
 

 

Festschrift 
Dr. Arun K. Varshneya 

President, Saxon Glass Technologies, Inc. 

 Professor of Glass Science and Engineering, Emeritus  

Alfred University 

 

 



INDEX 

Page 

Preface…………………………………………………………………. 1 

Greetings………………………………………………………………. 2 

The Gurus……………………………………………………………… 5 

The Students………………………………………………………….. 7 

Symposia abstracts…………………………………………………… 12 

Selected presentations…………………………………................... 43 
L. David Pye……………………………………………………. 44 
Fabio Nicoletti………………………………………………….. 50 
A. N. Sreeram………………………………………………….. 61 
Peter C. Anderson…………………………………………….. 66 
Robert M. Callahan……………………………………………. 72 
Guglielmo Macrelli…………………………………………….. 78 
Patrick K. Kreski……………………………………………….. 89 
Manoj K. Choudhary…………………………………………... 98 
Adrian C. Wright……………………………………………….. 114 
John C. Mauro…………………………………………………. 121 
Edgar D. Zanotto………………………………………………. 130 
Ashutosh Goel…………………………………………………. 140 
Matthew J. Dejneka…………………………………………… 145 
Kristen Barefoot-Eckart……………………………………….. 156 
Michael I. Ojovan………………………………………………. 162 
Minoru Tomozawa……………………………………………… 175 
Elzbieta Greiner-Wrona……………………………………….. 180 
Kathleen Cerqua-Richardson………………………………… 191 
Martin Richardson……………………………………………… 203 
Peter P. Bihuniak………………………………………………. 213 
Prabhat K. Gupta………………………………………………. 219 
“Thanks for the memories” by Arun Varshneya…………….. 225 

Citations………………………………………………………………... 252 
Resume………………………………………………………………… 275 
Thesis titles…………………………………………………………….. 278 
Publications on Ion Exchange Strengthening of Glass.…………… 283 
Festschrift pictures…………………………………………………….. 291 
Thank you……………………………………………………………… 315 



Preface 
We, the former students, are greatly pleased and honored to serve as organizers of the Dr. Arun 
K. Varshneya Festschrift. Our teacher, Dr. Varshneya, President of Saxon Glass Technologies
and Emeritus Professor of Glass Science and Engineering at Alfred University, has dedicated
almost six decades of his life to the advancement of glass science, engineering, and technology.
Arun’s leadership as an educator, scholar, and entrepreneur is clearly exemplified by many of the
achievements that have paved the path for the future generations of glass scientists and engineers.

The special Arun K. Varshneya Festschrift Symposium organized at the 25th International 
Congress on Glass, Boston, MA, USA honors Arun Varshneya’s lifetime contributions, which have 
had a profound impact on many facets of glass science and technology and, more importantly, on 
the people throughout the glass community.  Over 50 papers presented at the symposium, a 
selected few presentations are included in the Festschrift along with both professional and 
personal lifetime memories with friends.   

Born in Agra, India, Arun stands on the shoulders of the late Professor Ronald W. Douglas of 
Sheffield University (UK) for his undergraduate education in glass and of the late Professor Alfred 
R. Cooper of Case Western Reserve University for his graduate education.  Since his first technical
presentations at the American Ceramic Society annual meeting in 1966 and at the International
Congress on Glass in 1968, he has become one of the more recognized faces among global glass
professionals.

As an educator, or “Glass Guru,” Arun is best known for his textbook, Fundamentals of Inorganic 
Glasses, soon to appear in its third edition.  The book combines a rigorous approach to glass 
science and technology with an accessible writing style, making it an ideal textbook for both upper-
level undergraduates and graduate students.  In addition, he has taught short courses on glass 
science and technology in many countries across the globe. He is a very engaging lecturer whose 
passion for glass science is truly contagious.  Students in his classes cannot help but be engrossed 
in his very interesting and clearly delivered lectures. The “Engineering Operations” senior 
capstone course, where he taught business skills to the engineers, was truly a great demonstration 
of Arun’s innovative and trailblazing approach to providing students with a rigorous, yet down-
to-earth engineering education. Scores of students have benefitted from his selfless mentoring and 
advising, often on a personal level, to make life-changing decisions. 

As a scholar, Arun and his students have worked and published on topics covering almost every 
physical and chemical property of glass, glass structure, glass making, and processing.  It is no 
surprise that Encyclopedia Britannica invited him in 1998 to be the guest author of a 13-page 
entry on “Industrial Glass.”  He has around 160 publications, 10 patents, and is most cited for 
his thought-provoking research on glass chemical strengthening by ion exchange. 

