National Science Foundation Center 
RapidTech. He has authored customized training guides, curriculum, instructional support materials and process guides 
for several of the major AM equipment manufactures and has close relationships with equipment vendors and industry 
insiders. He is currently the Director of Educational Programs AM at the University of Louisville Additive Manufacturing 
Competency Center. The Additive Manufacturing Competency Center offers advanced training for AM professionals. The 
AMCC is a fully equipped learning laboratory that includes the latest AM technologies, machining, metrology and powder 
handling systems. 
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Abstract 


Microelectromechanical systems (MEMS) are miniature devices built using 


microfabrication technology. The silicon substrate of most MEMS devices is a non-flexible 


material which cannot bend to conform to the human body. If MEMS sensors were 


engineered to move with the body, wearable technology could track human movement 


better. The ability to place sensors on moving surfaces would increase spatial density 


and sensitivity to local forces for higher resolution data collection. While some MEMS 


packages are small enough to be easily placed on the skin, the gathered data is limited 


by the non-conforming shape of the devices. Stretchable semiconductor circuits have 


recently been developed, but they are distorted when stretched, so there is also an 


emerging need for connectors that tolerate extreme deformation. Our approach to such 


a system involves transferring thin MEMS devices from silicon wafers to soft, breathable 


fabrics using a "pop-up" process based on strain engineering. Because fabric-based 


construction is done by cutting and patching deformable materials, our target circuit is a 


diode array that can extract power from random placement on a contact grid. Toward this 


goal, we demonstrate that porous fabrics are compatible with pop-up MEMS processing, 


leading to devices that successfully release underneath the fabric and interact with it 


mechanically.  We investigate the relationship between the devices' radius of curvature, 


layout, fiber diameter and fiber pitch, and the quality of the resulting connections. Results 


show that it is indeed possible to integrate fabrics into MEMS packaging, rendering 


comfortable, porous MEMS and microelectronic devices a possibility.  
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Abstract  


One of the major challenge in industrial application of Fused Deposition Modeling (FDM) 


3D printing method is anisotropic properties in the printed parts. Engineering products 


vastly used in various forms such as machine tools, cars parts, ships and aircrafts must 


present uniform mechanical properties in all directions.  A set of in-process techniques 


which address this problem by understanding the physics of the process must be 


developed. The purpose of this study is to mitigate FDM printed parts anisotropy and 


enhance adhesion strength by locally applying acoustic energy to the printed polymer 


tracks during deposition. Experimental results indicate improvements in the inter-layer 


bonding in printed parts; in that, adhesion strength depend on printing speed, substrate 


temperature and factor of polymer influx.  
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3D Printing at HP: Driving Manufacturing Transformation 
David Woodlock1 and David Tucker1 


1Hewlett Packard 
 
Abstract 
Additive manufacturing will change the way we do business. At HP, we recognized early on that 
the best opportunity to understand what it takes to move 3D printing into true full scale production 
was to do it ourselves, so we started incorporating it into the manufacturing of HP’s own products. 
In this presentation we will walk through that journey to date. It has required change management 
across businesses, job functions, and all levels of the organization. Along the way we’ve had to 
rethink how we design parts, set up our supply chains, and manage product development. We’ll 
share the strategies and tools we’ve developed to manage production more efficiently when using 
a flexible manufacturing platform. We’ll present case studies for the value we’ve created using 
additive manufacturing in production and other use cases. Maybe most importantly, we’ll show 
the changes is design thinking amongst our engineers, as they have begun to explore the 
possibilities of additive manufacturing.  
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Abstract (in 12 Pt Arial Font) 


Scanning probe microscopy techniques can obtain images of cell topography at 


nanoscale resolution by dragging a physical probe near, or directly on, the cell 


membrane. Vertically-protruding cell extensions can cause the probe to break and/or 


lead to cell damage. Hopping probe ion conductance microscopy (HPICM) deals with 


complex surfaces by retracting the nanoprobe away from the sample before moving to a 


new X-Y coordinate. This strategy, however, significantly increases the imaging time 


and leads to motion artifacts when a live cell moves or exhibits nanoscale surface 


changes during imaging. To increase the imaging speed of our HPICM setup we 


performed several hardware and software modifications. First, we replaced the Z-


scanner for one with 10X higher resonant frequency (~18kHz) to allow for faster 


retraction and approach movements. Second, we added an external proportional-


integral-derivative controller to decrease the reaction time of the Z scanner (down to 


~50μs). Third, we implemented an “adaptive” approach that significantly increased the 


speed of imaging and also reduced the noise floor by half. Our improved HPICM setup 


has a Z resolution of ~5nm, an X-Y resolution of ~10nm, and 3-4 times faster imaging 


speed. This new setup has allowed us to image live cells with complex topography, 


such as the sensory cells of the inner ear (which have stereocilia that protrude up to 


~3μm in height and are only ~100-400μm in diameter) without causing any cell damage, 


even after several hours of continuous time-lapse imaging.  
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R01DC014658 (G.I.F). 
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The NSF NNCI KY Multiscale Manufacturing Site – Open for Business 
Kevin Walsh1 and Todd Hastings2 


1University of Louisville, College of Engineering 
2University of Kentucky, College of Engineering 


 


Abstract 


The Kentucky Multiscale Manufacturing site 


is part of the National Science Foundation’s 


prestigious National Nanotechnology 


Coordinated Infrastructure (NNCI) network. 


The goal of this 16-site national network is to 


provide state-of-the-art advanced 


manufacturing capabilities to industry, start-


ups and academia all throughout the United 


States.  The state of Kentucky was selected 


among over 100 applicants in 2016 to become part of this comprehensive NSF initiative. 


KY Multi-scale is a collaboration between UofL and UK focused on integrating advanced 


manufacturing technologies over widely different length scales. KY Multiscale combines 


micro/nano fabrication processes with the latest in 3D printing and additive manufacturing 


to allow researchers to explore nanotechnology solutions to real-life problems in important 


areas such as healthcare, energy, the environment, communication, and security. KY 


Multiscale is the first open-access user facility nationwide with a focus on 3D micro/nano 


fabrication and true multi-scale integration.  In addition to having access to sophisticated 


tools and expertise, KY Multiscale conducts novel research addressing multi-scale 


manufacturing and integration challenges with a particular focus on the interfaces 


between different length scales, materials and manufacturing processes.  


 


Biography 


Kevin Walsh is the Associate Dean of Research for the Speed 


School of Engineering.  He is also the Fife Endowed Professor 


of Electrical and Computer Engineering and the founder of the 


UofL Micro/NanoTechnology Center, which is part of the NSF 


NNCI. Dr. Walsh has published over 150 technical papers in the 


areas of micro/nanotechnology, sensors, semiconductors, 
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over $35M of external research funding from DoD, DOE, NSF, 


NASA, NIH and industry. Prof. Walsh has 12 awarded patents 


and is the co-founder of 4 technical start-up companies.  Dr. 


Walsh has taught over 20 different courses, advised over 30 completed theses, and has 
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New Liquid Synthesis Of Solid-State Electrolytes 
For The Next Generation Batteries 


Dominika A. Ziółkowska1, William Arnold2, Thad Druffel,1 Mahendra Sunkara,1,4, Hui Wang* 1,2 


1Conn Center for Renewable Energy Research, University of Louisville, USA 
2 Mechanical Engineering Department, University of Louisville, USA 


3 Chemical Engineering Department, University of Louisville, USA 
 
Abstract  
All-solid-state batteries (ASSBs) are intensively studied as next-generation lithium 
battery systems and have made remarkable progress in recent years. Lithium 
argyrodites are relatively new and very promising class of sulfide-based lithium ion 
superconductors. They prove their high ionic conductivities and suitable electrochemical 
stability. In general, more convenient manufacturing methods for solid state electrolytes 
synthesis and their coating processing are highly desirable. Since up-to-date melt-
quenching and high-energy ball milling methods are the most common laboratory 
approaches, a study on the solution synthesis method is still a milestone. In this work, 
lithium argyrodite (Li7PS6), a promising solid-state electrolyte was synthesized using 
new liquid synthesis approach. Similarly to the ball-milling methods, the molar ratio can 
be used to obtain this product, whereas the reaction time and homogeneity of the 
material is significantly improved. The total time of the preparation does not exceed 3 h. 
This argyrodite electrolyte has the best conductivity among argyrodite materials 
prepared by liquid method, the most probably due to its purity and homogeneity. This 
material is stable in the electrochemical window up to 5 V. The quick preparation, easy 
processing, and thin film casting from a liquid phase possibility makes Li7PS6 an 
attractive electrolyte candidate in the all-solid-state battery industry. 


Biography of Presenter  
Dr. Hui Wang is an assistant professor in Mechanical Engineering Department and also 
affiliated in Conn Center for Renewable Energy Research at UofL since 2016 fall.  She 
obtained her PhD in Materials Science and Engineering at Michigan Tech University in 
2013, and then joined Oak Ridge National Laboratory as postdoc. Hui’s research 
interests are advanced solid materials for energy storage devices (i.e. batteries).  


                                                                                                             








Degradation Testing of 3D Printed, Anti-HIV Drug Delivery Devices  
Corinne Warlick1, Dr. Kunal Kate2, the presenter’s name is Corinne Warlick 
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2Dr. Kunal Kate: University of Louisville 


 


Abstract (in 12 Pt Arial Font) 


The creation of drug delivery devices through 3D printing offers benefits that include 


personalized dosage, device size, and controllable degradation. While 3D printing in drug 


delivery has largely focused on uses in tissue scaffolding, little work has been done in 


intravaginal devices for reproductive health. This project focuses on the creation of 


intravaginal drug delivery devices using polymer blends of polylactic acid (PLA) with 


polyethylene glycol (PEG) mixed with tenofovir disoproxil fumarate (TDF), an anti-HIV 


medication. This work explores controllable degradation in drug delivery devices using 


two different properties: materials and surface area. For testing, three different devices 


were designed, each with increasing surface area, and printed using two different polymer 


blends with different degradation profiles. Each device was tested for degradation rate 


using two different methods, depending on whether it was loaded with TDF or not. 


Devices containing TDF were tested for drug efficacy and loading, and the devices 


without TDF were tested for degradation rate using UV-Vis spectroscopy and PBS. Based 


on the different device designs and material, we predict that the devices containing less 


PLA and the most surface area will degrade the fastest. By changing these two factors, 


degradation rate can be controlled. If successful, this research will continue in testing 


different degradation rates using different blends and surface areas in addition to scaling 


up the devices for potential human uses. 
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Corinne Warlick is an undergraduate student attending Western Kentucky University 


studying chemistry with certification through the American Chemical Society. She is very 
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Department of Electrical and Computer Engineering, University of Louisville, danming.wei@louisville.edu 


 


Abstract 


The goal of this research is a development of the system of the laser light powered 


microrobots that can accomplish precision Nano-scale positioning and manipulation 


tasks. This study will provide fundamentally new knowledge for programming 


multiactuator locomotors with a single beam, using differential responses of the robot 


limbs to generate muIti-legged gaits. New photo-thermo-mechanical models for the 


microrobots are formulated, along with proposed new learning control algorithms suitable 


for physical inter-robot cooperation. To validate the models and control schemes, a 


unique hardware infrastructure is being prototyped and experimentally demonstrated to 


drive and test laser-powered microrobots. One type of such a microrobot has flexure legs 


that can accomplish controlled “stick-slip” motion over a dry surface using a single laser 


beam, where its gait is controlled by changing laser parameters, such as intensity and 


pulse frequency. In our experiments, 532nm NdYag pulsed laser with a focused beam 


(approximately 200μm in diameter) is directed onto the robot using a 2D galvanometer 


scanning system that can be controlled using NI LabVIEW based interface. Research 


challenges include selective coatings for the robot body to increase laser energy 


absorption, coordination of the laser beam positioning with high resolution imaging, and 


the motion of the microrobot body. 
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Danming Wei was born in Shenyang, China, in 1987. He received his B.S. degree in 


Electrical Engineering from Dalian Jiaotong University, China, in 2011, his M.S degree of 
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Electrical Properties of Perovskites 
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Abstract  


Perovskites are a class of compounds that take the form of ABX3 in which A and B are 


cations and X is an anion. Hybrid perovskites are perovskites that consist of an organic 


and inorganic atom. Perovskites are studied because they have been shown to have a 


high propensity for ionic conduction and have excellent electronic transport properties. 


This experiment studies the effects of gas and light on electronic properties of 


perovskites. The perovskites were made by hot casting technique with methyl ammonium 


and lead iodide. Afterwards a finger pattern of gold contacts was deposited onto the 


perovskite surface. The ac current resulting from a chopped light source incident on the 


sample surface was measured. A finite current was observed at zero bias showing that 


the perovskite has a built-in electric field driving current flow. It behaves as a ferroelectric 


material. A scan of current vs. wavelength showed a turn on at the wavelength 


corresponding to the band gap energy. Measurements at fixed wavelength as a function 


of dc bias were done to determine the built in potential. When the sample was exposed 


to gas, the built-in potential shifted, showing that the gas exposure modified the 


ferroelectric properties. The shift increased when the sample was exposed to a bright 


light source.  It is known that perovskites expand under light exposure so it is possible 


that the combination of light and background gas allows gas diffusion into the sample, 


modifying the built-in field.   
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Fabrication of Nanoscale Columnar Diodes by Glancing Angle 
Deposition 


Jacob Weightman​1​, Kevin Walsh​2 
Macalester College: St. Paul, MN 


University of Louisville: Louisville, KY 
 
Abstract 
Glancing angle deposition (GLAD) is a process in which thin films are deposited onto a 
substrate with obliquely incident vapor together with precisely controlled azimuthal 
substrate rotation. Ballistic shadowing effects due to the oblique incidence produce 
nanoscale structures, and a variety of morphologies, including tilted columns, helices, 
chevrons, and vertical columns can be achieved. Due to this control of morphology and 
the compatibility of the process with a wide variety of materials, GLAD films have found 
applications in fields such as sensing, photonics, photovoltaics, and catalysis, where 
they are predominantly used as coatings with tunable optical, mechanical, and chemical 
properties. However, there has been little work regarding its use for the fabrication of 
electronic devices. GLAD films are promising in this respect because it would be a step 
toward fabrication of nanoscale integrated devices without lithography. We propose a 
method for fabricating vertically-aligned, columnar Schottky diodes by GLAD. We then 
fabricate such a device using electron beam evaporation of chromium onto a silicon 
substrate, with chromium and aluminum contacts, and characterize these devices by 
SEM and I-V curve measurements and compare them to planar diodes of the same 
materials. 
 
