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ABSTRACT 
 
Successive generations of artificial muscle yarns and fibers have provided the understanding 
needed to progressively increase muscle performance. While our original electrochemical 
muscles based on carbon nanotube (CNT) sheets provided only about 0.1% tensile strokes, our 
present coiled yarn electrochemical CNT muscles provide tensile stokes as high as 12%, and 65 
times the work capacity per cycle and 100 times the load-lifting capability as the same size 
natural muscle. Our polymer muscles made from fishing line or sewing thread, which are 
thermally, electrothermally, or chemically powered, can rotate at 100,000 rpm, contract 49%, 
generate 5 times the gravimetric power of a car engine, lift 100 times heavier loads than the 
same length and weight human muscle, or actuate at 7.5 cycles/s for millions of cycles. The 
strokes of these polymer muscles has been increased to a remarkable 9000% for applications as 
diverse as thermal energy harvesting and comfort-adjusting clothing. We have very recently 
shown that our CNT muscles can be operated in reverse to generate a gravimetric electrical 
power output that is higher than for any reported mechanical energy harvester for few Hz to 
600 Hz frequencies. These “twistron” harvesters were used in the ocean to harvest wave 
energy, combined with thermally-driven artificial muscles to convert temperature fluctuations 
to electrical energy, sewn into textiles for use as self-powered respiration sensors, and used to 
power a LED and to charge a storage capacitor.  
 
BIOGRAPHY 

 
Ray Baughman became the Robert A. Welch Professor of Chemistry and 
Director of the NanoTech Institute at the University of Texas in Dallas in 
August 2001, after 31 years in industry. He is a member of the National 
Academy of Engineering, the Academy of Medicine, Engineering and 
Science of Texas, the Academia Europaea, and the European Academy of 
Sciences and Arts; a foreign member of the European Academy of 



Sciences; a Fellow of the Royal Society of Chemistry, the National Academy of Inventors, and 
the American Physical Society; an Academician of The Russian Academy of Natural Sciences; an 
honorary professor of 7 universities in China; and is on editorial or advisory boards of Science 
and other journals. Ray has 89 issued US patents and 415 refereed publications, with over 
36,150 citations and a Web of Science H-index of 84. 
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ABTRACT 

 
We have entered the modern nanomaterials age. New advanced materials have fundamentally 
transformed our life style forever and made a vast world into a global village. What kinds of 
materials lie ahead in our future? This “Designed Materials Age” that we are in requires new 
knowledge to build advanced materials. I will look at the way thermal analysis has helped me 
develop new materials within an Australian context, where industry has partnered with me in 
academia to develop new materials, solve complex materials problems and launch new 
commercial products. 
 
Thermal analysis instrumentation underwent considerable development during the late 90’s, as 
did many analytical techniques, and this has greatly helped our understanding of materials 
properties, and more importantly in developing better commercial products. I will look at 
several commercial examples my team has been involved with and how these examples not 
only illustrate the development of thermal analysis, but also of new career pathways for staff 
and students involved in such collaborative ventures. 
 
As time permits project involving new plastic lenses, highly filled elastomers, perfectly 
alternating copolymers, engine oils and coatings for cork will be shown. 

 
BIOGRAPHY 

 
Professor Janis Matisons joined Silar in 2016 as its Vice President. This 
marks the second stage in his return to industry, where he began his 
early research career (Sola, Bramite, Flexichem). Prior to joining Silar 
he was the Senior R&D Manager at Gelest Inc. Before returning to 
industry, he was appointed as the first Australian professorial chair in 
nanotechnology at Flinders University, where he formed and lead the 



Nanomaterials Group for 9 years.  He has been involved in applied chemical research since 1976 
specialising in materials, polymer and silicon-based research. He was the Chief and Founding 
Editor of the journal, Silicon Chemistry (now Silicon) and is now the Chief and Founding Editor 
of the book series Advances in Silicon Science, published by Springer. He has also published 
over 400 scientific, technical and conference articles, participated in 28 major joint industry-
academic collaborative grants resulting in over two dozen patents, the formation of 2 spin off 
companies, and the launch of 79 products into the marketplace.  
 