As an entrepreneur, Arun is a co-founder and president of Saxon Glass Technologies, a company 
that converts his science and technology of glass chemical strengthening to useful products that 
benefit mankind.  Early development of the strengthening of cell phone display covers was actually 
conducted at Saxon Glass and Alfred University.  The main product of the company, however, is 
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the chemically strengthened borosilicate glass cartridge for the EpiPen, an auto-injection device 
delivering epinephrine antidote to prevent anaphylactic shock in people suffering from severe, life-
threatening allergies such as to beestings, peanuts and shell foods.  Before Arun’s involvement 
with this product, the EpiPen device suffered from an unacceptably high glass fracture rate during 
administration.  With a carefully controlled process, failure of critical medicine delivery due to 
glass fracture has virtually disappeared in the over quarter billion number of units sold during the 
past 20 years, all of which were strengthened by his company in Alfred, NY.  Arun proudly claims 
that his staff helps save thousands of human lives each year!  

Arun and his wife, Darshana, are also well known for their philanthropy, both locally in Alfred, 
NY, and throughout the broader glass and ceramics community.  They often extend welcome with 
open arms to guests from overseas visiting Alfred University making them feel comfortable. 
Together, they have endowed two “Frontiers of Glass” award lectures held annually at the Glass 
& Optical Materials Division of the American Ceramic Society. 

Arun has spent countless hours furthering the mission of the American Ceramic Society, the 
Society of Glass Technology, and the International Commission on Glass.  His honors include a 
Distinguished Life Membership of the American Ceramic Society, an Honorary Fellow of the 
Society of Glass Technology, and President’s Award from the International Commission on Glass. 

While growing in Alfred, Darshana and Arun's three daughters, Pooja, Kajal, and Rupal perhaps 
enjoyed running around to conferences without fully appreciating their father's influence on the 
glass professional world. That has clearly changed with their solid support of the Festschrift. 
We are pleased to note that they seem not to have any objections to the two infant grandsons, 
Rivaan and Kiaan, to be directed towards glass science as a career path in the future as they bear 
exactly the same relationship which Arun bears with his cousin, Prabhat Gupta, an eminent glass 
scientist in his own right. JCM's daughter, Sofia Mauro, is already aiming to march the glass 
science road. 

Arun Varshneya insists on having students acquire performing arts skills to develop a 
wholesome personality. Several years ago, he persuaded the NYS College of Ceramics 
faculty to accept some performing arts credits within the engineering curriculum. To him, 
singing skills or play skills were no different than trying to present and communicate your 
science/engineering to a group of professionals. He himself enjoys singing Hindi songs 
and reciting English and Hindi poetry to the pleasant surprise of his friends." 

As former students, we are convinced that, whereas Arun might have scratched the surface of 
glass science and technology, the best is yet to come. Good luck and best wishes, Arun, on behalf 
of your friends and family. 

Dr. Vijay Jain  Dr. John Mauro 
Chief Technology Officer Professor of Materials Science & Engineering 
Savannah River Remediation The Pennsylvania State University 
Aiken, SC 29803 University Park, PA16802 
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Greetings on behalf of Dr. Arun K. 
Varshneya’s family!  
 
We would like to extend a warm welcome to all who are participating in Dr. Varshneya’s 
Festschrift, and we wish to thank you for all of your support. We are so proud and pleased to be 
a part of this important occasion celebrating the achievements of our father. A scientist often 
wears several hats - teacher, mentor, researcher, and entrepreneur. But to us, he is also a 
husband, a father, and very recently a grandfather twice over. It is a real honor and blessing to 
see his work so fittingly praised and richly celebrated in this volume. His distinguished career 
has enabled him to have been a wonderful mentor and model for many generations of glass 
scientists, on both sides of the Atlantic. Many of the Festschrift contributors are scholars he has 
taught or with whom he has collaborated; some he has known for decades. The contributions to 
this Festschrift made by his former students and colleagues pay tribute to his influence not only 
as a scholar but as a mentor known both for his unwavering demand for excellence and his 
humble generosity.  
 
Arun K. Varshneya is a father who insists upon and inspires us to always do the best that we 
possibly can. Our dad has always been first and foremost a student of life and the arts, and 
secondly a teacher. As children we did not fully comprehend or appreciate how skilled a student 
and teacher he was. It is only now, as adults, that we have come to recognize the subtle and 
sometimes not so subtle complexity of his teaching style. The subtle teachings included being 
exposed to parts of his professional life with visits to various professors’ homes, travel around 
the world to conferences, and listening in on scientific discussions on his favorite subject matter: 
glass science. Obvious lessons came in the form of teaching us how to drive a car or to solder 
the heads of our Barbie dolls back on...so that he did not have to do it again. Of course, the 
composite material that was tenuously binding the head broke away. 
 