Biography of Presenter 
Jacob Weightman is an undergraduate student at 
Macalester College, where he is pursuing a double major 
in physics and computer science. He did a research 
project last summer on ultrafast time-resolved terahertz 
spectroscopy measurements of solution-processed 
perovskites for photovoltaics at Macalester College with 
Dr. James Heyman. He has also worked on the 
construction of a photoluminescence spectrometer for 
characterization of GaN. 
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      Welcome from the 2018 KY Nano+AM Symposium Chair
 


 


 
 
 
On behalf of our Organizing Committee and Technical Chair, it is my pleasure to welcome you to the 2018 KY Nano+AM 
Symposium being hosted at the beautiful Speed Art Museum on the campus of the University of Louisville. This 
interdisciplinary 2-day symposium brings together users, researchers, and leaders from industry, government, and 
academia in the advanced manufacturing fields of additive manufacturing, 3D printing, micro/nanotechnology and MEMS 
to discuss new findings, share results, promote applications, debate the future, and network with one another.  Over the 
course of the next two days you will have the opportunity to a) hear exciting talks from 5 nationally-renown keynote 
speakers, b) listen to inspirational comments from special guests including Louisville Mayor Greg Fischer, UofL President 
Neeli Bendapudi and Speed School Engineering Dean Emmanuel Collins, c) enjoy over 40 technical talks and poster 
presentations, d) participate in panel discussions lead by experts in their fields, e) tour state-of-the-art university core 
facilities open to the public, f)  enjoy fantastic food provided by Wiltshire Pantry, and g) reacquaint with old friends and 
make new professional contacts.  
 
We thank the financial assistance of our valuable sponsors and patrons listed in the Symposium Proceedings.  Without 
their help, the registration fee would not have been so modest.  Finally, I wish to personally thank the hard work of our 
Organizing Committee, and especially acknowledge the long hours put into this effort by Ana Sanchez, Jacqui Smith and 
Prof. Shamus McNamara. 
 
 
Sincerely, 


 
Kevin Walsh 
Symposium General Chair 








Characterization of Self-Assembled Nanostructures from Evaporated 
Drops of Bourbon Whiskey 


Stuart J. Williams1, Sabina Islam2, Mohamed Z.A. Rashed1, and Orlin Velev2 
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2Chemical Engineering, North Carolina State University, Raleigh, NC 


 
Abstract  
A vibrant pattern of self-assembled microstructures 
appears when you evaporate a drop of diluted bourbon 
whiskey on a glass surface. For example, the shown 


figure is the resulting pattern of an evaporated 2.0 L 
drop of Jack Daniel’s Single Barrel diluted to 25% 
alcohol-by-volume. Over forty bourbons have been 
tested and each have resulted in this “whiskey web” 
pattern. Interestingly, each droplet appears to provide its 
own unique “fingerprint” and is influenced by the intrinsic 
properties of the bourbon (maturation, mash bill, etc.). 
Our group has investigated how these structures can be 
used for counterfeit identification. First, non-bourbon whiskeys (that we’ve tested to date) 
do not form this structure. Second, a custom image analysis program can determine if the 
web was altered by dilution. Last, digital images can be acquired using a smartphone. 
We believe structure formation is guided by microfluidic vortices induced by gradients in 
temperature and surface tension (Marangoni flows). Our group has used various 
characterization tools at the University of Louisville to gain insight into the structure and 
chemical composition of these microstructures. Results suggest that assemblies are 
derived from interactions of fatty acid micelles along with other solubilized constituents.  
 
Biography of Presenter 
Dr. Stuart J. Williams is an Associate Professor in the Department of Mechanical 
Engineering at the University of Louisville. He is a native of 
Louisville, graduated from the J.B. Speed School of 
Engineering (B.S, M.Eng. ’05) before attending Purdue 
University (Ph.D. ’09) under the support of the NSF Graduate 
Research Fellowship Program. Dr. Williams’ ongoing research 
activities include the manipulation of colloids for their 
characterization and self-assembly. His work has been 
featured on the cover of various journals (Electrophoresis, Lab 
on a Chip, Biotechnology & Bioengineering). His current 
research is supported by NSF and NASA, the latter 
investigating colloid interactions under microgravity on the 
International Space Station.  








Additive Manufacturing and its Economic Impact on Kentucky 
Eric Wooldridge, PE, RA 


Somerset Community College, KCTCS 
 


Abstract 
Additive manufacturing has quickly moved well beyond the novel approach of rapid 
prototyping to become a force of production. New advances in generative design and 
optimized topology made possible only by the accessibility of additive manufacturing are 
just a few of the driving factors causing this trend. Yet, many business owners and industry 
developers are unaware of the financial scale and speed with which this transformation is 
occurring. Kentucky’s export life blood is in both aerospace and automotive production, so 
the significance of this transition and the opportunities it represents are paramount to 
decision makers. This presentation will show the current financial impacts of the additive 
production transition in and around Kentucky and highlight some of the primary reasons for 
it. The presentation will also include trends and techniques of using low cost additive 
manufacturing equipment for end use part production and the impressively small startup 
costs possible to facilitate such transitions. The concept of the “Constant Beta,” a 
production and business methodology made possible only by additive manufacturing, will 
also be discussed. Kentucky manufacturers, educators, and industry leaders need to know 
this information so that they can begin to address their potential losses, as well as the 
opportunities for gains.  
 
Biography of Presenter 
Professor Wooldridge is a Registered Architect, a Professional Engineer in multiple 
disciplines including Architectural, Mechanical, and Manufacturing systems, and holds 
multiple patents related to consumer cooler technology. A fourth generation cattle farmer, 
he also owns two private engineering and design firms and has designed buildings and 
systems all across the central and southern regions of Kentucky. Eric Wooldridge is also 
licensed by the ATF for explosives, their handling, and detonation, as well as providing 
consulting design and engineering services for weapons manufacturers. He teaches 
courses in additive manufacturing, pre-engineering, parametric 
design, and workforce leadership at Somerset Community College 
(SCC), where he serves as faculty and PI on NSF, KCTCS TRAINS, 
and USDA grant projects. Professor Wooldridge created KCTCS’ 
first statewide 3D printing technician certificate program, manages 
SCC’s 3D printing lab, and is developing a variety of new 
applications and techniques to help Kentucky businesses integrate 
additive manufacturing into their production and business models.  








Microfabrication and Characterization of AlGaAs/GaAs Heterojunction 
Bipolar Transistors (HBTs) 


 
Qingzhou Xu 


Department of Engineering and Technology Management, Morehead State University, KY 40351 
 
Abstract (in 12 Pt Arial Font) 
This presentation reports development of AlGaAs/GaAs HBTs. Semiconductor 
processing techniques, such as photolithography, wet etching, sputtering, E-beam 
evaporation, PECVD and RIE, are used to realize the mesa structures of HBTs. Metal 
layers are deposited by E-beam evaporation and patterned by a photoresist lift-off 
process. Emitter, base and collector are formed by wet or dry etching. Dielectric layers 
are deposited by high-density plasma and patterned by RIE. Because it is critical to 
obtain high-quality ohmic contacts on thin p-type bases, a comparative study is 
conducted on the influence of three barrier metals, Ni, Pt, and Pd, on the AuBe contact 
resistance and stability. Au-induced spiking is a great concern when the base layers are 
thin (< 1000 Å), and a thin AuBe layer of 400 Å is used in this research to limit the 
amount of Au so as to prevent the occurrence of deep Au spikes. In the same time, the 
thin AuBe layer also helps prevent excessive Be atoms from diffusing into the base 
layers, which may cause a change in the base thickness and a location shift of the b-c 
junction. AuBe is found to lack sufficient adhesion on GaAs, and a large proportion of 
AuBe contacts are lost during a photoresist lift-off process. A thin Ti layer is used to 
enhance adhesion, and its effect on the AuBe ohmic contact resistance is investigated. 
The HBTs exhibit excellent linearity with low offset and knee voltages. 
 
Biography of Presenter (in 12 Pt Ariel Font) 
Xu received his B.S. degree from Harbin Institute of Technology in China in 1989, his 
M.S. degree from Beijing University of Science and Technology in 1992, and his Ph.D. 
degree from University of California, Irvine in 2000, all in materials science and 
engineering. He worked as an engineer in the Chinese Academy of Science Mechanics 
Institute and the Chinese National Engineering Center of Composites, both in Beijing, 
China, and the RF Integrated Corporation in California. His early experience includes 
structural materials (light alloys and refractory metals), engineering functional materials 
(hard/soft magnetic materials, hydrogen-storage materials for rechargeable battery and 
non-lead soldering materials) and thin films. His recent experience is 
mainly on semiconductor materials and processing, III-V compound 
device passivation, high-speed transistor (HBTs and HEMTs) 
processing and characterization, and MEMS. His current interests 
focus on solving the reliability issues in RF MEMS switches and III-V 
compound transistors as well as developing novel nano-layered and 
nanostructured materials.  








A Piezoresistive MEMS Memory Device Using a Buckled Beam 
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Abstract 
Microelectronics and microelectromechanical systems (MEMS) have given rise to a large 
class of new devices, from ultra-miniature sensors for cell phones and automobiles to 
complex memory devices for computers. Recent research in memory devices has largely 
focused on designing new non-volatile forms of electronic memory; however, a MEMS-
based memory device has not been proposed in the literature. This work presents a novel 
MEMS memory device using an asymmetrical, bistable buckled beam. Relying on well-
known MEMS structures and the piezoresistive effect, the MEMS memory model was first 
conceptually designed, then optimized for signal strength using CoventorWare finite-
element modeling. In the optimization process, various aspects of the device’s geometry 
were ranked in order of magnitude of influence on the device’s output signal strength, 
then optimized based on their importance. Simulation results indicate that the optimized 
device can generate signals up to 5.5uV with a supply voltage of 2.5V, a 27.5x 
improvement over the initial design. The length and width of the beam were found to be 
the most influential factors in controlling the signal output: increases in beam width lead 
to significant increases in signal when paired with the corresponding beam lengths. 
However, large beam widths caused the beam to buckle into higher-order modes when 
the beam was short, leading to sharp decreases in signal. Other geometric factors had 
only minor impacts on signal strength. The MEMS memory device paves the way for 
future low-power, radiation-hard MEMS memory models. 
 
Biography of Presenter 
Jerry A. Yang is a third-year electrical engineering honors 
student at the University of Texas at Austin. His current 
technical cores are integrated circuit design and 
nanotechnology. He is a student member of the Institute of 
Electrical and Electronics Engineers as well as the 
American Society of Engineering Education. At UT Austin, 
he has served as a teaching assistant in courses on digital 
logic, embedded systems and computer architecture. His 
engineering interests include micro/nanofabrication, 
MEMS systems, digital logic design, embedded systems 
and microcontrollers. His non-engineering interests include 
STEM/engineering education and LGBTQ+ studies.  








Exploring structural metamaterials: From single to multiple scales 
Li Yang1 


1Department of Industrial Engineering, University of Louisville, Louisville, KY 40292 


 
Abstract 
This presentation provides a review of some of the current research status and issues 
with structural metamaterials. Structural metamaterials exhibit mechanical properties that 
are often unattainable from traditional materials, which if intentionally designed could 
achieve significant performance enhancement with structures. The outstanding potentials 
of the structural metamaterials have been demonstrated in many literature, and in many 
cases the structures exhibit hierarchical features that cross multiple dimensional scales. 
The effective design and realization of these structures require both thorough 
understanding of the structural design principles and the utilization of multi-scale 
manufacturing technologies, which are still largely unexplored. From the design 
perspective, traditional design theories such as cellular structure designs are relatively 
well-established on single scales, but knowledge is still lacking on how the designs on 
multiple scale levels interact with each other and how the overall properties of the 
metamaterial can be effectively determined. From the manufacturing perspective, even 
though the rapid evolution of additive manufacturing has enabled unprecedented 
geometry design freedom, its unique manufacturability challenges and material 
characteristics have yet to be adequately understood for the design of metamaterials.  
 
Biography of Presenter (in 12 Pt Ariel Font) 
Dr. Li Yang is an Assistant Professor in the Department of Industrial Engineering at 
University of Louisville. Received his Ph.D. degree in 2011 from the Department of 
Industrial and System Engineering at North Carolina State University, and master’s and 
bachelor’s degrees both in Department of Mechanical Engineering at Tsinghua 
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post-process designs, as well as the potentials of additive 
manufacturing in previously unexplored application areas such 
as multi-scale dimensions, novel materials and multi-physics 
functionality. Dr. Yang received the Emerald Engineering 
Outstanding Doctoral Research Award in 2013, Best Paper 
Award in 25th International Solid Freeform Fabrication (SFF) 
Symposium in 2014, International Outstanding Young 
Researcher in Additive Manufacturing Award in 2016, and BASF 
3D-Printing Design Contest Winner Award in 2018. 
 
 
 








Reduced-Order Dynamical Models for Microrobots Driven By Laser Light 
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Abstract 
The objective of this research is to develop a general modeling framework for the description of 
laser light powered microrobots. The microrobots considered in this study are fabricated using 
Micro Electro Mechanical Systems (MEMS) technology. They consist of a “body”, a set of 
actuated “legs”, and other payload components. Microrobots are propelled (actuated) using 
laser light. Some of the actuation schemes considered in this study are based on the photo–
thermo–mechanical process: upon laser light absorption, thermal expansion of the material is 
induced, which in turn initiates the motion of the structure (chevron or pseudo rigid beam 
structure). Control of the microbots’ velocity can be realized through variation of the laser beam 
parameters: wavelength, intensity, duty cycle, repetition rate, size of the beam, and its position 
relative to the robot’s structure. Finite Element Analysis (FEA) simulation and reduced-order 
modeling methodologies have been applied to develop a photo–thermo–mechanical model of 
the microrobots. The FEA model (based on ANSYS simulation software) is compared with a 
lumped model implementation in MATLAB, as well as with experimental results.  Models follow 
the steps of the photo–thermo–mechanical process: laser light absorption in the robot’s surface, 
heat generation, transfer, thermal expansion, dynamic motion generation, and stick-slip motion. 
Reduced order models based on the thermodynamic equations are constructed by analogy to 
the electric RC circuit – represented by thermal resistance, and thermal capacitance 
respectively. Those thermal components can be used to obtain temperature maps of the 
microrobot, and then can be utilized in a mechanical dynamic model (robot’s components 
motion, and stick-slip propulsion). Proposed reduced-order models for microrobots can be 
implemented in the development of other systems of different classes, e.g., controllers. On the 
other hand, the presented reduced-order models, with a description of its development, can help 
illustrate and navigate the tradeoffs between modeling precision and computational complexity.  
 