Professor Janis Matisons moved to Flinders University from the University of South Australia 
where he led the research of the Polymer Science Group at the Ian Wark Research Institute. 
The Polymer Science Group, grew to become Australia’s largest polymer research group in 
2000. His research interests have covered a broad spectrum of research disciplines; from the 
awarding of the William Culross prize for his early research in organometallic chemistry at 
Adelaide University, to the Royal Australian Chemical Institute’s Polymer Citation for excellence 
in silicon research and education. He is a longstanding member of the American Chemical 
Society and a fellow of the Royal Australian Chemical Institute. He was organized several 
international and national meetings, the most recent being the 18th ISOS International Silicon 
Symposium in Shandong China in August 2017. He was awarded the Royal Australian Chemical 
Institute’s highest prize for applied research, the Applied Research Medal in 2008. 
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ABTRACT 
 

Thermal analysis methodologies including DSC represent the standard structural and 
morphological analysis technique employed to detect and interpret first order phase transitions 
that most commonly are used to identify changes between different structural polymorphs. 
This lecture will describe classic examples in which DSC is indeed successfully employed to 
detect and identify enantiotropic, monotropic and virtual first order transitions and interpret 
the structure and morphologies involved in these processes. The same DSC technique will be 
shown to mislead the detection of first order phase transitions that ultimately can lead to very 
important structural and morphological discoveries by a more complex combination of 
methodologies including in addition to DSC also variable temperature solid state 1H-NMR and X-
ray diffraction.  
 
BIOGRAPHY 

Virgil Perce’s list of awards includes Honorary Foreign Member of the 
Romanian Academy (1993), Humboldt Award for Senior US Scientists 
(1997), NSF Research Award for Creativity in Research (1990, 1995, 
2000), Fellow of IUPAC (2001), PTN Polymer Award from the 
Netherlands (2002), Fellow of PMSE Division of ACS (2003), Fellow of 
the American Association for the Advancement of Science (2004), the 
ACS Award in Polymer Chemistry (2004), the Staudinger Medal from 
ETH (2005), Doctor Honoris Causa from Polytechnic University, Iasi 
(2007) and University of Athens, Greece (2007), the International 
Award of the Society of Polymer Science, Japan (2007), the H.F. Mark 

Medal from the Austrian Institute for Science and Technology, Vienna (2008), Honorary 
Member of the Israel Chemical Society (2009), Humboldt Award for Senior US Scientists (2011), 
the ACS Inaugural Kavli Foundation Innovation in Chemistry Lecture (2011), Honorary Professor 
of the Australian Institute of Bioengineering & Nanoscience, Foreign Member of the Royal 
Swedish Academy of Engineering Sciences (2013), Honorary member and “Petru Poni” Medal of 



the Romanian Chemical Society (2014), Cristofor Simionescu ACS Award for excellence in 
Macromolecular Chemistry in Collaboration with the Romanian International Chapter (2015). 
NSF Research Award for Creativity in Research (2016). Doctor Honoris Causa Polytechnic 
University Bucharest (2016). 

He is Editor of Thermochimica Acta and has served as Editor of the Journal of Polymer Science 
Part A Polymer Chemistry (1996-2013), of the book series Liquid Crystals (2007-2013), and 
currently is Editor of Advances in Polymer Science (2013-).  Currently, he is on the Editorial and 
Advisory Boards of 22 International Journals, on the Scientific Advisory Boards of several 
Companies, National Laboratories and of the Australian Institute for Bioengineering & 
Nanoscience. He is a consultant to numerous US and International Companies and 
Governmental Offices. He was ranked by Thomson Reuters as one of the “World’s Most 
Influential Scientific Minds” for the years 2014, 2015, and 2016. 