But, the lesson of the fixing toys was not just for his daughters. Our dad was willing to help 
anyone who needed it. He was generous with his time not only with his family, but with his 
students. He often stayed late in his office and made himself available to his graduate students, 
many of whom felt comfortable enough to call him at home. So, if his students needed the 
figurative Barbie doll re-attached, our dad was ready with the soldering iron to teach them how 
to do it. 
 
Our dad, till this day, is an incredibly hard worker. He could not have done it alone, though. As 
a family, we pitched in and helped where we could. Every semester we would “help” him grade 
blue-booklet tests. So, for those students who got an “A” -- you’re welcome. Our efforts were 
then generously rewarded by getting to dress up in his commencement robes right before Alfred 
University graduations.  
 
But the most important “helper” is our mom, Darshana. Our dad’s professional career would 
not have been possible without her. Our mom has always encouraged our dad to be the hard 
worker that he is. She continues to always be at his side, whether it be listening and giving him 
feedback as he struggled with a problem or attending conferences. And while she may not have 
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been publishing papers or writing textbooks, she learned more than enough to guide her 
daughters through their own professional careers. 
 
Our father taught us to live simply, want not, and embrace life’s imperfections. You could say he 
embraced glass’ imperfections: what others saw as a flaw; he saw as an opportunity.  
 
We would like to leave you with one of our dad’s favorite poems. He first introduced it to us 
when we were in grade school, and he can proudly recite it from memory today.  

 
I Wandered Lonely as a Cloud  

I wandered lonely as a cloud 
That floats on high o’er vales and hills, 
When all at once I saw a crowd, 
A host, of golden daffodils; 
Beside the lake, beneath the trees, 
Fluttering and dancing in the breeze. 
 
Continuous as the stars that shine 
And twinkle on the milky way, 
They stretched in never-ending line 
Along the margin of a bay: 
Ten thousand saw I at a glance, 
Tossing their heads in sprightly dance. 
 
The waves beside them danced; but they 
Out-did the sparkling waves in glee: 
A poet could not but be gay, 
In such a jocund company: 
I gazed—and gazed—but little thought 
What wealth the show to me had brought: 
 
For oft when on my couch I lie, 
In a vacant or in pensive mood, 
They flash upon the inward eye 
Which is the bliss of solitude; 
And then my heart with pleasure fills 
And dances with the daffodils.  

--William Wordsworth (1807) 
 
So Dad, thanks for being our hero, and also our chauffeur, financial supporter, listener, life 
mentor, friend, guardian, and simply being there every time we needed someone. We are proud 
that this Festschrift is in your honor.  
 
With much love for our Dad,  
Pooja Varshneya Kajal Varshneya Rupal Varshneya  
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Alfred R. Cooper, Professor
Department of Metallurgy 
& Materials Science 
Case Western Reserve 
University
Cleveland, OH

R. W. Douglas, Professor
Department of Glass 
Technology
University of Sheffield
Sheffield, UK
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A.N. Sreeram                                        
Member, (U.S.) President’s Council of 
Advisors on Science & Technology                                                            
Senior VP of Research & Development and 
Chief Technology Officer, Dow Chemical 
Co., Midland MI 

Robert Callahan, Operating 
Principal, Global Infrastructure 
Partners, New York NY 

Vineet Tyagi, Manager-Business Development,  
Avionics Inc., Minneapolis MN 

 

Dan Strange, 
American Airlines 
Pilot 
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Jeetendra Sehgal, 
Director R&D and 
Intellectual Property, 
Avanstrate Inc. 

 

Josh Jacobs, Technology 
Manager, Corning Specialty 
Materials Development 

 

Vijay Jain, Chief Technology Officer, 
Savannah River Remediation, Aiken SC 

Dan Swiler,                   
Senior Research Scientist, 
Owens Illinois Toledo OH  
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Pete Anderson, Director, 
Process Engineering, Viracon 
Corp, Owatonna MN 

Patrick Kreski, Development Scientist, 
Schott Glass NA, Southbridge MA 

Tony Longobardo, Director, 
Glass Technology,  AGY  
Holding Corp., Aiken SC 

Vijay Jain, Atit Bhargava and 
Madharao Laxminarasimha 
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 John Mauro, Professor & Head for Graduate 
Education, Materials Science & Engineering, 
Penn State University, University Park PA 

Udayan Senapati,                    
Vice President & General 
Manager, Belden Inc. 

Priya Jain-Dwivedi,  Quality Analyst Lead 
OptumServe Technology Services Inc. 
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Lessons learned from Dr. Varshneya and my 25 year journey in the 
architectural flat glass industry 
My talk will review key lessons learned while working with Dr, Varshneya 
as an under graduate and graduate student in the early 1990’s at Alfred 
University. I will show how these lessons guided me on my 25 year 
journey in the architectural glass world working in both product 
development and process engineering. I will be highlighting some major 
advancements including developing hurricane resistant glass, producing 
heat treated glass with minimal distortion, and advancement in the 
performance of low e coatings.  