Biography of Presenter 
Zhong Yang was born in TianJin, China, in 1989. He received his B.S. degree in Electronic 
Science and Technology from TianJin University, China, in 2012, and his M.S. degree of 
Electrical and Computer Engineering from University of Arizona, Arizona, in 2016. Currently, he 
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Hands-on Solar Cell Fabrication Experience 


Jerry Yang1,2, Xiaojin Wang2, Doug Jackson2, Kevin Walsh2 
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Abstract 
The rapid rise of nanotechnology and its applications has established the field of 
nano/micro-electronics as a potential career path for current and future scientists and 
engineers. As such, there has been a growing need for current nanotechnology 
professionals and educators to develop materials, activities, projects and curricula that 
introduce basic concepts of the field, such as modeling, fabrication and testing, to a 
diverse audience. To help address this need, our group developed a highly-concentrated 
10-day hands-on solar cell laboratory experience geared toward undergraduate learners. 
This talk presents the details of that cleanroom experience from design to fabrication to 
testing. In the fabrication stage, highly-doped p-type silicon <100> wafers are processed 
by photolithography and thermal oxidation to create the solar cell mask. The wafers are 
then doped with phosphorous through thermal diffusion, creating pn-junction diodes on 
the front side. Aluminum with 1% silicon is sputtered on the backside of the wafer to create 
an electrical contact, and then sputtered on and lifted off the front side to create electrical 
contact pads for each solar cell on the wafer. In the testing stage, the wafer is diced, and 
the individual solar cells are mounted onto a PCB (printed circuit board) with attached 
wire leads for testing. The solar cells can then be placed under a light source such as a 
solar simulator to measure their IV curves and efficiencies. The solar cell fabrication 
project gives learners an in-depth, hands-on experience in fabrication and testing that can 
serve as an introduction to micro/nanomanufacturing, cleanroom facilities and the 
principles of nanotechnology. 
 
Biography of Presenter 
Jerry A. Yang is a third-year electrical engineering honors 
student at the University of Texas at Austin. His current 
technical cores are integrated circuit design and 
nanotechnology. He is a student member of the Institute of 
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American Society of Engineering Education. At UT Austin, 
he has served as a teaching assistant in courses on digital 
logic, embedded systems and computer architecture. His 
engineering interests include micro/nanofabrication, 
MEMS systems, digital logic design, embedded systems 
and microcontrollers. His non-engineering interests include 
STEM/engineering education and LGBTQ+ studies.   








Fabrication and Characterization of Hydrophilic Electrospun Fibers 


that Incorporate Probiotics against Bacterial Vaginosis Infection 
Longyun Zhang1, Jill M. Steinbach-Rankins1,2, 


1 Department of Bioengineering, J.B. Speed School of Engineering; 2Center for Predictive Medicine, 


University of Louisville, United States. 


 


Bacterial vaginosis (BV) is a prominent dysbiotic condition resulting from the disruption 


of diverse vaginal microbial communities. It significantly impacts reproductive health, 


by increasing susceptibility to adverse pregnancy outcomes, postsurgical infections, 


and sexually transmitted infections (STIs). While standard treatments comprised of 


orally- and topically-applied antibiotics are initially efficacious, long-term challenges 


include frequent relapse, recurrent infection, and drug-resistance. Indigenous 


Lactobacilli have been utilized to counteract infection by the predominant BV-


associated bacteria, Gardnerella vaginalis (G. v.). The goal of this work is to assess 


the feasibility of hydrophilic electrospun fibers to viably incorporate Lactobacilli and 


provide therapeutic efficacy against G. v. in a co-culture model. 


Poly(ethylene oxide) and polyvinyl alcohol EFs were synthesized to incorporate 


L. acidophilus. Fresh and lyophilized L. acidophilus were electrospun in water, MRS 


media, and MRS with glycerol. Fiber morphology was examined with scanning 


electron microscopy (SEM). L. acidophilus viability and stability were evaluated at -


20°, 4°, and 25°C by counting colony forming units (CFUs). Antimicrobial activity was 


assessed by co-culturing L. acidophilus fibers with G. v.  


Figure 1 depicts the fiber microstructure, demonstrating high loading of L. 


acidophilus (5x107 CFU/mg) in EFs. Up to 33% of Lactobacilli remained viable post-


electrospinning, and EFs stored in 4°C and -20°C retained the highest viability (2.1 x 


106 CFU/mg EF) 30 d post-spin, while only EFs electrospun in MRS retained high 


viability at 25°C. Moreover, ~20 mg L. acidophilus fiber effectively inhibited G. v. (1x108 


CFU/ml) in soluble co-culture conditions. This study demonstrates the potential of EFs 


to viably incorporate L. acidophilus, and to provide protection against G. v. in vitro. In 


addition, conditions for post-electrospin and long-term viability and stability are 


identified.  


Figure 1. (A) Phase contrast and (B) SEM images of L. acidophilus PEO fiber. 


Scale bars = 20 µm and 2 µm, respectively. 


 


Biography: Dr. Zhang is a postdoctoral associate in Dr. Steinbach-


Rankins’ lab. He received his Ph.D. in Biology from Tennessee State 


University. His research interest is to develop a multipurpose 


drug/biologic delivery platform.  
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Partnering to Develop Healthcare Technology Solutions that Improve the Lives of the 
Aging Population 


Pamela Adams,  
DVP of Enterprise Systems and member of Kindred’s Information Systems Executive Leadership Team 


Abstract 


Pamela Adams details the operating model, and benefits of HIVE, a partnership between the post-acute 
care provider and the University of Louisville.  Ms. Adams explains how the academia relationship helps 
build a pipeline of talent, fosters innovation, and reduces traditional development costs for company 
projects, all while maintaining a fun and creative culture. 
 


Bio 


 
Pam Adams, DVP of Enterprise Systems and member of Kindred’s 
Information Systems executive leadership team, is responsible for leading all 
aspects of product strategy, development, and delivery for enterprise-wide 
applications and systems.  In 2016, Pam also assumed the lead role for 
Kindred’s innovation partnership with the University of Louisville.  Under her 
leadership, Kindred has delivered on its promise to develop healthcare 
technology solutions that improve the lives of an aging population. 
 
Ms. Adams joined Kindred Healthcare (then Vendor) in 2001 and has held a 
variety of leadership positions within the organization and has been 
responsible for numerous strategic initiatives to support the company 
growth.   In addition, she has been instrumental in leading Kindred 
Healthcare’s cloud strategy and the implementation of a standardized agile 
development framework.   
                                   
Prior to joining Kindred Healthcare, Pam spent 11 years with Aegon in various business units.  Early in 
her career she was actively involved in launching several start-up business units within Aegon, 
encompassing financial services and human resources.  There, she gained broad experience and a great 
appreciation for business operations that have been beneficial as her career developed. 
 
Ms. Adams was born in Louisville, KY where she currently lives with her husband Beau. They enjoy 
traveling, sporting events, and spending time with their four daughters and four grandchildren.  Ms. 
Adams attended the University of Louisville and Sullivan University and holds degrees in computer 
science and business administration.  She is also a certified project manager, certified business analyst, 
and certified scrum master and product owner.  
 








An Overview of the Micro/Nano Technology Center 
Julia Aebersold, Ph.D.1 


1Micro/Nano Technology Center, Speed School of Engineering, University of Louisville, Louisville, KY 
 
Abstract 
The Micro/Nano Technology Center (MNTC) encompasses the University of Louisville’s 
class 100/1000 $30 million cleanroom facility and adjoining laboratories.  The center is 
open access and supports a wide range of research initiated by faculty, academic 
institutions, start-ups, medium and large businesses around the country. Expertise 
resides in micro and nanotechnology, sensors, transducers, microelectromechanical 
systems (MEMS), advanced materials, biomedical, space, and governmental 
applications. This core facility is utilized by a wide variety of disciplines in Engineering 
along with Chemistry, Physics, and Medicine. 
 
Capabilities of the cleanroom include a full array of equipment for deposition of varied 
materials from dielectrics to precious metals, photolithography including the generation 
of photomasks, dry and wet etching and high thermal processing.  Adjoining laboratories 
include the Huson Imaging and Characterization Laboratory housing a complete suite of 
Scanning Electron Microscopes (SEM) with electron dispersive spectroscopy (EDS), 
Atomic Force Microscopes (AFM) and thermal imaging. Dicing and wire bond capabilities 
are also available to complete process offerings. 
 
Operations emphasize ease of access to the facilities, on-site fabrication services, 
protection of intellectual property (IP), a large array of capabilities and experience, online 
bill payment, competitive pricing and a business mindset. 
 
Biography  
Julia Aebersold, Ph.D., earned her doctorate in Mechanical 
Engineering from the University of Louisville in 2005.  Her research 
developed a micro-electromechanical (MEMS)-based capacitive 
bending strain sensor with a biocompatible housing for a telemetric 
strain monitoring system. Julia holds a MEng (1994) and  BS (1992) 
in Mechanical Engineering.  After earning her Ph.D. she continued 
to perform federally funded research as a Research Scientist from 
2005 until 2012 until she began managing the Micro/Nano 
Technology Center in 2012. 
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DAY 1


TIME DATE: August 1, 2018


8:00 AM


8:30 AM


9:00 AM


Session 1
TIME


Location: Grand Hall
Additive Manufacturing and 3D Printing - Part 1


Chair: Tim Gornet


Location: Speed Cinema
Academic Interactions with Industry


Chair: Matt Hawthorne and John Naber


9:45 AM
Melt Pool Analysis and Meso-Scale Simulation of Laser Powder Bed Fusion Process 


with Ti-6AI-4V Powder Particles
Santosh K. Rauniyar


The Benefits of University Partnerships 
John Gant


10:00 AM
Net-Shape Ambient Temperature Metal Addititive Manufacturing Using Acoustic 


Energy 
Anagh Deshpande


Commercialization Opportunities with the University of Louisville
T. Allen Morris


10:15 AM
Open-Architechture Metals Addititve Manufacturing: An Emerging Disruptive 


Influence on an Already Disruptive Technology
Olga Ivanova


Industry Coop Opportunities with Academia
Mary Andrade


10:30 AM
Increasing the Piezoelectric Responses of Polyvinylidene Fluroide Additively 


Manufactured Components
Niknam Momenzadeh


Capstone Opportunities for Industry
Erica Gabbard


10:45 AM Break


Session 2
TIME


Location: Grand Hall
Nanotechnology


Chair: Ali Oguz Er and John Balk


Location: Speed Cinema
Accessing University-Affiliated Research Facilities - Part 1


Chair: Todd Hastings and Dan Popa


11:00 AM
Microfabrication and Characterization of AlGaAs/GaAs heterojunction Bipolar 


Transistors (HBTs)
Qingzhou Xu


The NSF NNCI KY Multiscale Manufacturing Site – Open for Business
Kevin Walsh


11:15 AM
Characterization of Novel Microreactors for Breath Analysis


Qi Li
MicroNano Technology Center


Julia Aebersold


11:30 AM
Characterization of Self-Assembled Nanostructures from Evaporated Drops of 


Bourbon Whiskey
Stuart Williams


Rapid Prototyping Center
Tim Gornet


11:45 AM
Understanding the Photophysics, Synthesis, and Doping Effects of Graphene 


Quantum Dots
Rosemary Calabro


Conn Center for Renewable Energy Research
Thad Druffel


Noon- LUNCH
Location: Atrium


Comments by UofL Speed School of Engineering Dean
and Grand Hall
Emmanuel Collins followed by Flash Poster Presentations


1:30 PM
Keynote Speaker


3D Printing at HP: Driving 
David Tucker and David  


(Grand Hall)
Manufacturing Transformation
Woodlock, HP 3D Printing


Session 3
TIME


Location: Grand Hall
Micro-Electro Mechanical Systems (MEMS)


Chair: Stuart Williams and Qingzhou Xu


Location: Speed Cinema
Accessing University-Affiliated Research Facilities - Part 2


Chair: Julia Aebersold and Mahendra Sunkara


2:15 PM
A Microfabricated Electrochemical Sensor for Continuous, On-Site Analysis of Arsenic 


in Water
Kelsey Kaht


The University of Kentucky Center for Nanoscale Science and Engineering (CeNSE)
Todd Hastings


2:30 PM
Wireless Incontinence Monitoring System for Improved Health


Saliya Kirigeeganage
The UK Electron Microscopy Center (EMC)


John Balk


2:45 PM
Dimensional Dependence of X-Ray Radiation Damage in MEMS Devices


Pranoy Deb Shuvra


Partnering to Develop Healthcare Technology Solutions that Improve the Lives of the 
Aging Population
Pamela Adams


3:00 PM
Reduced-Order Dynamical Models for Microrobots Driven by Laser Light


Zhong Yang
First Build, GE Appliances Co-Creation Community


Larry Portaro


3:15 PM


Panel Discussion 
Navigating the Industry


Panelists: Mehdi Yazdanpanah (CEO of Nauganeedles), John Naber (Entrepreneur/UofL  
Moderated by Charles Helms (Economic  


(Grand Hall)
University Landscapes
ECE Professor) and Erica Gabbard ( (Director of Co-op and Industry Engagement)
Development Manager at Louisville Forward)


4:00 PM Break


4:15 PM Tours:  MNTC, GE First Build, RPC, Conn Center


5:00 PM


KY Nano + AM Symposium


Reception, Poster Session and Networking (Atrium and Art Terrace)
Introductory Comments by Louisville Mayor Greg Fischer


Registration and Continental Breakfast (Atrium)


Introduction and Kickoff (Grand Hall)
UofL President Neeli Bendapudi, Professor Kevin Walsh (conf chair) and Professor Shamus McNamara (technical chair)


Keynote Speaker (Grand Hall)
Transforming Entertainment Through 3D Printing/Additive Manufacturing/Materials into a Physical Reality


