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ABSTRACT 
 
Fluid mechanics is a discipline with rich phenomena, spanning a wide range of laminar and 
turbulent flows, instabilities, and applications in industry, nature, and biology and medicine. In 
this talk I will provide examples of our work highlighting (i) new features of classical instabilities 
triggered by changes in geometry, (ii) the controlled movement of particles using chemical 
gradients and the application of this idea to perform membraneless filtration of particles, (iii) the 
formation of distinct layers when a dyed solution is poured into a miscible, hot colloidal solution 
that slowly cools to ambient temperature, and, if there is time, (iv) unexpected dynamics in flow 
at a T-junction. 
 
Howard Stone Biography 
 
Howard A. Stone is the Donald R. Dixon ’69 and Elizabeth W. Dixon Professor in Mechanical 
and Aerospace Engineering at Princeton University. Stone is a fluid dynamicist who uses 
experiments, theory and numerical simulations to study transport problems at the intersections of 
engineering, biology, physics and applied mathematics. He is known for developing original 
research directions in microfluidics including studies and applications involving bubbles and 
droplets, red blood cells, bacteria, chemical kinetics, etc. Stone was born in Schenectady, New 
York and went to high school in San Jose, CA.  He received the Bachelor of Science degree in 
Chemical Engineering from the University of California at Davis in 1982 and the PhD in Chemical 
Engineering from Caltech in 1988. Following a postdoctoral year in the Department of Applied 
Mathematics and Theoretical Physics at the Cambridge University, in 1989 Stone joined the 
faculty of the School of Engineering and Applied Sciences at Harvard University, where he 
eventually became the Vicky Joseph Professor of Engineering and Applied Mathematics. In 2000 
he was named a Harvard College Professor for his contributions to undergraduate education. In 
July 2009 Stone moved to Princeton University. He is a Fellow of the American Physical Society 
(APS) and is past Chair of the Division of Fluid Dynamics of the APS. He is the first recipient of 
the G.K. Batchelor Prize in Fluid Dynamics (August 2008). He was elected to the National 
Academy of Engineering in 2009, the American Academy of Arts and Sciences in 2011 and the 
National Academy of Sciences in 2014. 
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ABSTRACT 
 
Soft materials, such as polymers, colloids, surfactants, and liquid crystals, are a technologically 
important class of matter employed in a variety of applications. One sub-class of soft material, 
block copolymers, provides the opportunity to design materials with attractive chemical, thermal, 
and mechanical properties based on the ability to assemble into periodic structures with nanoscale 
features.  Several applications for block copolymers currently under investigation in my group 
include sustainable and renewable polymers for thermoplastic elastomers, pressure sensitive 
adhesives, and thermosetting resins; battery and fuel cell membranes; and nanocarriers for delivery 
and separations applications.  In this talk, I will highlight two recent areas of progress in my group 
related to (1) the design of renewable and sustainable block copolymers for elastomer applications, 
and (2) the development of novel tapered block copolymer systems to allow independent 
optimization of polymer thermal and mechanical properties, ion transport, and processing.  In the 
first area, we have developed several new methods for using waste products from the pulp and 
paper industry, such as lignin, to generate well-defined block copolymers that can become 
potential low-cost and less-toxic alternatives to some styrene-based materials.  We can control 
isomer contents in these materials to tune thermal and mechanical properties.  In the second area, 
we have introduced synthetic modifications to the junctions between copolymer blocks to impact 
the effective interactions between blocks and optimize application-oriented properties such as 
ionic conductivity and mechanical stability.  Though these appear to be two disparate topics, each 
area is linked by our understanding of self-assembly and nanoscale stability in macromolecular 
systems. 
 
Thomas H. Epps, III Biography 
 
Thomas H. Epps III is the Thomas and Kipp Gutshall Professor of Chemical and Biomolecular 
Engineering at the University of Delaware (UD) with a joint appointment in Materials Science and 
Engineering and an affiliated appointment in Biomedical Engineering. He received his B.S. degree 
in Chemical Engineering from MIT in 1998 and an M.S. degree in Chemical Engineering from 
MIT in 1999.  He completed his graduate research at the University of Minnesota and received a 



Ph.D. in Chemical Engineering in 2004; he then joined NIST as a National Research Council 
Postdoctoral Fellow.  Prof. Epps joined UD in the summer of 2006.   
 