Peter Anderson Director, Process Engineering 
800 Park Drive | Owatonna MN 55060 
+1 507 444 3390  
panderson@viracon.com | viracon.com 

 
Bad glassformer chalcogenides with metal-nonmetal transitions 
and applications 
The speaker, like the honoree and student Senapati, were early in 
testing of the Phillips-Thorpe constraint-counting (rigidity 
percolation) ideas for the stability and Tg of selenium-based 
covalent glasses containing different atomic fractions of 3-valent and 
4-valent crosslinkers. In systems like Se-As-Ge, these are neighbors 
in the periodic table and the different pair bond strengths are 
comparable. But much earlier, in 1970, Stanford Ovshinsky drew 
attention to a new and very different feature of this type of 3-
element alloy system that arose when divalent selenium was 

replaced by its more metallic neighbor tellurium and As was likewise replaced by the more metallic 
Sb. He showed the existence of a line of rapidly crystallizing compositions that had 25 C conductivities 
3 orders of magnitude higher than those of glasses of the same compositions that could be obtained 
in microscopic “bits” by rapid quenching. He foresaw the possibility of ultrafast switching 
technologies based on these observations, but it has been slow in the realization. Recently Wuttig has 
attributed the fast crystallization to unusual structures of the crystals, while Greer et al. have made 
connections to the phenomenology of “fragile-to-strong” liquid transitions. In this contribution, we 
try to explain these relationships by providing new evidence for water-like pseudo-critical behavior in 
the PCMs below their melting points.  
 

Austen Angell 
(unable to attend) 

School of Molecular Sciences 
Arizona State University 
AZ 85287-1604 
austenangell@gmail.com 
+1 480 965 7217 
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Cover screens for personal electronic devices, Part 2 
Since Apple introduced the iPhone in 2007, the market has 
been growing explosively. In 2017, annual sales topped 1.5 
billion units generating close to $500 B in revenue1. In less 
than a decade, these complex devices have become an 
indispensible companion for just about everyone. It’s 
estimated that the average U.S. user spends almost three 
hours per day on their phone2. It shouldn’t come as a 
surprise that dropping a phone is a common occurrence. 
Unfortunately, the glass cover screens all too frequently 
break. It’s been reported3 that 50% of consumers have 
experienced a cracked screen. In a previous discussion4, the 
authors compared chemically strengthened glass with 
sapphire crystal, an alternative that promised to better 
survive inevitable consumer clumsiness. While sapphire has 

intrinsic hardness and scratch resistant advantages, continuous thin glass manufacturing processes 
followed by ion exchange tempering are considerably less expensive than the batch fusion processes 
used to manufacture sapphire. Further, sapphire production was a commercial failure. Chemically 
strengthened glass remains the only significant smart screen transparency. In this review, we will 
examine ongoing efforts to improve ion exchanged glass performance along with alternative potential 
materials such as transparent ceramics, ceramic composites and glass-ceramics, which have glass 
fabrication economics along with ceramic fracture toughness.  
 

Peter Bihuniak Dr. Peter P. Bihuniak 
Bihuniak@windstream.net 
+1 440 247 3550 

Arun and I have known each other for a long time. We have always been good friends and colleagues 
going back to our days at GE.  Our relationship included some business deals as well.  One time we 
embarked on a joint venture to make a killing in foreign exchange.  While attending the XV ICG in 1989 
in Leningrad, we pooled our dollars to purchase rubles on the street.  Actually, it was in a dark alley; 
after all, at the time purchasing rubles was closely monitored and controlled by the Soviet Union.  We 
smugly thought we could easily beat the official rate by 100X.  When I handed the back alley ruble 
dealer our US Dollars, we suddenly heard a soviet police guard’s whistle. He nervously threw an 
envelope at me, turned and ran away.  I thought he must have been a FX novice.  Later, safely back on 
the tour bus, we were proudly boasting about our big score.  We were feeling very pleased until our 
tour guide smiled and casually mentioned that we bought worthless Yugoslavian Dinaras.  
BTW: We were planning to buy several Matryoshka dolls with the newly acquired rubles, only to be 
turned down by the seller.  
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Structural control of the coloration of alkali borate glasses by 
transition-elements 
The presence of transition elements in alkali borate glasses is at the 
origin of one of the most noticeable chemical dependence of the 
color of oxide glasses. We will discuss the chemical dependence of 
optical absorption data of borate glasses containing Cr, Co, Ni, Cu 
and U. The variation of coordination numbers, crystal-field splitting, 
site distribution or site geometry depends on the existence of either 
only one or several sites occupied by the transition element. These 
spectroscopic properties will be discussed at the light of recent 
findings on the medium-range organization in borate glasses, in 
particular on the role played by [3]B in the geometry of borate super-
units. Alkali concentration in borate glasses causes an important 
modification in the speciation of transition elements, with major 