Jason Lopes, Production Studio Lead, Carbon


"Strengthening Industry Collaborations with Academia" 
Location: Speed Art Museum, University of Louisville



https://www.wku.edu/ogden/

http://www.kymultiscale.net/

http://en.farsoon.com/main.html

https://www.fisherunitech.com/





DAY 2


TIME DATE: August 2, 2018


8:00 AM


8:30 AM


8:45 AM


Session 4
TIME


Location: Grand Hall
Additive Manufacturing and 3D Printing - Part 2


Chairs: Tom Berfield and Tom Starr


Location: Speed Cinema
BioEngineering and Life Sciences


Chair: Jill Steinbach-Rankins and Michael Martin


9:30 AM
Materials and Process Design for Metal Fused Filament Fabrication 


Paramjot Singh


An Ultrasound-Integrated Microfluidic Platform to Enhance Intracellular Molecular 
Delivery 


Johathan Kopechek


9:45 AM
Embedding Sensing Capabilities in an FDM-Printed Object


Garrett McGrady


Fast Nanoscale Imaging of Live Cells Using an Adaptive Hopping Probe Ion 
Conductance Microscope 
A Catalina Velez-Ortega


10:00 AM
Exploring Structural Metamaterials: From Single to Multiple Scales


Li Yang


Structural and Functional Characterization of ATP Nanoliposomes with Potential for 
Accelerating Delayed Diabetic Wound Healing and Injured Spinal Cord Regeneration


Girish Kotwal


10:15 AM
Mechanistic Insights of the Acid-Catalyzed Synthesis of Diphenolic Acid as a Plastic 


Precursor for 3D Printing Applications 
Md Shahin Rahaman


BAR-Encapsulated Nanoparticles against P. Gingivalis Biofilm Formation 
Mohamed Mahmoud


10:30 AM
Vat Photopolymerization of All-Aromatic Polyimides


Jana Herzberger


Ultrasound-Enhanced Molecular Delivery to Red Blood Cells in a Microfluidic System for 
Dry Storage 


Emily Murphy


10:45 AM Break


Session 5
TIME


Location: Grand Hall
Opportunities for Industry


Chair: John Gant and Mary Andrade


Location: Speed Cinema
Processing and Fabrication - Part 1
Chair: Thad Druffel and Hui Wang


11:00 AM
Manufacturing Economic Growth


Scott Herrmann
Laser-Assisted Micro-Patterning on NiTi Shape Memory Alloys


Saidjafarzoda Ilhom


11:15 AM
Workforce Education and Training for Production of Additive Metals


Ed Tackett
Ion Channels Reconstituted in Synthetic Block Copolymers


Michael D. Martin


11:30 AM
Additive Manufacturing and its Economic Impact on Kentucky


Eric Wooldridge
Amphiphilic Janus Gold Nanoplates for Supramolecular Assembly


Emtias Chowdhury


11:45 AM
Louisville's Entrepreneurial Resources


Lisa Bajorinas
Roll-to-Roll Fabrication of Solar Cells Through Process and Chemistry Engineering


Amir H. Ghahremani


Noon- LUNCH
Keynote Speaker 


Merging Scales: Nanoscale
Mitchell Meinhold  


(Grand Hall)
Principles, Additive Technologies
CS Draper Laboratories


1:30 PM
Keynote Speaker 


Think Like an Innovator,
Dr. Angelique Johnson 


(Grand Hall)
 Act Like an Entrepreneur
CEO/Founder of MEMStim LLC


Session 6
TIME


Location: Grand Hall
Processing and Fabrication - Part 2


Chair: Xiao-An Fu and Li Yang


Location: Speed Cinema
Energy


Chair: Noppadon Sathitsuksanoh


2:15 PM
Rapid Photonic Processing of Films in Roll-to-Roll Applications


Thad Druffel
New Liquid Synthesis of Solid-State Electrolytes for the Next Generation Batteries


Hui Wang


2:30 PM
Electron-Beam Induced Deposition and Etching Using Liquids: A Path to Nanoscale 


Rapid Prototyping with Functional Materials
Todd Hastings


Novel Bio-Derived Solvents for Biofuels Production
Anwar Hossain


2:45 PM
Laser Metals Additive Manufacturing Process Simulation Software Landscape


Tim Gornet
Advanced Materials and Processes for Addressing Renewable Energy Challenges


Mahendra Sunkara


3:00 PM


Panel Discussion
Frontiers in Additive Manufacturing: 


Panelists: Jerry Grant (UofL Dental School)
Moderated by Ed Tackett   


(Grand Hall)
3D Printing the Human Body
and Stuart Williams (UofL Medical School) 
(UofL Speed School of Engineering)


3:45 PM Break


4:00 PM Tours:  MNTC, GE First Build, RPC, Conn Center


Registration and Continental Breakfast (Atrium)


Introduction (Grand Hall)


Keynote Speaker (Grand Hall)
3D Printing of Multi-Functional Structures 


Eric MacDonald, Youngstown State University and America Makes


"Strengthening Industry Collaborations with Academia" 
Location: Speed Art Museum, University of Louisville


KY Nano + AM Symposium



https://www.wku.edu/ogden/�

http://www.kymultiscale.net/�

http://en.farsoon.com/main.html�

https://www.fisherunitech.com/�
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Low-temperature and fast kinetics for CO2 sorption using Li6WO6 


nanowires 
Muhammad Zain Akram


 1
, Veerendra Atla


 2,3
, Apolo Nambo
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, Babajide Patrick Ajayi


 2
, Jacek B. 
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, Juan He
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1 Chinese Academy of Sciences (CAS) Center for Excellence in Nanoscience, CAS Key Laboratory of 


Nanosystem and Hierarchy Fabrication, National Center for Nanoscience and Technology, Beijing 


100190, People’s Republic of China.
 


2 Conn Center for Renewable Energy Research, University of Louisville, Louisville, Kentucky 40292, 


United States. 
       3 Advanced Energy Materials, LLC, 404 Production Ct., Louisville, Kentucky 40299, United States. 


 


Abstract  


Lithium hexaoxotungstate (Li6WO6) nanowires were synthesized via facile solid state 


reaction and were tested for CO2 capture application. The CO2 sorption tests on 


nanowires were performed under both dry and humidified ambience at a range of low 


and high temperatures. Under dry conditions the material was able to trap CO2 


efficiently above 430°C. A weight increment of 12% in only 60 seconds duration at 


710°C indicates ultra fast reaction kinetics. Moreover, under humidified ambient, the 


superficially activated lithium tungsten oxide was able to chemically capture CO2 in an 


exceptionally fast manner even at temperatures as low as 30-40°C with a weight 


increment of 7.6% within a time-scale of one minute. It was observed that the CO2 


chemisorption in Li6WO6 is exceedingly favored in the oxygen ambience at higher 


temperatures and in the presence of water vapor at lower temperatures. Nanowire 


morphology favors the swift lithium supply to the surface of lithium rich Li6WO6, thereby 


enhancing the reaction kinetics. Overall, high chemisorption capacities, superfast 


reaction kinetics, wide range of operating temperatures and reasonably well recyclability 


make 1-D Li6WO6 highly suitable for commercial CO2 capture applications. 


 


Biography of Presenter  


Muhammad Zain Akram is final year PhD Candidate at National Center for Nanoscience 


and Technology, University of Chinese Academy of Sciences. Currently he is working 


as a visiting researcher at CONN Center for Renewable Energy and Research at 


University of Louisville, United States.                                                 








Compressive Beam for a Bistable MEMS Memory Element 
Ana Alba1,2, Pranoy Deb Shuvra2, Dr. Shamus McNamara2 


1College of Engineering, University of Wisconsin-Madison, Madison, WI 
2Dept. Electrical and Computer Engineering, University of Louisville, Louisville, KY 


 


Abstract  


Innovations in microelectromechanical systems (MEMS) devices, micrometer-scale 


machines that combine electrical and mechanical elements,   allow for MEMS memory to 


be a viable replacement for flash memory, a memory commonly used in consumer 


electronics such as cellphones. MEMS memory based on buckled stress can be 


competitive with semiconductor flash memory, due to its similar size, smaller write 


voltage, faster write time, and smaller write energy. The design concept of this project 


includes a fixed-fixed beam that will buckle under compressive stress, either in the up or 


down direction, to write a 1 or 0, respectively. Electrodes are placed above and below the 


buckled beam for reading and writing, and a voltage pulse can be applied to the buckling 


beam, which will induce current in each electrode. The electrode closest to the beam will 


have a higher capacitance and therefore a larger current. A sense circuit can be used to 


determine the largest current produced between both electrodes, resulting in the value of 


the bit. The process flow for fabricating the device began with an oxidized silicon wafer, 


which then had titanium-tungsten (TiW) deposited onto its surface. The TiW deposition 


process had to be optimized to obtain a suitable compressive film. Afterward, 


photolithography was performed to create the desired fixed-fixed beam pattern, which 


was used to etch away at the TiW. Additionally, the use of anhydrous hydrogen fluoride 


released the beam by etching the silicon dioxide underneath it.  


Biography  


My enthusiasm for engineering sparked in the 7th grade when I was introduced to the field 


through the Math, Engineering, Science, and Achievement program at my middle school. 


I am currently studying Electrical Engineering at the 


University of Wisconsin-Madison, and I plan to study 


abroad in Spain while working towards completing a 


certificate in International Engineering. I have been 


awarded the Posse scholarship, a merit-based, full-tuition 


scholarship, as well as the Edison International 


scholarship. The College of Engineering has named me a 


Leader in Engineering Excellence and Diversity (LEED) 


scholar. In my spare time, I work as a student advisor for 


the Vice Provost of Teaching and Learning and the 


Immigration and International Issues committees. I am also 


a writer for the Wisconsin Engineer Magazine.   








Cooperative Education: Developing Your Engineering Talent Pool 
Mary Andrade, University of Louisville, Associate Director, Engineering Career Development & 


Cooperative Education  


 


Abstract  


Cooperative Education Program: The JB Speed School of Engineering is accredited by 


ABET at both the Bachelor’s and Master of Engineering degree levels and has had a 


mandatory co‐op program since its establishment in 1925. Typically starting in their fifth 


semester, students are selected by a company and then complete three rotations 


(alternative semesters) of full time work, combining concepts that they learned in the 


classroom with techniques and methods applied in industry. There is neither a contract 


for the employer nor a fee to participate. The result is a work-ready engineer that can 


have immediate impact on engineering needs. Participating companies have access to 


motivated, productive engineers who can perform entry‐level engineering tasks and free 


your experienced personnel to work on higher priorities, and trained co‐ops create a 


recruiting pipeline of new employees that have lower turnover rates.  


This presentation will provide basic information that employers need to get started with 


the co-op program. It will also include an overview of the successes that we have seen 


and considerations of starting a co-op program in your company.  


 


Biography of Presenter  


Mary Andrade is the Associate Director of the Career Development and Cooperative 


Education office at the University of Louisville JB Speed School of Engineering. She holds 


a Master of Science degree in Counseling Psychology with an emphasis 


in Vocational Psychology. Ms. Andrade oversees the 93-year-old mandatory co-op 


program placing students in more than 1,000 rotations each year in over 400 companies. 


She has more 20 years of experience in experiential education, internships, and 


cooperative education at a tier one research institution. She is an active member in the 


Cooperative Education and Internship Association, The American Society for Engineering 


Education and the National Association of Colleges and Employers.  


 


 


 








Louisville’s Entrepreneurial Resources 
Lisa Bajorinas, VP Entrepreneurship & Talent,  


Executive Director of EnterpriseCorp,  
Greater Louisville Inc. 


 
EnterpriseCorp is the entrepreneurial arm of Greater Louisville Inc – our region’s 
Economic Development organization.  At the heart of what EnterpriseCorp does every 
day is assist tech and tech-enabled startup companies, one-on-one.  We start wherever 
they are and determine how to help and guide them to their next milestone using lean 
startup methodology.  It might be teaching them customer discovery, it may be helping 
them find the resources to build their prototype, or maybe it’s connecting them to a 
potential customer, or steering them to the right source of funding.  These milestones 
pave their way to commercial success.  
  
As an entrepreneurial support organization, EnterpriseCorp assists entrepreneurs with 
business assessment, customer discovery, capital access, talent acquisition, space 
selection, strategic introductions and peer-to-peer networking. We support the culture of 
the community through educational series and recognition events. We collect data and 
convene leaders to prepare the Louisville region for the next generation of innovators. 
 
Biography for Lisa Bajorinas 
Lisa is the leader of Greater Louisville Inc.’s EnterpriseCorp, an entrepreneurial support 
organization for the Louisville region.  She is responsible for the development of 
innovation-driven, technology based companies through 1:1 consultation services 
through capital access, talent attraction, key strategic introductions, and business 
coaching. She creates and directs programs, workshops, and events that add to the 
culture of Louisville’s vibrant startup community including managing Louisville’s 
Enterprise Angels and the Vogt Awards accelerator program.  Lisa’s work has earned 
her the U.S. Economic Development Administration’s Excellence in Economic 
Development Award, and Honorable Mention from the International Economic 
Development Council’s Excellence in Economic Development Award.  Lisa’s career 
began in the online travel industry in Miami through successive positions in technology, 
software project management, and marketing and eventually led her to a product 
marketing role in Silicon Valley with BroadVision while managing a global team of 
software developers located in Nice, France. She holds a B.A. in organizational 
psychology and an MBA, both from the University of Miami (FL). 


 








The University of Kentucky 
Electron Microscopy Center (EMC) 


T. John Balk 
University of Kentucky, Lexington, KY 


 
Abstract 
The Electron Microscopy Center (EMC) at the University of Kentucky (UK) is a user center 
open to academia, government and industry. The center is part of the Kentucky node of 
the NSF-supported National Nanotechnology Coordinated Infrastructure (NNCI). Located 
in UK’s Advanced Science and Technology Commercialization Center (ASTeCC), the 
center provides training to users so they can work independently on any of our 
instruments, and center staff will also perform service work if preferred. The EMC works 
with users and customers to characterize materials using a range of microscopy and 
spectroscopy techniques that involve electron, x-ray or ion probes. Three staff members 
each have primary responsibility for particular instruments and provide guidance on 
sample preparation, characterization work and analysis of results. The EMC has recently 
acquired several state-of-the-art instruments, including a new transmission electron 
microscope, focused ion beam and scanning electron microscope, small-angle x-ray 
scattering system, x-ray photoelectron spectrometer, and biological specimen 
preparation equipment. This instrumentation supports a broad portfolio of research via 
characterization of hard and soft materials, including biomaterials, at all length scales. 
 