His research interest is at the interface between organic, supramolecular, macromolecular 
chemistries, liquid crystals, nanoscience and biology where he contributed over 750 refereed 
publications, 80 patents, edited 19 books and presented over 1200 endowed, invited and 
plenary lectures. His h-index is 99 (in Web of Science) and 106 (in Google Scholar). 
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     A major challenge associated with hypersonic aircraft is thermal protection of the engine, 
since air cooling is not possible at high velocities. An approach that has been used for 
controlling the temperatures of critical engine components in the US Air Force X-51A program 
involves using the fuel itself as a coolant before it enters the combustion chamber. While the 
amount of heat that can be taken up by the fuel is limited by the maximum temperature to 
which the fuel can be heated, it is possible to increase the cooling capacity of the fuel by 
performing endothermic reactions on it. Two possible reactions that have been investigated in 
this work are the acid-catalyzed cracking reactions that occur in acidic zeolites and the 
aromatization reactions that occur over Ga- and Zn-exchanged zeolites. 
     Initial work at Penn focused on supercritical, high-pressure reactions of n-hexane over H-
ZSM-5, with and without the addition of Pt, Ga, or Zn, and determined reaction 
endothermicities from the product distributions. For unpromoted H-ZSM-5, the product 
distribution indicated that the endothermicity is low and decreases with increasing pressure. 
The addition of Ga or Zn to H-ZSM-5 significantly increased the endothermicity of the reactions 
by increasing the selectivity to form small aromatics. By contrast, the addition of Pt had a minor 
effect on both the rate and product distribution. Adsorption studies aimed at understanding 
the role of Zn in H(Zn)ZSM-5 showed that at low ion-exchange levels, less than 0.5 Zn/Al, each 
Zn cation displaced one Brønsted-acid site. FTIR of adsorbed acetonitrile-d3 and calorimetric 
measurements of adsorbed CO at 195 K indicated that the exchanged Zn cations form Lewis-
acid centers. A model in which the Zn cations, acting as Lewis-acid centers, polarize 
intermediates formed at Brønsted sites provided a way of understanding the observations. 
     The heat flows associated with conversion of n-hexane on H-ZSM-5 and H(Zn)-ZSM-5 were 
also measured directly for reaction at 60 bar and both 673 and 773 K. The acid-catalyzed 
reactions over H-ZSM-5 were found to be only mildly endothermic (<10 kJ/mol) at low 
conversions and exothermic at all conversions above 50%. The reactions on H(Zn)-ZSM-5 were 
significantly more endothermic (40 to 50 kJ/mol) for conversions below 70%; however, the 
reactions also became exothermic at very high conversions. Measurements of the product 



distributions showed that the reaction endothermicity for H(Zn)-ZSM-5 at lower conversions 
was likely due to formation of significant amounts of benzene, toluene, and xylene but that 
these were converted to higher molecular weight products at high conversions. 
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 Raymond J. Gorte joined the faculty at the University of 
Pennsylvania in 1981 after receiving his PhD in Chemical Engineering 
from the University of Minnesota. He is currently the Russell Pearce 
and Elizabeth Crimian Heuer Professor of Chemical & Biomolecular 
Engineering, with a secondary appointment in Materials Science & 
Engineering. Since joining Penn, Ray has served as Chairman of 
Chemical Engineering from 1995 to 2000 and was the Carl V. S. 
Patterson Professor of Chemical Engineering from 1996 through 
2001. He received the 1997 Parravano Award of the Michigan 
Catalysis Society, the 1998 Philadelphia Catalysis Club Award, the 
1999 Paul Emmett Award of the North American Catalysis Society, 
the 2001 Penn Engineering Distinguished Research Award, the 2009 
AIChE Wilhelm Award, and was elected to the National Academy of 

Engineering in 2018. He has served as Chairman of the Gordon Conference on Catalysis (1998) 
and Program Chairman of the 12th International Zeolite Conference (1998). He is an Associate 
Editor of the Journal of the Electrochemical Society. His present research interests are focused 
on electrodes for solid-oxide fuel cells, catalyst synthesis by ALD, and catalysts for biomass 
upgrading. He is also known for his research on zeolite acidity and on the redox properties of 
ceria for catalysis. 
 
 