changes observed when [3]B is present, i.e. at alkali concentration lower than 20 mole%. The local 
rigidity induced by planar [3]B triangles also explains the formation of ordered element clusters, 
already demonstrated by EXAFS and XANES in low-alkali borate glasses containing Ni, Co or Zn. 
Finally, the significance of [5]Ni and [5]Co will be discussed at the light of similar speciations observed 
in crystalline borates.  
 

Georges Calas Institute of Mineralogy, Physics of Materials and 
Cosmochemistry 
Sorbonne University, Paris 
georges.calas@upmc.fr 

 
Plastic Deformation Mechanisms in Silicate Glasses 
Residual indentations and scratches in silicate glass surfaces indicate 
the ability of these materials to deform plastically to surprisingly large 
extents, even at room temperature. Plastic deformation under contact 
with a sharp object can relax stresses that would otherwise lead to 
fracture. Thus, understanding this plasticity is important to creating 
durable glass devices. Unfortunately, very little is known about the 
mechanisms of plastic deformation in silicate glasses. In this talk, a 
holistic materials science approach to structure and properties of glass 
typified by Arun Varshneya is used to describe plastic deformation in 
silicate glasses. A brief overview of the atomic level processes that 
must occur and how these mechanisms contribute to shear and 
densification will be given. A taxonomy of mechanisms and recent 
results including hardness measurements and structural 
characterization using Raman spectroscopy and MD simulations are 

used to demonstrate how specific mechanisms account for both shear and densification.  
 

Shefford Baker Cornell University 
Shefford.baker@cornell.edu 
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Network Dilation Anomaly and Stress Relaxation in Ion-
Exchanged Glasses: The Role of the Network Topology 
Prof. Arun Varshneya is at the origin of many advances in the 
understanding of ion exchange for the strengthening of silicate 
glasses. It is amazing that his pioneering work has remained so 
relevant to today’s cutting-edge engineering applications 
involving high-performance glass. In this presentation, I will 
present some new molecular dynamics findings highlighting the 
critical role played by the network topology on ion exchange 
strengthening at different stages, namely, (i) network dilation 
anomaly, (ii) stress relaxation, and (iii) final extent of strength 
development.  

 

Mathieu Bauchy Assistant Professor 
University of California, Los Angeles (UCLA) 
5731E Boelter Hall 
+1 310 825 9991 
bauchy@ucla.edu  

 
How Observational Learning Can Shape One’s Life 
Calculus, physics, materials science and fluid dynamics are some 
of the core principles taught in every engineering program. 
Students are enthralled by the prospect of learning what those 
lazy “S” symbols are in calculus books and grasping how materials 
are processed. STEM professors impart wisdom on the students 
which gives rise to cognitive learning – knowledge, 
understanding, and application. However, another plane of 
learning may take place outside the classroom. There are 
professors who shape students’ lives through their behaviors and 
actions. The students observe, retain, and ultimately reproduce 
these behaviors and actions. Arun Varshneya was my thesis 

advisor. He trained me in materials science but more importantly, he taught me, unbeknownst to 
him, lessons outside of the classroom. Observing Dr. Varshneya, I learned the following: (i) 
appropriate style when dealing with difficult situations (ii) addressing conflict (iii) capability to frame a 
problem and develop solutions (iv) ability to self-learn (v) the importance of clear writing. Engineering 
knowledge earned me my first position, but these “life lessons” observed from Dr. Varshneya helped 
propel me forward and shape my career. Thirty years removed from college, graduates typically do 
not recall the names of the teachers who instructed them in calculus or physics, but they do 
remember the professors, like Dr. Varshneya, who taught them core lessons in life.   
 

Robert Callahan Operations Principal 
Global Infrastructure Partners 
+1 917 847 4566 
bob.callahan@global-infra.com 
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Melting Mechanisms in Alkali Meta-Silicates 
Melting has been called the most important phase 
change in materials science, but a detailed 
understanding of the atomic-scale mechanisms involved 
has not yet been developed. This is particularly true for 
silicates, which form the basis of most commercially 
important glass-forming systems. Indeed, for silicates, 
the converse reaction, namely, the devitrification 
process, including nucleation and growth, is also lacking 
a detailed mechanistic understanding. However, whilst 
the timescales associated with nucleation represent a 
challenge for current atomistic simulation techniques 
such as molecular dynamics, melting is a process which 

is amenable to such an approach. In this presentation, we will discuss the differences between lithium 
and sodium meta-silicates as they are heated through their melting temperatures using molecular 
dynamics. In particular, it will be suggested that the difference in pre-melting behavior, as evidenced 
by anomalous specific heat changes with temperature, can be associated with differences in the alkali 
migration mechanisms.  