Biography of Presenter 
T. John Balk is William T. Bryan Professor of Materials Engineering at UK and is also 
Director of the EMC. His research areas include size effects in the mechanical behavior 
of nanoscale materials; alloy development; and novel surfaces for enhanced thermionic 
electron emission. Prior to joining the University of Kentucky, he worked as a post-doc 
and staff scientist at the Max-Planck-Institute for Metals Research in Stuttgart, Germany, 
where he focused on in-situ transmission electron microscopy techniques. He completed 
a double-major B.S. degree in Mechanical 
Engineering and Materials Science & 
Engineering (MSE) at UC Berkeley, 
followed by M.S. and Ph.D. degrees in MSE 
at The Johns Hopkins University. He is a 
past recipient of the NSF CAREER award, 
served as chair of the 2012 Gordon 
Research Conference on Thin Film and 
Small-Scale Mechanical Behavior, and was 
one of five meeting chairs for the 2015 Fall 
Meeting of the Materials Research Society. 








Microfabricated Sensor for Detection of Trace VOC’s 
Josh Brodzik1, Xian-An Fu2, and Zhenzhen Xie3 


1Department of Chemistry, Georgetown College, Georgetown, Kentucky; 
2Department of Chemical Engineering, University of Louisville, Kentucky  


 
Abstract 


 Gold nanoparticle chemiresistors can be used for early detection of lung cancer, 
diagnosing diabetes, and monitoring air quality control. Chemiresistors are sensors that 
measure a resistance change of volatile organic compounds (VOC’s) in environmental 
air. The gold nanoparticle chemiresistors are made from interdigitated electrodes which 
are made by using microfabrication techniques and are 400µm 400µm. Different thiol 
modified gold nanoparticle thin films are pipetted onto the interdigitated electrodes to 
make it possible for detection of trace amounts of VOC’s from 10 ppm to 0.1 ppm. This is 
done by measuring the resistance difference between the sensors in synthetic air and 
target VOC’s in air, such as acetone and benzene. By using a four-channel flow control 
unit we are able to dilute the VOC analyte to lower concentrations to determine the 
traceable limit each sensor can detect. By testing the limits of these sensor, we are able 
to know the sensitivity and limit of detection of each different thiol modified gold 
nanoparticle sensor. These sensors could eventually be used for sensor array or 
electronic nose in labs and homes to detect specific carcinogenic VOC’s including 
benzene and formaldehyde in the air.  
 


Biography 
My name is Josh Brodzik and I am currently an 


undergraduate student at Georgetown College 
double majoring in chemistry and physics. Previously, 
I worked with the Derby Research Group at the 
University of Minnesota on the Analysis of Bridgman 
Growth of Scintillator Crystals. This summer I am 
working with Dr. Fu at the University of Louisville on 
Microfabricated Sensors for Detection of Trace 
VOC’s. I am a current member of the American 
Chemical Society and the chemical honor society 
Gamma Sigma Epsilon at Georgetown College. I am 
a member of Alpha Lambda Delta honor society as 
well.  
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Understanding the Photophysics, Synthesis, and Doping Effects of 


Graphene Quantum Dots  
Rosemary Calabro1, Dong-Sheng Yang1, Doo Young Kim1. 


1University of Kentucky Department of Chemistry 


Abstract 


Graphene quantum dots (GQDs) are an emerging class of carbon nanomaterials that 


exhibit interesting optical properties allowing applications in photovoltaics, photocatalysis, 


light emitting diodes, sensing, and bioimaging. The photoluminescence (PL) of GQDs is 


influenced by both sizes of sp2 carbon domains through the quantum confinement effect 


and localized defect states due to surface functional groups. Therefore, it is desirable to 


produce GQDs with controlled sizes and functional groups to tune the PL. Traditional 


methods to produce GQDs suffer limitations including uses of harsh chemicals, toxic side 


products, and inhomogeneity in their sizes and functional groups. Liquid-phase laser 


ablation is a promising alternative method for GQD formation which utilizes fewer 


chemicals, forms fewer side products, requires simple purification methods, and allows 


improved control over the sizes and functional groups. During liquid-phase laser ablation, 


a solid target of carbon precursor is irradiated with a high-power, nanosecond pulsed 


laser, forming plasma plumes that expand, are cooled by the surrounding liquid, and 


condense into carbon nanoparticles. It was observed that GQDs produced through liquid-


phase laser ablation of carbon nano-onions in water resulted in a blue shifted PL, smaller 


particle size, and a larger concentration of surface hydroxyl groups, compared to those 


produced through a traditional chemical oxidation method. PL lifetime results from time-


correlated single photon counting measurements indicate that surface functional groups 


are the primary source of radiative deactivation while sp2 carbon domains are weakly 


emitting. Alternative precursors, such as biomass and petroleum coke, can be used for 


GQD formation. Moreover, the laser ablation method can directly incorporate nitrogen 


atoms from solutes in the liquid into GQDs, allowing for fast nitrogen doping which tunes 


the PL, adds new catalytic sites, and increases the PL quantum yield.  


 


Biography of Presenter  


Rosemary Calabro is a PhD candidate in the Department of Chemistry at University of 


Kentucky. She received her Bachelors of Science at Indiana University where she 


researched iron oxide based bimetallic nanoparticles under the advising of Dr. Lyudmila 


Bronstein. She joined the University of Kentucky in 2014 and is 


advised by Dr. Doo Young Kim and Dr. Dong-Sheng Yang. Her 


research interests include physical-materials chemistry with an 


emphasis on photoluminescent carbon materials, upconverting 


nanomaterials, and applying liquid phase-laser ablation as a new 


method to produce nanomaterials.   
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1Chemical Engineering Department, University of Louisville 
2Conn Center for Renewable Energy Research, University of Louisville 


 


Abstract 


III-V semiconductor materials have been successfully used in power electronics, solar 


cells among different applications due to their tunable bandgap and the possibility to grow 


low-defect epitaxial films though Metal Organic Vapor Deposition or Molecular Beam 


Epitaxy, achieving materials with long charge carrier lifetimes and high mobilities.  


The current challenge remains in the development of less expensive synthesis methods 


yielding higher growth rates while maintaining the high-quality characteristics or the afore 


mentioned methods. Halide Vapor Phase Epitaxy has shown good results when used for 


the synthesis of GaN and GaAs exhibiting growth rates in the order of microns per hour 


at near to atmospheric conditions, and therefore has been chosen as the focus of this 


study for the development of a ternary alloy, made by the incorporation of Antimony in the 


Gallium Phosphide lattice, as previous studies have shown this ternary alloy has a tunable 


bandgap, ranging between 1.7eV and 2.2 eV dependent on composition, making it  


suitable for solar cells or photoanodes in water splitting. 


Our experimental results show that the growth mechanism of GaSbP is dependent on 


processing variables, such as the substrate temperature and the Ga/PCl3 ratio, and the 


simulations using the Chemkin module of Ansys Pro, have been useful to determine that 


the halide phase species are in supersaturated condition and most likely responsible for 


the growth, while the predicted growth rates are in the same order of magnitude of the 


films obtained experimentally. 


 


Biography of Presenter 


 


Sonia obtained her bachelor's and master's degrees in Chemical Engineering from 


Universidad del Valle and Universidad de los Andes in Colombia, respectively. During her 


Master she began studying semiconductor materials for solar water splitting, as 


renewable energy resources have always been of interest for 


her. In 2016 she joined the CVD Group to pursue her PhD 


degree at the University of Louisville where she is currently 


working on the synthesis of novel III-V alloys to be used in 


photo-electrochemical applications.  
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Abstract  
Noble-metal nanoparticle coated polymer composite microspheres and beads have 
drawn significant attention due to their applications in electronics, photonics, medical 
imaging, drug delivery, and catalysis. Here we report the directional binding of amphiphilic 
and anisotropic Janus gold nanoplates (JGN) onto a model supramolecular target. With 
PEG | Thymine-rich DNA-JGN (where “|” implies the listed coatings are on opposite sides 
of the nanoplates) in hand, the JGN were coated onto carboxylate modified fluorescent 
latex beads, which were covalently linked with amine functionalized adenine-rich DNA 
thorough EDC chemistry. PEG | Thymine-JGN interacts latex beads through 
complementary DNAs. Upon mixing of the adenine-coated latex beads with PEG 
|Thymine JGN, the plates were found to form efficient and dense mono-layer coatings on 
the surface of the latex bead. Having PEG on one side of the JGN allows a specific DNA 
mediated interaction and prevented other entities from accumulating on the non-DNA side 
of the plate. 
The preferential light scattering and fluorescence quenching properties of metal 
nanoparticles on polymer beads can find applications in fluorescent based sensors, 
medical imaging immunoassays, and other optical and electronic devices. Although the 
incorporation of metal spherical particles on the polymer bead surface has been 
previously reported, the directional binding of anisotropic building blocks such as gold 
nanoplates on the polymer bead surface is yet to be explored.  
 
Biography of Presenter  
Md. Emtias Chowdhury was born in Chittagong, Bangladesh. He was bought up and 
finished his schooling in Chittagong. He attended the University of Chittagong and 
graduated in 2010 with a bachelor degree in chemistry. He came to the United States to 
pursue his MS at the university of Maine in the spring of 2012 and finished his MS in the 
summer of 2014. Currently he is a PhD candidate in the department of chemistry at UofL. 
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Isomotive Dielectrophoresis for Particle Analysis 
Lincoln P Curry1, Mohamed Z Rashed2, Stuart J Williams3 
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Abstract 


Differentiation of cells/particles is important in the medical field for determining what 
cells have been affected by infection or disease through the extraction of cells’ dielectric 
properties. These dielectric properties correlate directly to the cell physiology which can 
change due to an intruder in the body. While most dielectrophoresis (DEP) devices 
have been utilized for the purpose of filtering, sorting and trapping these particles, 
isomotive dielectrophoresis (isoDEP) promotes the analytical potential of DEP. IsoDEP 
is the same concept as DEP, but uses a specific geometry which allows for 
subpopulation analysis of particles. The overarching goal is to create a commercial 
device that can be used for cell analysis that is significantly cheaper, but maintains a 
relatively high throughput in comparison to other techniques available; however, our 
current intention is to fabricate prototypes to test and validate the isoDEP analytical 
capabilties through a comparison to existing commercial analytical DEP systems ( 
3DEP DEPtech Inc. ). For this project, fabrication has taken place in a cleanroom and 
involved sputtering gold onto a glass wafer substrate. Electrode formations were firstly 
patterned through photolithography and gold etching. SU8 negative photoresist was 
then spun and patterned to form the microchannel. The experiment involves placing the 
particles of interest inside the device’s well and running an AC current through the two 
electrodes on the device. This frequency causes translation of the particles under a 
uniform force applied due to the device’s geometry. Particles velocities are then tracked 
and mapped to extract Clausius-Mossotti factor. The testing is ongoing, but we are 
hoping to see a strong relation between our results and those obtained from commercial 
devices. 


 


 


Bio on the next page… 
 


 


 







Biography of Presenter: Lincoln Curry is an undergraduate student at Western 
Kentucky University studying mechanical engineering. He is involved in the Honors 
College and acts as an ambassador for the university as well as being involved in 
several organizations on campus. Lincoln has worked as an RA for the Governor’s 
Scholars Program at NKU in 2017 and has been awarded the title of Kentucky Colonel. 
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Abstract  


Microelectromechanical (MEMS) energy harvesters have brought more researchers' 


attention to this field due to recent advances in micro/nano-fabrication of smart materials. 


While many previous studies have been tried to lower resonance frequency and improve 


the operational bandwidth of MEMS energy harvesters, the existence of a universal 


solution to tackle these problems is still missing in this field. In the current study, we 


propose a unique multi-components structure to address the mentioned issues 


associated with the micro-scale bistable energy harvesters. This bistable system is made 


of a main buckled beam, in which buckling is created with a compressive load. Two 


cantilever arms are connected to the main beam via a torsional rod, which has the role of 


transferring motion between the buckled beam and arms. In order to reduce the first 


natural frequency of the whole system, a tip mass is attached to the end of each 


cantilevered arms, making them less rigid and helping the whole system first natural 


frequencies dominated by these arms. 


A new modeling approach was performed to develop snap-through regime plots for both 


macro and MEMS-scale of the proposed system, which shows its functionality as a 


piezoelectric bistable energy harvester. Furthermore, various steps of the fabrication 


process including plasma-enhanced chemical vapor deposition (PECVD), physical vapor 


deposition (PVD), and deep reactive-ion etching (DRIE) have been performed to deposit 


different layers of a MEMS device. Details of each fabrication step as well as the 


possibility of testing the final fabricated device are discussed in more details.  


 


Biography of Presenter 


Masoud Derakhshani is a Ph.D. candidate in mechanical engineering at the University of 


Louisville. He received both his B.Sc. and M.Sc. in mechanical engineering from 


Mazandaran University and Iran University of Science and Technology respectively in 


Iran and was awarded the UofL graduate school fellowship to start his Ph.D. in 2015. His 


research interests mostly focus on the field of dynamics and vibrations as well as MEMS 


devices and has some publications in these areas. Currently, the project that he is 


involved in includes both nonlinear dynamics and fabrication process of a unique-


designed MEMS-scale vibration energy harvester. 


 








Net-shape ambient temperature metal additive manufacturing using 


acoustic energy 
Anagh Deshpande1, Keng Hsu1 


1J. B. Speed School of Engineering, University of Louisville 


 


Abstract 


Recently, metal additive manufacturing is being widely adopted in the manufacturing 


industry. It has also become the preferred method for manufacturing in some cases. 


Despite having several advantages, the process physics, of using a high power heat 


energy source to melt and fuse material, used by current commercial metal additive 


manufacturing technologies prevents them from being flexible, accessible and affordable. 


Direct Acoustic Energy Deposition (DAED) is a novel process which uses acoustic energy 


to manipulate material at a voxel level. Efficient absorption of acoustic energy at the 


material defects leads to athermal deformation and bonding of each voxel allowing 


formation of a 3D component at room temperature and ambient conditions with spatial 


control over material, shape and property control. In this talk, the DAED process will be 


introduced highlighting the process capabilities and future prospects. 