His research interests include nanostructured assemblies for targeted drug delivery and gene 
therapy, polymeric materials for bio-separation and ion-conduction membranes, nanostructured 
soft materials from biobased feedstocks, and polymer films for nanotemplating.  At UD, he is a 
member of the Center for Neutron Science and the Center for Molecular and Engineering 
Thermodynamics.  Prof. Epps has received several honors and awards including: the John H. Dillon 
Medal from APS (2016); the Owens-Corning Early Career Award from AIChE (2015); named a 
Kavli Fellow by the National Academy of Sciences (2014); the Sigma Xi Young Investigator 
Award (2014); the Martin Luther King, Jr. Visiting Professorship at MIT (2012); the Thomas & 
Kipp Gutshall Professorship at UD (2012); the UD Alison Society, Gerard J. Mangone Young 
Scholars Award (2011); the DuPont Young Professor Grant Award (2010); the Presidential Early 
Career Award for Scientists and Engineers (PECASE) (2009); the Air Force Young Investigator 
Award (2008); the National Organization for the Professional Advancement of Black Chemists 
and Chemical Engineers (NOBCChE) Lloyd N. Ferguson Young Scientist Award (2007), a 
National Science Foundation (NSF) CAREER Award (2007), and an NRC Postdoctoral 
Fellowship (2004) among others.  Prof. Epps also is active in the American Chemical Society 
(ACS Board of Directors Development Advisory Board), American Institute of Chemical 
Engineers, American Physical Society (Polymers Division), and Sigma Xi.  He is on the editorial 
advisory boards of Polymer Chemistry, Soft Matter, and the Journal of Polymer Science: Polymer 
Physics.   
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ABSTRACT 
 
Ultrasonic longitudinal and shear waves can be excited in a frequency range from some kilohertz 
up to gigahertz. When propagated in polymeric materials, acoustic waves are influenced by the 
polymer's structure as well as by molecular relaxation processes. Therefore, ultrasound 
spectroscopy can be used to supplement other relaxation methods, calorimetric studies or 
structural investigations.  Velocity and attenuation of longitudinal and shear waves are related to 
the viscoelastic properties of polymeric materials. For structure lengths in the order of magnitude 
of the acoustic wavelength sound scattering becomes dominant.  Examples for the 
characterization of amorphous and semi-crystalline polymers, polymer networks as well as 
polymeric dispersions will be given. The results of ultrasonic measurements are compared to 
rheology, dynamic-mechanical analysis, calorimetry, X-ray scattering, and other methods. 
Since the ultrasonic methods have high sampling rates, they are well suited for examination of 
fast processes such as polymerization, cross-linking reaction, crystallization, phase separation as 
well as for monitoring polymer melt processing. For simultaneous detection of such processes, 
ultrasonic measurements were coupled to rheology, near infrared spectroscopy or electrical 
conductivity measurements. Furthermore, ultrasonic transducers are included into a climatic 
chamber and a weathering device to monitor the influence of temperature, humidity and 
simulated weathering.  Several examples for time-resolved ultrasonic investigations of the 
crystallization kinetics, phase separation, thermoset curing, latex film formation, fiber 
orientation, extrusion and injection molding will be given in the lecture. Furthermore, scanning 
acoustic spectroscopy has been applied for nondestructive detection of failure and delamination 
of coatings. 
 
Ingo Alig Biography 
 
Ingo Alig is the manager of the working group of Morphology and Dynamics at the plastic 
division of Fraunhofer Institute for Structural Durability and System Reliability (LBF) in 
Darmstadt, Germany and lecturer at physics department of the University of Technology of 
Darmstadt. He and his associates have published more than 160 articles in peer-reviewed 
journals, numerous conference proceedings, one book, several book chapters and patents in 
various areas of polymer physics, chemical physics, material science of polymers and process 
control. He is one of the series editors of Springer Laboratory Manuals in Polymer Science. 