Alastair Cormack Professor Ceramic Engineering 
Alfred University 
Alfred, NY 
cormack@alfred.edu 

 

Materials Science Lessons from Chemically Strengthened Glass 
Chemically strengthened glasses were crucial to the success of 
smartphones because of their scratch performance, optical quality, 
and retained strength after damage. Strengthened glasses have since 
found their way into tablets, windshields, and portable electronic 
device backs for wireless charging. This talk will cover the 
technological advances made to ion exchanged glasses to improve 
their strength, scratch resistance and aesthetics. We will then show 
how seemingly mundane secondary properties can make the 
difference between an invention and a billion dollar success and how 
important controlling materials interactions can be when putting a 
glass into mass production.  

Matt Dejneka Research Fellow, Glass Research 
SP-FR-05 
Corning Incorporated 
Corning, NY 14831 
+1 607 974 2620 
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On my fun and educational 3-decade interaction with the Glass 
Guru 
My nearly three decades of interaction with the "glass guru" 
includes scientific subjects such as the "chemical strengthening 
of (hard to strengthen) borosilicate glass, do cathedral glasses 
flow?, will glass always crystallize as its eventual fate?." We have 
also worked together in educational topics as teaching a joint 
short course on glass back where we both learned it (Sheffield 
University), business topics such as his solid support to CeRTEV, 
and personal fun together. As an example of fun, I vividly recall 
that we had not so brilliant an idea during the banquet of the 
21st ICG in Strasbourg, 2007 with a disastrous outcome. More 
recently we have collaborated in other endeavors. Last year, 

jointly with Kathleen Richardson, John Mauro, Manoj Choudhary and David Pye, we worked on an 
educational power point presentation entitled "Glass through the ages" delivered by Manoj at the ICG 
meeting in Yokohama. Currently, Arun, John Mauro and I are writing up a joint paper for a special 
issue of JNCS in honor of P. K. Gupta. This presentation highlights our scientific discussions with 
glimpses of our outside interaction using photos and short videos.  

Edgar D. Zanotto Director, Center for Research, Technology and 
Education in Vitreous Materials  
Department of Materials Engineering 
Federal University of São Carlos 
http://www.certev.ufscar.br  
+55 16 3351 8556 

 

Evolution of Mobile Consumer Electronics Device Cover Glass: 10+ 
Years and Counting 
When companies were first researching cover materials for touch 
screen, non-flip phone devices, there was much to think about when 
choosing the material between plastic, sapphire and glass. Each one 
of these materials has been or continue to be used for this 
application. However, glass is by far the most preferred material of 
choice for several reasons. Since the birth of this industry about a 
decade ago, more than 20 different glass compositions have been 
introduced by different glass manufacturers for this application. This 
rapid innovation of glass compositions has enabled the design space 
of smartphones to expand and has underpinned the popularity of 

glass as a material of choice for this application. This talk will give an overview on the evolution of 
cover material over the last decade and highlight the attributes of different materials to demonstrate 
why glass continues to be the dominant material for this application. The talk will also highlight the 
evolving trends from smartphone manufacturers and end-user’s perspective, and show why glass is 
the best material to meet the needs of the industry.  

Kristin Eckart Corning 
Corning, NY 
eckartkl@corning.com 
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Maximizing ion conductivity and minimizing interface resistance of 
inorganic electrolytes 
In general, high performance ionic conductors are equal to what one 
would expect considering basic physics. First, the fluctuation-dissipation 
theorem indicates the particular suitability of ordered structures as host 
systems for the ions. Second, continuum approaches for the energy 
levels of the ions, in particular Born's solvation energy expression and 
Debye-Hückel theory, indicate the particular suitability of high 
permittivity materials. Combining said considerations with the request 
of a 100% dense material directly leads to high permittivity glass 
ceramics, e.g., Lithium Lanthanum Zirconium Oxide (LLZO). Indeed, LLZO 
based materials have turned out to be one of the most promising 

materials for future batteries, combining both high ionic conductivity and stability versus metallic 
lithium. Remarkably, the above continuum approaches also indicate how to minimize the interface 
resistance between neighbouring electrolytes, i.e. by impedance matching which in return is achieved 
by matching the permitivities. The latter can be demonstrated considering complex impedance 
measurements at the combination of one solid and different liquid electrolytes with different 
permitivities.  