 


Biography of Presenter 


Anagh Deshpande is a PhD student in Mechanical Engineering at University of 


Louisville. He obtained his Masters’ degree in Manufacturing Engineering from Arizona 


State University in 2016. His research focuses on 


developing a new disruptive additive manufacturing 


process and on additive manufacturing of nickel-based 


superalloys with powder bed fusion processes. His areas 


of special interest are additive manufacturing, material 


science, electron microscopy and solid mechanics. 
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Conn Center for Renewable Energy Research  
Thad Druffel1 


1Conn Center for Renewable Energy Research, University of Louisville 
 
In collaboration with the state, UofL established the Conn Center for Renewable Energy 
Research at the J.B. Speed School of Engineering in 2009. The Conn Center provides 
leadership, research, support and policy development in renewable energy; advances the 
goal of renewable energy; and promotes technologies, practices, and programs that 
increase efficiency for energy utilization in homes, businesses and public buildings. To 
accomplish these objectives, the Conn Center conducts and facilitates R&D on potentially 
commercializable renewable energy and energy efficiency technologies. he center 
employs top-notch scientists and engineers as theme leaders for directing these research 
thrusts and to enable collaborations with faculty researchers and industry partners across 
the state. The Conn Center has developed unique, state-of the art, translational research 
facilities in the following areas: scalable manufacturing R&D of advanced nanoscale 
materials, roll-to-roll manufacturing R&D for solar technologies, and lithium ion battery 
fabrication. The Center is now developing facilities for solid-state lithium ion battery 
manufacturing R&D and also hosts a number of pre-pilot scale processing tools for 
converting various waste and biomass streams to fuels/chemicals. The Center's main 
objective is to foster development of transformational concepts and accelerate the 
translation of technology concepts from the lab to pre-commercial scale via large-scale 
device prototyping. Through innovative R&D at an accelerated pace and development of 
Kentucky's workforce and renewable resources, the Center's ongoing goal is to seek 
outcomes that enhance global energy security, maintain US technological leadership, and 
improve high-tech manufacturing activity in Kentucky. 
 


Thad Druffel, PhD, PE is currently Theme Leader, Solar 
Manufacturing R&D at the Conn Center for Renewable 
Energy Research at the University of Louisville. His current 
research is focused on developing materials and processes 
for roll-to-roll manufacture of devices for renewable energy. 
The work involves using near atmospheric processes to 
consolidate the nanomaterials into functional bulk thin films. 


His twenty year background in industry includes research, development and engineering 
topics in several engineering disciplines and he has been involved in projects ranging 
from solar and water facilities in Africa to corporate research and development of cutting 
edge technologies. He has PhD in Chemical Engineering, M.Sc. in Mechanical 
Engineering and is a registered Mechanical Engineer in the Commonwealth of Kentucky. 
He is active within the entrepreneurial community and continues to be involved in 
startups. He co-founded Bert Thin Films, LLC along with a former post-doctoral 
researcher to commercialize a technology that was initially conceived at the Conn Center. 



https://www.linkedin.com/in/thad-druffel-3bbbbb1a/

http://bertthinfilms.com/






Rapid Photonic Processing of Films in Roll-to-Roll Applications 
Thad Druffel1 


1Conn Center for Renewable Energy Research, University of Louisville 
 
Abstract 
Roll-to-roll processing is an extremely common manufacturing technique to additively 
deposit films over wide areas at extremely high speeds at very low costs. The typical 
manufacturing line is several hundred feet long dominated by the oven that must 
accommodate a dwell time of a few minutes for a web that is moving at 100 feet per 
second. Although this accepted protocol has been established over decades of 
operations, it does incur inefficiencies, downtime and yield issues. Technologies that can 
reduce the habitual reliance on large scale ovens will improve the throughput and reduce 
costs of advanced roll-to-roll manufacturing. Our work in the past decade has been to 
explore rapid radiative thermal processing of nanocomposite thin films to reduce the 
thermal processing footprint. The work spans the polymerization of monomers, sintering 
of metals and chalcogenides and the annealing of complicated metal organic halides, all 
of which can be accomplished in a matter of seconds. In this talk the rapid photonic 
processing will be described for applications in thin films for optics and energy generation. 
The technical aspects of the manufacturing process including the impact of 
nanotechnology will be covered as well as the outlook for commercialization. 
 
Biography of Presenter 


Thad Druffel, PhD, PE is currently Theme Leader, Solar 
Manufacturing R&D at the Conn Center for Renewable 
Energy Research at the University of Louisville. His current 
research is focused on developing materials and 
processes for roll-to-roll manufacture of devices for 
renewable energy. The work involves using near 
atmospheric processes to consolidate the nanomaterials 


into functional bulk thin films. Of particular interest is the use of intense pulsed light 
sources which heat large areas using a broad spectrum of intense light delivered in very 
short pulses. His twenty year background in industry includes research, development and 
engineering topics in several engineering disciplines and he has been involved in projects 
ranging from solar and water facilities in Africa to corporate research and development of 
cutting edge technologies. He has PhD in Chemical Engineering, M.Sc. in Mechanical 
Engineering and is a registered Mechanical Engineer in the Commonwealth of Kentucky. 
He is active within the entrepreneurial community and continues to be involved in 
startups. He co-founded Bert Thin Films, LLC along with a former post-doctoral 
researcher to commercialize a technology that was initially conceived at the Conn Center. 
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Erica Gabbard  


Erica Gabbard is the Director of Co-Op Placement and Industry Engagement at the University of 
Louisville J.B. Speed School of Engineering. She holds a Master of Science degree in Human 
Resource Education and Organizational Development and is a licensed Project Management 
Professional (PMP). Ms. Gabbard has over 10 years of experience in career development and 
employer relations and is currently on the board of the Kentucky Associations of Colleges and 
Employers serving as past president. She is also a member of the Kentucky Career Development 
Association (KCDA), Young Professionals Association of Louisville (YPAL), and serves as a Staff 
Senator for UofL. 








Capstone Opportunities for Industry 
Erica Gabbard, University of Louisville, J.B. Speed School of Engineering, Director of Co-Op Partnership 


& Industry Engagement  


 


Abstract  


Capstone is a vital course for the undergradute engineering programs and allows 


students to utilize their learning from previous courses to complete a project. Capstone 


courses provide students with design projects in collaboartion with industry partners. 


These projects can be back burner ideas, current problems, or projects that are in need 


of a new prospective. Capstone projects can be completed with students majoring in 


mechanical engineering, electrical engineering, industrial engineering, and computer 


engineering, computer science.  


 


Biography 


Erica Gabbard is the Director of Co-Op Placement and Industry 


Engagement at the University of Louisville J.B. Speed School of 


Engineering. She holds a Master of Science degree in Human 


Resource Education and Organizational Development and is a 


licensed Project Management Professional (PMP). Ms. Gabbard 


has over 10 years of experience in career development and 


employer relations and is currently on the board of the Kentucky 


Associations of Colleges and Employers serving as past president. 


She is also a member of the Kentucky Career Development 


Association (KCDA), Young Professionals Association of 


Louisville (YPAL), and serves as a Staff Senator for UofL.   


 








 
The Benefits of University/Industry Partnerships 


John Gant, University of Louisville, Director Industry Partnerships 


Abstract 


This talk discusses the benefits of University/Industry partnerships for businesses, academia, students, 
and economic development.  Universities and employers are working together to reshape education for 
the workplace.  Employers are increasingly using the partnerships not only to tap into the vast resources 
of universities, but also to develop their future workforce.  Students are benefitting because they have 
more career opportunities and are getting hands-on experience in the workplace, and are getting paid 
by the employer, the employer benefits from the innovative solutions the students are creating for real-
world issues facing the employer, Universities benefit by providing more career paths for students, thus 
increasing enrollment, and the community benefits because many students that may have left the 
region are able to find employment locally, thus reducing the “brain drain”. 


 Bio 


John Gant is the director of industry partnerships at the University of Louisville.  Gant connects industry 
with campus resources for problem solving, research and development and innovation.  


Gant has more than 25 years’ experience in manufacturing management and compliance in the chemical 
and primary metals industries. He has served in a variety of leadership roles, including as a plant 
manager and general manager for several large industrial companies in steel and aluminum related 
products.  Before UofL, he most recently was director of economic development for Louisville Forward, 
the city of Louisville’s economic development engine. 


Gant is a Louisville native, and holds a bachelor’s degree in geology and a master’s in environmental 
science, both from Miami University in Ohio. 


 








 


Impact of Additive manufacturing and Nano-technologies on Dentistry 
and Medicine 


Gerald T. Grant, DMD, MS, FACP, FAAMP 
 


Abstract:  Recent advanced in scanning technologies, application of digital manufacturing 
techniques, and introduction of nano-technoologies have revolutionized the practice of 
Dentistry from direct patient care to predictable laboratory products. This presentation will 
provide an overview of the technologies available, the application of those technologies, and a 
glimpse of technologies that may have even greater impact in patient care. 


 


Bio: 


Dr. “Jerry” Grant is currently the Interim Assistant Dean of Advanced Technologies and 
Innovation and the Interim Director of the Advanced Education in Prosthodontics Program, 
University of Louisville School of Dentistry. He received his D.M.D. degree from the University 
of Louisville, School of Dentistry in 1985, a certificate in Prosthodontics from the Naval 
Postgraduate Dental School, Bethesda, MD and a Masters from George Washington University 
in 1995, and a certificate in Maxillofacial Prosthetics from the Naval Postgraduate Dental School 
in 1999.  He is a Diplomat of the American Board of Prosthodontics. He retired after 33 years of 
service with the United States Navy as the Service Chief of the 3D Medical Applications Center, 
Department of Radiology at Walter Reed National Military Medical Center – a center he 
established for research, development and use of 3d printing and digital design for treatment of 
Wounded Warriors world-wide.  Dr. Grant’s current research involves imaging, design, and 
additive manufacturing technologies for bio printing, biofabrication, and bio assembly of 
medical and dental tissues as well as devices. He has collaborative research for NASA in the 
development of printed medical instruments, development of an orbital 3D FabLab, and 
bioprinting of bone on the International Space Station.  He has authored numerous papers in 
peer reviewed journals, as well as a book and several chapters on the use of 3d printing 
technologies in Medicine and Dentistry, and is an accomplished national and international 
speaker. 


 








Roll-to-roll fabrication of solar cells through process and chemistry 
engineering 


 
Amir H. Ghahremani1,2, Blake Martin1,3, Thad Druffel1  


1Conn Center for Renewable Energy Research, University of Louisville 
2Department of Mechanical Engineering, University of Louisville 


3Department of Chemical Engineering, University of Louisville 
 
Abstract  
Research within Perovskite solar cells (PSC), taking the advantage of an organic-
inorganic charge generator thin film, has recently garnered a great interest due to its swift 
efficiency improvement, being cost effective and full fabrication feasibility through roll to 
roll automated processes. Successful fabrication of PSC with high performance 
necessitates the formation of uniform thin films with superior morphology. We have found 
that the addition of chemistries and implementation of a rapid processing has resulted in 
high efficiency solar cells at potentially high throughputs. The addition of diiodomethane 
to the perovskite absorber enhances efficiency through minimization of defect states and 
charge recombination within the perovskite film by retarding the crystallization and 
releasing excess iodine ions during the annealing processes. The chemistry also enables 
the use of a rapid processing technique, intense pulsed light (IPL), induces thermal and 
chemical responses upon the absorption of pulses of light. Our experimental results 
demonstrated a 65% performance improvement resulting in 16.5% efficiency when 
rapidly annealed through ultrashort duration pulses from a Xenon lamp in the air with 
relative humidity of 50%. Obtaining such high efficiencies can pave the way towards 
commercialization of PSC through rapid and cost-effective manufacturing of efficient PSC 
through roll to roll.   
 
Biography of Presenter 
Amir H. Ghahremani is a PhD candidate in the Mechanical engineering department at 
the University of Louisville. His research is focused on the development of thin films and 
scalable techniques pertinent to roll to roll manufacturing of efficient and cost 
effective organic-inorganic Perovskite solar cells. These methods include the application 
of ultrasonic spray, slot die and inkjet   printing along with the use of intense pulse light 
for high throughput annealing.   
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Laser Metals Additive Manufacturing Process Simulation Software Landscape 
Timothy Gornet, Manager Rapid Prototyping Center, University of Louisville 


 


Abstract 


Laser based metals AM processes are increasingly being used as a production process for complex aerospace, power 
generation, and biomedical end use parts. While metals AM equipment is generally considered robust, the science and 
understanding of the process physics is lagging. Support structures are required to fixture the metals AM part to the 
platen to overcome the thermal stresses that accumulate during the build process. Insufficiently supported parts can 
result in support failure at the interfaces of the platen,supports, and parts. This can cause build failures due to impact of 
the recoater and the part under construction or the build may complete but the support failures allow for significant 
deformation rendering the part unusable. The lack of software to guide operators of metals AM equipment has resulted 
in low first time build success due to trial and error orientation and support strategy iterations and a rule of thumb 
and/or tribal knowledge of the process. This is becoming increasingly important as designers are utilizing topology 
optimization and light-weighting tools that result in extremely complex shapes. In the past year most major CAD/CAM 
software companies have made significant investment in AM process simulation tools either by acquisition or internal 
development.  


These new software tools can assist in evaluating the effect of part orientation on deformation/warpage, create stress 
based support solutions to increase first part build success, generate compensated geometry and understand how 
secondary thermal processing may affect part properties. This presentation will cover the available AM software tools 
and how to incorporate AM simulation into metals AM production work flow. 