 
He received his Diploma, a PhD, and a DSc, in experimental physics from the Technical 
University in Merseburg, Germany and was a visiting scientist at the Research Center of 
Crete/Greece, the Max Planck Institute for Polymer Science in Mainz, Germany, and the 
McMasters University in Hamilton, Canada.  From 1991 to 1993, he spent two years at the 
department of chemical physics at the University of Cologne. From 1993 until the integration 
into the Fraunhofer LBF in 2012 he was the head of the department of physics at German 
Plastics Institute. 
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ABSTRACT 

 
The safety concern of lithium-ion batteries has been in the fore-front since its commercialization. 
Lithium-ion batteries (LIB) have been widely used as types of cylinder (e.g., 18650 LIB) and 
prismatic Li-ion batteries. The 18650 LIB uses liquid organic electrolytes with higher instability 
than the LIPB, which contains gel/solid polymer electrolytes. To improve the thermal stability of 
LIPB at elevated temperatures, the thermal runaway mechanisms should be identified. The present 
research takes a green approach by applying adiabatic calorimetry experiments to evaluate the 
thermal runaway profiles, along with the thermokinetic parameters for the LIPB at various states 
of charge (SOC). Calorimetry data from various 18650 LIB and LIPB with different SOC were 
simulated using thermally analytical methods to calculate the thermal explosion energies and 
electrochemical kinetics.  A novel self-heating model was also created based on a pseudo-zero-
order and pseudo-first-order reaction for 18650 LIB and LIPB, respectively. The Arrhenius 
equation was proposed for studying the exothermic reaction of a charged battery. LIB and LIPB 
were found to be equivalent to 1.86 and 0.028 g of trinitrotoluene (TNT) in case of explosiveness. 
With a limited overpressure value of 0.3 psig, the safety distance of LIB in the ambient air 
environment was 5.79 m and the safety distance of LIPB in the ambient air environment and 
nitrogen atmosphere was 1.32 and 1.66 m, respectively. The pressure increased from 9.77 to 43.86 
psig within 0.2 m when SOC of LIB rose from 30 to 100%. The results indicated that the higher 
pressure, the more prominent was the effect range. With the same distance, the explosion pressure 
of LIPB in the nitrogen atmosphere was 43% higher than in the ambient air environment, which 
was interpreted as that nitrogen is beyond restraint in the LIPB explosion reaction. 
 
Chi-Min Shu Biography 
 
Chi-Min Shu was born in Taiwan in 1958. he had graduated from Tunghai university in 1982, then 
received the Ph.D. in Chemical Engineering from the University of Missouri-Rolla in 1990.  First, 
he served in Bechtel Corporation for couple years, through this experience the importance of 
process safety had deeply ingrained in his heart.  After coming back to Taiwan, he served at 



National Yunlin University of Science and Technology as a professor till now, dedicating on 
academic research of process safety field. In Taiwan, he was the first scholar to develop novel 
thermal analysis techniques, adiabatic, dynamic, and isothermal systems based on hazardous 
material research, to emphasize prevention of fire/explosion, runaway reaction, and investigation 
of decomposition mechanisms, then further quantifying control parameters of process safety 
design for superior performance in commercial processes. Organic peroxides are the most iconic 
research published by Prof. Shu. His laboratory, Process Safety & Disaster Prevention Laboratory 
(PS&DPL), have been published more than 220 SCI articles in nearly two decades. Numerous 
achievements have received accolades and approval from the world.  In 2011, he was elected an 
39th American Institute of Chemical Engineers (AIChE) Fellow which is the highest honor in the 
section of thermal analysis worldwide. In 2017, he had also granted the Mettler award, the highest 
achievement elected by NATAS. Beyond this, he served as an editorial board member for PSP 
(Process Safety Progress, SCI), JSR (Journal of Safety Research, SSCI), and JLPPI (Journal of 
Loss Prevention in the Process Industries, SCI).  
 