Ulrich 
Fotheringham 

Dr. Ulrich Fotheringham 
SCHOTT AG 
Hattenbergstrasse 10 
55122 Mainz, Germany 
Adjunct Professor, Clemson University 

 
Glass Lasers for Glass Drilling and Cutting 
Glass fiber lasers at various wavelength were 
developed by using rare-earth doped silicate glass 
fibers. Their applications in glass drilling and cutting 
will be presented.  
 

Shibin Jiang President and CEO 
AdValue Photonics Inc 
3440 E Britannia Drive, Suite 190 
Tucson, AZ 85706-5285 
+1 520 790 5468 
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Reaction between Glass and Molten Salt in Chemical 
Strengthening Process 
Glass surface reaction during a series of processes including 
chemical strengthening is discussed. Chemical strengthening 
process is widely applied for cover glasses of mobile display 
devices to enhance the strength and scratch resistance and so on. 
It is well-known that the contamination of molten salt causes ion 
exchange inhibition in the chemical strengthening process. In 
order to suppress the influence of the contamination, various 
additives have been investigated. However, there is an issue that 
an additive of a basic salt erodes the glass. In this study, 
aluminosilicate glasses which were suitable for chemical 

strengthening were focused. A specific reaction between glass and molten salt was found when 
controlling the molten salt to an appropriate pH (measured by dissolving the solidified salt in water) 
by the type and concentration of the additive. The reaction leads to forming modified layer of about 
several hundreds of nanometers thickness on the glass surface. The feature of this layer is that alkali 
metal ions are released and the density is lowered. Furthermore, it was found that the effect of either 
transmittance increase (reflectance reduction) or strength improvement could be obtained through 
additional processes such as acid treatment and alkali treatment which prompted surface 
modification.  

Yusuke Fujiwara AGC Inc. Production Technology Division 
yusuke-fujiwara@agc.com 
 

 

Role of Zr in alteration gels of simplified Nuclear glasses 
Vitrification of high - level radioactive waste in borosilicate glasses has 
received great attention in several countries since decades. Glass leaching 
by water in geological repository is an important phenomenon that needs 
to be understand to better constrain the long-term evolution of the glasses 
used to store these wastes. Structural features of the evolution of 
representative simplified nuclear glasses under forcing conditions will be 
presented. During the alteration by water, an amorphous gel is formed at 
the surface of the glass. The durability of the gel and its properties depend 
on the structural role played by different elements. New generations of 
spent fuels require higher content of Zr4+ in glasses. In this study, the 
modifications of the Zr4+ environment in the gel has been investigated as a 

function of increasing ZrO2 content from 1 to 8 mol% in simplified 5-oxide glass compositions at 
various pH using Zr L-2,L-3-edge and K-edge XANES and by Zr K-edge EXAFS. In glasses and alteration 
gels, Zr may adopt three coordination numbers:[6]Z, [7]Zr or [8]Zr. The structural evolution of the gel 
around Zr4+ in two distinct layers illustrates the molecular-scale alteration of the glass when in 
contact with water.  

Laurence Galoisy Sorbonne Universite 
France 
Laurence.galoisy@upmc.fr 
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Arun Varshneya: A Guru, A Mentor, A Force to Reckon 
I had known Dr. Arun Varshneya since 2004, i.e., when I was an M.S. 
student in India. However, that does not mean that he knew me too. I 
had never had an official or formal connection with him, i.e., officially I 
was never his student or his collaborator, and I don’t think, I dare to refer 
him as a friend of mine. Still, he had a profound impact on my career as 
he has been the one to whom I have looked up to as an inspiration while 
building my career in the field of glass science. My presentation will 
present a rough sketch of an unusual and invisible bond that I have 
shared with him during the past 15 years and the way he still mentors me 
and inspires me to succeed in both personal and professional life.  

Ashutosh Goel Department of Materials Science and Engineering 
Rutgers, The State University of New Jersey 
 ag1179@soe.rutgers.edu 
+1 848 445 4512 

 

Glass archaeometry in the ascenturiespect of cultural 
heritage 
Glass has been known for centuries as evidence of the 
development of a civilization, its culture and industrial 
progress. First of all we have to divide glass, as a 
production material, between natural glass and that 
created by man. The subject of this presentation is focused 
on the discovery the past, and artefacts of previous 
generations. The ability to test materials has developed 
very slowly. Instrumental methods and computerization 
have evolved, and so has awareness of the need for 
interdisciplinary cooperation among conservators, as well 
as engineers. This principle of combining sciences to 
decipher the history of a material on many history on many 
levels also enabled technologists to be involved in 
archaeological research, specialists in materials science. It 
is a field of archaeological research which aims to confirm 

the authenticity. Such analysis of historic articles also contributes to the knowledge of the culture and 
way of life of our ancestors . In addition, during a number of scientific conferences, separate thematic 
sections under the heading of archaeometry has been prepared. Traces of historical multi-century 
products and glass elements are proof of our ancient technology, its development and cultural life. 
Due to well-developed archaeometry we are able to choose the most suitable conservation method 
to protect these glass objects. This activity preserves our cultural heritage for next generation.  
 