Bio 


Tim Gornet is the Manager of Operations at the University of Louisville’s Rapid 
Prototyping Center.  He has been active in the additive manufacturing (AM)/3D 
printing field since 1988 when he ran an SLA 250 at GE Appliances. He is Past 
President of the Additive Manufacturing User’s Group (AMUG), founded the Selective 
Laser Sintering User’s Group and served as president 3 years, has been a board 
member for the Society of Manufacturing Engineers Rapid Technologies and Additive 
Manufacturing group and was recognized as one of the “Top 25 Most Influential 
People in RPD&M” by the TCT Magazine. He is a frequent contributor to the annual 
Wohlers Report and presents at numerous industry and academic conferences on 
AM. His research is in the area of polymer sintering and previous work includes 
pioneering the use of the Melt Index for determining powder quality and developing 
a multi-zone heating system that has now been commercialized. Recent funded 
research includes several ONR/AFRL SBIR/STTR projects on unique polymer laser 
sintering materials and high temperature polymer applications as well as 
development of new materials and processing parameters for Direct Metal Laser 
Sintering. In addition, he has led polymer laser sintering research programs with 
Boeing for novel aerospace application. His research area of interest are in Laser 
Sintering of Polymers including process control and optimization, mechanical 
properties, hardware improvements, materials research and development, and high temperature materials. In the area 
of powder bed metal additive manufacturing technologies his research includes material development, process and 
mechanical property optimization.  He also performs applied research in design for Additive Manufacturing for polymers 
and metals. He received his Bachelor and Master of Engineering degrees from the University Of Louisville JB Speed 
School of Engineering and is completing his PhD work at the University of Sheffield (UK)  








Rapid Prototyping Center/Additive Manufacturing Training Center 
Tim Gornet, Manager Rapid Prototyping Center, University of Louisville 


 


Abstract 


The University of Louisville (UofL) has one of the best equipped facilities with world class capabilities for 
3D Printing/Additive Manufacturing (AM) of metals, ceramics, and polymers. The industrial/academic 
consortium known as the Rapid Prototyping Center (RPC) has been performing federally-funded basic 
and applied research, technology transfer and industry-funded projects in AM since starting with 
polymer Laser Sintering (LS) in 1993. Today the UofL has over 70 people focused on AM applications and 
research. The UofL is a Gold Member of AmericaMakes and partner of leading AM users.  The AM 
training center has a fully equipped learning laboratory that boasts the latest in AM technologies, 
machining, metrology and powder handling systems, additionally professionals will learn the specific 
safety requirements for utilization of AM systems in industry. 


Bio 


 Tim Gornet is the Manager of Operations at the University of Louisville’s Rapid 
Prototyping Center. He has been active in the additive manufacturing (AM)/3D 
printing field since 1988 when he ran an SLA 250 at GE Appliances. He is Past 
President of the Additive Manufacturing User’s Group (AMUG), founded the 
Selective Laser Sintering User’s Group and served as president 3 years, has been 
a board member for the Society of Manufacturing Engineers Rapid Technologies 
and Additive Manufacturing group and was recognized as one of the “Top 25 
Most Influential People in RPD&M” by the TCT Magazine. He is a frequent 
contributor to the annual Wohlers Report and presents at numerous industry 
and academic conferences on AM. His research is in the area of polymer 
sintering and previous work includes pioneering the use of the Melt Index for 
determining powder quality and developing a multi-zone heating system that 
has now been commercialized. Recent funded research includes several ONR/AFRL SBIR/STTR projects 
on unique polymer laser sintering materials and high temperature polymer applications as well as 
development of new materials and processing parameters for Direct Metal Laser Sintering. In addition, 
he has led polymer laser sintering research programs with Boeing for novel aerospace application. His 
research area of interest are in Laser Sintering of Polymers including process control and optimization, 
mechanical properties, hardware improvements, materials research and development, and high 
temperature materials. In the area of powder bed metal additive manufacturing technologies his 
research includes material development, process and mechanical property optimization. He also 
performs applied research in design for Additive Manufacturing for polymers and metals. He received 
his Bachelor and Master of Engineering degrees from the University Of Louisville JB Speed School of 
Engineering and is completing his PhD work at the University of Sheffield (UK)  








Electron-beam induced deposition and etching using liquids:   
A path to nanoscale rapid prototyping with functional materials 


Samaneh Esfandiarpour, Sarah Lami, Gabriel Smith, Cary Brown, and J. Todd Hastings 
Electrical and Computer Engineering, University of Kentucky, Lexington, KY  


 
Abstract 
 
Focused electron-beam induced processing (FEBIP) enables the direct deposition and 
etching of functional materials with nanoscale resolution.  The process has found 
application in integrated circuit edit and mask repair, nanoscale rapid prototyping, and 
interconnection to chemically synthesized nanostructures.  FEBIP is traditionally 
conducted with gas-phase reactants, but recently researchers have investigated the use 
of bulk liquids as alternatives.  These are introduced into electron microscopes using 
sealed cells, liquid injectors, or other environmental configurations.  Liquid precursors 
promise deposition of a wider range of nanostructured materials with properties closer to 
those obtained from physical deposition or chemical synthesis.  Liquid etchants enable 
the removal of materials that do not have volatile reaction products and may increase 
etch selectivity between different materials. Finally, many questions remain surrounding 
the mechanisms by which the energetic electrons drive local deposition and etching.  This 
presentation will highlight the advantages of liquid reactants and provide evidence for the 
reaction mechanisms with a particular emphasis on processing of copper nanostructures. 
 
Biography of Presenter 
 
J. Todd Hastings is Reese S. Terry Professor of Electrical Engineering at the University 
of Kentucky where he also serves as Director of the Center for Nanoscale Science and 
Engineering. His research focuses on nano-scale electronic, photonic, and magnetic 
devices and their associated fabrication technologies. 
Prior to his current appointment he received the Ph.D. 
degree in Electrical Engineering from the Massachusetts 
Institute of Technology, the M.S. degree in electrical 
engineering from Purdue University, and the B.S. degree 
in physics from Centre College in Danville, Kentucky. He 
is the recipient of the NSF CAREER Award and the 
DARPA Young Faculty Award, and served as the chair of 
the 59th International Conference on Electron, Ion, and 
Photon Beam Technology and Nanofabrication. 
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Abstract 
 
The Center for Nanoscale Science and Engineering (CeNSE) at the University of 
Kentucky (UK) is a shared-use facility located in UK’s Advanced Science and Technology 
Commercialization Center (ASTeCC).  The center forms part of the Kentucky node of the 
NSF-supported National Nanotechnology Coordinated Infrastructure (NNCI).  CeNSE 
serves a multidisciplinary group of faculty, students, staff, and external researchers with 
a shared vision for studying and developing nanoscale materials and devices. Center 
participants hail from the several UK colleges, other universities, and various companies, 
including several startup companies housed in ASTeCC.  Research supported by the 
center targets a number of nanoscience applications in energy, bioengineering, 
manufacturing, medicine, computation, communication, and data storage.  The CeNSE 
nanofabrication facility includes a class 100 cleanroom with a number of lithography, 
deposition, etching, thermal processing, and characterization tools.  Of particular note, 
CeNSE offers both electron-beam and 3D (two-photon) lithography systems.  The center 
is open to all qualified users and provides both instrument training and process consulting.   
 
Biography of Presenter 
 
J. Todd Hastings is Reese S. Terry Professor of Electrical Engineering at the University 
of Kentucky where he also serves as Director of the Center for Nanoscale Science and 
Engineering. His research focuses on nano-scale electronic, photonic, and magnetic 
devices and their associated fabrication technologies. 
Prior to his current appointment he received the Ph.D. 
degree in Electrical Engineering from the Massachusetts 
Institute of Technology, the M.S. degree in electrical 
engineering from Purdue University, and the B.S. degree 
in physics from Centre College in Danville, Kentucky. He 
is the recipient of the NSF CAREER Award and the 
DARPA Young Faculty Award, and served as the chair of 
the 59th International Conference on Electron, Ion, and 
Photon Beam Technology and Nanofabrication. 
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Scott Herrmann 
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Abstract  
Where is U.S. manufacturing thriving in the U.S.?  Forbes says it is right here in Louisville, 
Kentucky. In 2017, the business magazine ranked Louisville the #1 city for U.S. 
manufacturing. Why Louisville?  Well, since 2011, following the Great Recession, local 
manufacturing employment has expanded by 30 percent to 83,300 jobs; approximately 
12 percent of all jobs in Louisville. The combination of robust growth in our diverse, legacy 
industries and rapid growth of our research-driven companies has propelled us to the top.     
 
How does Louisville keep the streak alive? Workforce and innovation. Maintaining the 
momentum Louisville has created over the last few years will require more impactful 
collaboration between industries, institutions, and governmental entities to invest in 
higher-skilled labor and ideas. Partnerships like GE FirstBuild, the University of Louisville 
Speed School co-op programs, Kentucky FAME apprenticeship program, and Kentucky 
Nano + AM Symposium are a few examples of catalysts that will help continue to power 
Louisville’s manufacturing growth. We need more! 
 
Louisville Forward, the city’s combined approach to economic and community 
development, will provide more insights into its role in supporting the manufacturing 
industries and growing our local economy.  
 
Biography of Presenter  
Scott Herrmann serves as the Director of Economic Development for 
Louisville Forward.  He guides the strategic direction and 
management for the department in order to advance Louisville’s 
economic growth goals and objectives.  He previously served as vice 
president with J.P. Morgan’s Asset Management and Commercial 
Bank divisions, overseeing client relationships and sales.  Most 
recently, he was director of marketing and business development for 
Waycross Partners, a local independent investment management 
firm.  Scott holds a bachelor’s degree in finance and MBA from Indiana University.  He 
volunteers time for the Home of the Innocents, Rotary Club of Louisville, and [give] 502.  
He is graduate of the Leadership Louisville Focus and Ignite programs, Health 
Enterprise Network Fellows program, and Business First 40 Under 40 and Top 20 
People to Know in Economic Development.    
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Abstract  


Poly(4,4’-oxydiphenylene pyromellitimide) (PMDA-ODA polyimide) is an all-aromatic 


polyimide and belongs to the class of high performance engineering polymers. It 


possesses exceptional thermal and thermomechanical properties, chemical resistance, 


and non-flammability, which makes it the ideal candidate for aerospace and military 


applications. However, its all-aromatic structure makes it insoluble in any known solvent 


and causes polymer degradation before flow. These properties complicate manufacturing 


of PMDA-ODA polyimide and limit its products to mainly films and coatings. The latter are 


processed through a soluble polyamic acid (PAA) precursor. We present a chemical 


strategy to enable advanced 3D printing of PMDA-ODA polyimide using vat 


photopolymerization (VP). VP is a 3D printing technique, which utilizes UV-light to 


crosslink polymer resins layer-by-layer. To enable UV-curing, we added an amino-


functional methacrylate (DMAEMA) to the soluble PAA precursor to generate UV-


sensitive PAA DMAEMA salts. Selective UV-curing of the PAA DMAEMA salts yielded an 


organogel. Photorheology showed short gel times and demonstrated sufficient 


mechanical integrity of the organogel for VP. Subsequent, drying and heating of the 


organogel removed the solvent, released the DMAEMA crosslinks and afforded the 


PMDA-ODA polyimide with an isotropic dimensional shrinkage of 48%. Overall, dynamic 


mechanical analysis confirmed excellent thermomechanical properties of the additively 


manufactured PMDA-ODA polyimide and thermogravimetric analysis demonstrated a 


thermal stability up to 500 °C.  


  


 


Biography  


Jana Herzberger received her PhD in Chemistry at the Johannes 


Gutenberg University of Mainz in Germany, were she became an 


expert on the synthesis and characterization of multi-functional 


polyethylene glycols for biomedical applications. Afterwards, she 


joined Dr. Timothy Long’s research group at Virginia Tech (VT). At 


VT, she exploited 3D printing of high-performance polymers and 


investigated the structure-property relationship of polymers to 


enable Additive Manufacturing. She recently joined the University 


of Kentucky and Dr. Brad Berron’s lab to study the synthesis of 


biocompatible hydrogels for cell encapsulation and cell isolation. 








Novel bio-derived solvents for biofuels production 
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Abstract 


Current transportation fuels are derived from crude oil. With limited supplies and 
increasing demand for transportation fuels, the search of renewable feedstocks is 
important. Lignocellulosic biomass has a great potential as renewable feedstocks for 
production of bioethanol, a compound that is currently blended with gasoline. However, 
due to its complex chemical structure, extracting sugars from lignocellulose is a difficult 
task. We have synthesized 20 bio-derived solvents that are cost-effective, renewable, 
and able to release sugars from biomass’ complex structure. We used the invasive 
water hyacinth as our model lignocellulose and process it with the synthesized bio-
based solvents at various temperatures and times, followed by the enzymatic hydrolysis 
of the processed water hyacinth. We obtained a high sugar yield of 70% within 48h. The 
synthesized solvents were characterized by Thermogravimetric analysis (TGA) to 
investigate their decomposition temperature. The processed water hyacinth samples 
were characterized by X-ray Diffraction (XRD) and Fourier-transform Infrared 
Spectroscopy (FTIR) to investigate the dissolution mechanism of water hyacinth 
samples in synthesized solvents.  


 


Biography of Presenter 


Anwar Hossain is a Ph.D. candidate in the chemical engineering department at the 


University of Louisville. He received his B.S. in chemical engineering from Shahjalal 


University of Science and Technology, (Bangladesh) in 2012. He took a stroll in the 


oil/gas industry after graduation. Then he realized that crude oil was not renewable and 


he would like to learn more about renewable energy. He joined UofL in 2016 and 


currently is working on renewable fuels and chemicals from natural resources.  
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Department of Physics and Astronomy, Western Kentucky University, Bowling Green, KY, USA 42101 


 


Abstract 


Graphene is a single layer of carbon atoms arranged in a hexagonal crystal 


structure with unlimited applications in materials science, condensed matter physics, 


biological and optical engineering, due to its excellent electrical and thermal properties. 


A multi- and few-layer graphene were successfully prepared by pulsed laser exfoliation 


of highly ordered pyrolytic graphite (HOPG) using nanosecond pulsed Nd:YAG laser 


operating at 1064 nm wavelength at 10 Hz. The effect of laser energy density, substrate 


temperatures, wavelength, and background pressures were investigated. Scanning 


electron microscopy (SEM) and atomic force microscopy (AFM) were used to analyze the 


topography and thickness of the films. AFM and SEM measurements showed that 


amorphous carbon, few-layer graphene and thin graphite films were formed as the laser 


power increased. Thin film deposition using 532 nm pulses produced better quality films 


compared to 1064 nm pulses. This study presents new insights to better understand the 


growth mechanism of graphene via laser exfoliation; an alternative, controllable and 


efficient synthesis route. 
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Abstract 


Shape memory alloys (SMAs) are a class of active materials that can change their 


shapes reversibly with the change in temperature, and magnetic field, having a wide 


range of applications in aerospace, automotive, and medical sectors. Among SMA 


applications, morphing these materials at micro scales is of great interest. We report an 


advanced laser micro-patterning technique with the low-cost, quick, high-scalablity, and 


minimal environmental impact. Micro-patterns were obtained on Ni50Ti50 (at. %) SMAs 


using an Nd:YAG laser operating with 1064 nm wavelength at 10 Hz. Laser pulses at 


selected fluences were focused on the NiTi surface and generated pressure pulses of up 


to a few GPa. Scanning electron microscope (SEM) and optical microscope images 


showed that surface patterns with tailorable sizes could be obtained, where the depth of 


the patterns increased with laser power and irradiation time. Upon heating, the maximum 


depth recovery ratio of 30 % was observed. Recovery ratio decreased and stayed around 


15 % when the amount of time and thus the indent depth was increased. Laser-induced 


shock wave propagation inside the material was simulated and the stress wave was 


shown to closely follow the rise time of the laser pulse to its peak value and initial decay. 


Rapid attenuation and dispersion of the stress wave were observed. 


 


 








Open-Architecture Metals Additive Manufacturing:  An Emerging 
Disruptive Influence on an Already Disruptive Technology  


Dr. John Middendorf, Dr. Olga Ivanova, and Dr. Ty Pollak 
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Abstract 
Less than a decade ago, a revolution occurred in the 3D printing industry as low-cost 
desktop 3D printers emerged as a new class of consumer product, led by MakerBot and 
others.  First viewed as novelties, desktop printers soon proved capable of build 
performance comparable to industrial-grade 3D printing systems of the day for many 
applications.  The result was an explosion of system sales and decrease in system costs 
due to increased competition, leading to the widespread adoption of polymer-based 3D 
printing across industries.  The metals additive manufacturing (AM) industry is marching 
towards a similar turning point in history.  The proliferation of metals AM systems is very 
recent, increasing from fewer than 200 systems sold worldwide in 2012 to more than 
1,700 systems in 20171.  While sales and performance are increasing, the systems 
present many obvious and not-so-obvious challenges which limit their potential to provide 
ultimate design freedom for the researcher and manufacturer.  These challenges include 
their high price (typically >$500k), high operating costs, limited flexibility for 
system/process customization, lack of validated tools for qualification, and steep learning 
curve for reliable builds.  In this talk, we will present emerging open-architecture solutions 
to address these challenges.  Over recent years, research and development efforts have 
culminated in modular, low cost, highly versatile laser powder bed systems and integrated 
sensors capable of build qualities on par with industrial-grade systems.  Further, these 
systems allow unprecedented freedom for controlling process parameters and developing 
novel processing/sensing/control technologies.  The outcome of this talk will be definition 
of a new “open systems” vision for the future of the metals AM industry. 
 
Biography of Presenter 
Dr. Olga Ivanova is Principal Scientist, Multi-Material Additive 
Manufacturing/3D Printing, at Universal Technology Corporation 
(UTC), a small business focused on R&D and commercialization of 
innovative technologies.  Dr. Ivanova received her Ph.D. in 
Chemistry from the University of Louisville in 2010.  Since then, she 
has focused her scientific career on AM/3DP, securing over $2M in 
external/internal funding since 2014, ranging from 3D printing of military garments, 
medical devices, pyrotechnic compositions, and multi-material parts; and developing 
proof-of-concept multi-material printers and AM authentication methods.  Currently, her 
research is focused on exploitation of open-architecture AM systems for new applications. 


                                                            
1 Source:  2018 Wohlers Report 








Think Like an Innovator, Act Like an Entrepreneur 
Angelique Johnson 


 
 
We often wonder why so many scientific innovations never make it beyond science 
fiction, and yet a plethora of seemingly useless products are brought to market every 
day (i.e. fidget fingers).  Academic innovators are frequently hyper focused on scientific 
discovery and entrepreneurs on profit. However, commercialization lays at the 
intersection of profit and discovery. An overindulgence of either creates a valley of 
death between them. In this talk, Dr. Angelique Johnson will share her experiences 
overcoming commercial challenges with scientific innovation, while at the same time 
letting her commercial actions be driven by the customer discovery process. Johnson 
will cover best practices on pulling the two mindsets together and avoiding chasm-
building mentalities that lead to the valley of death.  
 
Bio 
 
Dr. Angelique Johnson is CEO/founder of MEMStim LLC, 
and has raised nearly $2.5 million in non-dilutive funds 
to commercialize advanced nerve stimulators. 
An expert in Lean Startup Methodology, she has 
educated students on building successful companies. 
With a doctorate in Electrical Engineering from the 
University of Michigan, she is an authority on 
innovation and entrepreneurship. Dr. Johnson has 
delivered a congressional briefing on Capitol Hill, served 
as a speaker for the eighth district of the Federal 
Reserve, and delivered several international talks. She 
has been featured on NBC Universal, National Public 
Radio, The Root news site, Louisville Insider, Business 
First, and other media outlets.  
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Abstract 


Arsenic pollution of groundwater across the world is one of many issues that have 


highlighted the need for a reliable instrument capable of monitoring contaminants 


remotely and continuously in a variety of geographical locations. Typical instrumentation 


for water analysis, such as ICP and AAS, must be housed in a central lab and provides 


only a very limited snapshot of the water quality representative of the particular time and 


location associated with sample collection. Portable instruments require a skilled 


technician who must travel to the field to operate the equipment and still provide only a 


snapshot analysis. Our group is focused on developing a truly remote electrochemical 


sensor positioned in the field that permits continuous, operator-free, in situ analysis. The 


sensor is based on exhaustive anodic stripping coulometry in a fixed-volume cell, and the 


target analyte is arsenic (III) at trace levels in water. This work has been successful in 


monitoring arsenic below the WHO maximum contaminant level of 10 ppb via two 


microfabrication methods. First, the sample volume was varied from 4 µL to 16 µL by a 


“stamp-and-stick” fabrication procedure to increase analyte signal. Second, the 8 mm by 


4 mm elliptical working electrode was replaced with a microelectrode array in which active 


electrode sites varied in diameter from 5 µm to 50 µm to decrease noise. Furthermore, 


the electrochemical cell is being interfaced with a platform for deployment as a remote, 


autonomous instrument.  The platform would allow for automated sample intake, sample 


pretreatment (e.g., filtration and acidification), electrochemical analysis, and wireless data 


communication in a few minutes. By integrating the fixed-volume sensor with the platform 


for remote operation, it is feasible to construct a remote sensing device that is affordable 


(~ $600) and is well suited for creation of permanent sensor networks.  


 


Biography of Presenter 


Kelsey Kaht, a native of Florence, KY, graduated with a BA in Biology 


and a BA in Chemistry from Thomas More College in 2014. She then 


joined the lab of Richard Baldwin at the University of Louisville where 


she earned her MS in Chemistry in 2017 and is currently working toward 


completing her PhD in Chemistry. Her research focuses on using 


electrochemistry to remotely monitor trace metals in water. Outside of 


the lab, Kelsey serves as the President of the Graduate Student Council 


at the University of Louisville, is a Graduate Student Ambassador, and 


enjoys baking and doing jigsaw puzzles. 
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Abstract 


A low temperature (<140K) deposition of certain ultrathin (20ML or less) metal films on a 


metal or a semiconductor, followed by the annealing at a moderate temperature (300-


400K), results in nanoislands with an atomically flat top surface, steep edges,  and a 


quantized, “magic” height. A detailed understanding of the kinetic pathways to form such 


island morphologies remains incomplete, in particular questions abound about the nature 


of the upward mass transport. Such transport is necessary to form multilayer islands, but 


it is inhibited at low temperature. We developed an advanced model, based on a surface 


diffusion equation with the built-in electronic and stress effects, that enables the 


computation of the evolving nanoisland morphologies for a large set (20-30) of Pb or Ag 


nanoislands that form from the film surface roughness shortly after the start of the 


annealing. The results of a large-scale computations with varying surface roughness 


reveal the complicated spectra of a metastable and stable “magic” heights, the surface 


diffusion pathways that lead to a truncated pyramid-like nanoisland morphologies, and 


the coarsening rules that underlie the morphological evolution resulting in the “survival of 


the fittest” among the nanoislands of different heights and sizes. Also we clarified the 


impacts of the charge spillage at the metal-substrate interface on morphologies, 


metastability, and coarsening. Our model not only compares favorably to the existing 


experimental results, it also advances understanding of a metal nanoisland growth. 


Biography of Presenter 


Mikhail Khenner got his PhD degree in 1999 from the Universite Aix-Marseille II in 


Marseille, France. He did postdoctoral studies in Tel Aviv University and University of 


Delaware. He works in WKU since 2009, where he is now the Associate Professor of 


Applied Mathematics. He is the author and co-author of over forty 


publications in the fields of modeling crystal growth, thin films, pattern 


formation and self-assembly. He was invited to present his research at 


various national and international conferences in materials science and 


mathematical modeling. He is the member of the Society for Industrial 


and Applied Mathematics (SIAM), SIAM Activity Group on 


Mathematical Aspects of Materials Science, and the Kentucky 


Academy of Science. He routinely collaborates on research projects 


with applied mathematicians, materials scientists, and engineers.   
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Laser-induced hydrogen generation from coal 
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This study presents a simple way of obtaining hydrogen gas from various ranks of coal, 


coke, and graphite using nanosecond laser pulses under different conditions such as 


water, air and argon atmosphere. Coal samples were initially characterized by scanning 


electron microscope (SEM), Fourier transform infrared (FTIR) spectroscopy, and 


calorimeter. It was observed that 532 nm laser pulses were more effective than 1064 nm 


pulses in gas generation and both were nonlinearly correlated with respect to the laser 


energy density. Gas chromatography measurements indicate that mainly hydrogen and 


carbon monoxide were generated. The hydrogen to carbon monoxide ratio shows that 


the highest efficiency rank was anthracite coal, with an average ratio of 1.4 due to its high 


fixed-carbon content and relatively high hydrocarbon amount. Graphite was used as a 


pure carbon source to study the possible reactions of gas yielded during the irradiation 


process. In addition, theoretical simulations using a standard finite difference method 


supported experimental observations. The possible mechanisms of gas generation were 


explained with chemical reactions. The amount of hydrogen production using laser pulses 


might be enough to power devices where relatively small amounts of hydrogen are 


needed. 
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With the growing levels of anti-bacterial resistant pathogens spreading in society, new 


forms of treatments and therapies are needed to effectively deactivate bacteria. A 


biocompatible photodynamic therapy agent that generates a high amount of singlet 


oxygen with high water dispersibility is desirable to increase effectiveness of the 


therapies. In this work, a graphene-based biomaterial was produced as a less-toxic 


alternative to other photosensitizing agents. Methylene blue was used as a 


photosensitizer for comparison to evaluate the total effectiveness of the graphene in 


bacterial elimination. Graphene quantum dots (GQDs) were synthesized by irradiating 


benzene and nickel oxide mixture using nanosecond laser pulses. GQDs were prepared 


at different laser powers, wavelengths, and times. Atomic force microscopy (AFM), 


Raman spectroscopy, transmission electron microscopes, and scanning electron 


microscopes were used for characterization of GQDs. Results show that GQDs with size 


less than 10 nm with excellent photoluminescence property were obtained. Initial results 


show that photodeactivation of E. coli can be achieved with MB-GQD. The results of these 


studies can potentially be used to develop therapies for the eradication of pathogens in 


open wounds, burns, or skin cancers. 
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A low-cost wireless monitoring system designed to improve health care associated with 


incontinence is presented. The goal of this system is to address health complications 


such as urinary tract infections, pressure injuries, and dehydration for an aging population 


in nursing homes with a reliance on incontinence care.  The system uses three sensors 


to provide data to manage care giver resources and ensure quality of care for fully 


dependent patients.   


A small wireless module is attached onto the waistband of a disposable brief that uses 


Bluetooth Low Energy (LE) to communicate to a Raspberry Pi module located in the room. 


A moisture sensor using conductive thread is embedded into the disposable brief. The 


skin temperature sensor uses a metal contact on the module and body position sensor 


uses a 3-axis MEMS accelerometer. Sensor data is transmitted using Bluetooth LE 


advertisement packets thus eliminating the need for pairing. Packets are received using 


a Raspberry Pi (RP) single board computer and relayed via a TCP socket connection via 


WiFi to a server. The server collects the packets using a memory based Redis data 


structure. The data is written to a hard drive and used to create a status monitor display 


and create care giver threshold based alerts that are sent via pagers, messaging, or cloud 


based services. The module’s wireless range is 20m indoors and battery life is 1 year 


using a coin cell. Dozens of modules can be supported by one RP although many RP 


devices would typically be used to provide complete area coverage. Historical data 


presiding in the database can be queried to show trends in sensor data or care.  


 


Saliya Kirigeeganage was born in Kandy Sri Lanka. He received the B.Sc. degree (with 


honors) in Physics from the University of Peradeniya, Sri Lanka in 2010 and the M.Sc. 


degree in Physics from the University of Louisville, KY, in 2013. He is currently a Ph.D. 


candidate at the department of electrical and computer 


engineering at the University of Louisville, KY. His current 


research work focuses on modeling the spinal cord 


stimulation. He is also working as a research engineer for 


various healthcare and embedded system projects.  
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based services. The module’s wireless range is 20m indoors and battery life is 1 year 


using a coin cell. Dozens of modules can be supported by one RP although many RP 


devices would typically be used to provide complete area coverage. Historical data 


presiding in the database can be queried to show trends in sensor data or care.  
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Abstract 


Cell therapies often require intracellular delivery of plasmids or other compounds to 


transform the cells for therapeutic effect. However, there are safety concerns with viral 


approaches and non-viral transfection techniques are generally slow and inefficient. To 


address this unmet need, we are developing a unique ultrasound-integrated microfluidic 


platform for rapid delivery of molecular compounds into cells. Ultrasound and 


microbubbles can be utilized to transiently permeabilize cell membranes for rapid 


intracellular delivery of molecular compounds. Therefore, we have assembled portable, 


cost-effective prototypes which integrate ultrasound transducers, a PDMS-based 


microfluidic device, and an Arduino controller inside a 3-D printed PLA case (Fig. 1). The 


PDMS-based microfluidic devices were fabricated with channel widths of 500 µm using 


standard photolithography techniques at the UofL Micro/Nano Technology Center. 


Piezoelectric ceramic discs (PZT, 1 cm diameter) were attached to microfluidic devices 


to continuously transmit 8-MHz ultrasound 


waves. Experiments were performed to 


assess ultrasound-mediated loading of a 


fluorescent dye (fluorescein) in human blood 


cells and cancer cells obtained from 


commercial vendors. Ultrasound treatment of 


cells in the microfluidic system significantly 


increased fluorescence, indicating that this 


approach can enhance intracellular delivery. 


This platform may potentially lead to more 


efficient delivery of plasmids and other 


compounds for cell-based therapies.   
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Figure 1: Prototype system for ultrasound-


mediated molecular delivery to cells in a 


microfluidic device. 