Elzbieta Greiner-Wrona AGH University of Science and 
Technology 
Poland 
egrwrona@agh.edu.pl 
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Cousin Arunsky – Memories of shared times 
Arun, who I fondly call Arunsky, is my first maternal cousin. But what 
makes our relationship special is that, born a few months apart in the 
same house, we grew up together in a semi-joint family setup, played 
together as kids, and finished school and college educations together in 
Agra (India). Our trajectories diverged in 1962 when he went to 
Sheffield Univ. and I to IIT Bombay. Chance brought us together again in 
1966 as graduate students under Prof. Cooper at Case who instilled in 
us a love for glass science. The rest is history. In this talk, I will share 
some memories from the earlier times honoring this unique 
relationship.  

Prabhat Gupta Faculty Emeritus, Materials Science & Engineering 
Ohio State University 
Columbus, OH 
Prabhat45@gmail.com 

 

 

Understanding the effects of compositional changes in ion 
exchanged glasses 
The primary method of consistently improving the strength of 
silicate glasses is the use of thermally or chemically introduced 
residual stresses, with the latter technique having become 
increasingly important in recent years. Commonly the focus is 
on the level of stresses that can be introduced by ion 
exchange, with relatively little attention being paid to other 
structural and property changes that arise from the 
compositional changes inherent in ion exchange. We have 
undertaken a study in which we examine the effects of 
compositional changes arising from ion exchange by making 
bulk glasses with equivalent compositions to glasses produced 
by ion exchange. The structures of these bulk glasses have 
been assessed using Raman and IR spectroscopies and the 

results compared to those obtained on the ion exchanged glasses. In addition the mechanical 
properties, including fracture toughness, of the bulk glasses have also been assessed. The primary 
focus has been Na/K ion exchange but Li/Na ion exchange has also been examined.  

Russell Hand Professor of Glass Science & Engineering 
University of Sheffield 
Sheffield, S1 3JD, UK 
+44 0 114 2225465 
r.hand@sheffield.ac.uk 
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Parent glasses and glass-ceramics and their relationship in respect of 
functionality and properties 
Prof. Dr. A. Varshneya has comprehensively studied and categorized 
inorganic glasses with regard to their chemical fundamentals, their 
structure, crystallization, their microstructure and their properties, and he 
has described their valuable applications and related process technologies. 
Therefore, the authors take great pleasure in paying homage to the work of 
Prof. Varshneya with this presentation of two different bioceramics: lithium 
disilicate glass-ceramic for restorative dental applications on the one hand 
and bioactive rhenanite glass-ceramic for hard tissue replacements on the 
other. Both systems start off with transparent parent glasses, and glass-in-
glass phase separation is an important nucleation stage of the materials. 
Furthermore, the two glass-ceramics undergo both controlled nucleation 

and crystallization. Nevertheless, the mechanisms involved are very different, which affects the 
chemical composition and the properties of the individual residual glasses. The dental glass-ceramic is 
a very strong, translucent and durable product. But rhenanite crystals grow in unique ball-shaped 
aggregates. Furthermore, the glass matrix and the crystals of the end product show bioactivity, which 
is a salient feature of the material. The two systems are described on the basis of the formation of 
their microstructures, crystallization processes and properties.  

Wolfram Höland Consultant, Ivoclar Vivadent Ltd. 
Bendererstr. 2 
Li-9494 Schaan 
Principality of Liechtenstein 
wolfram.hoeland@ivoclarvivadent.com 

 

Effect of electric field on indentation deformation of glass 
Electric field induced softening (EFIS) is a recently discovered 
phenomenon. It shows that the furnace temperature Tft, at which a typical 
alkali silicate glass softens, is significantly reduced when subjected to 
moderate electric fields. For example, when a sodium disilicate glass bar (5 
mm x 5mm x 10mm) is heated at 10 °C/min under 10 MPa compressive 
load, the value of Tft at which glass begins to deform decreases from 550 
°C to <400 °C upon application of 200 V across its length. This novel effect 
is expected to yield considerable energy saving in operations like surface 
structuring of glass. To advance such applications we have explored 
specifically the effect of electric field on the indentation deformation of 

glass under initial load of 430 MPa. The compressive force is applied by an especially designed conical 
indenter made of tungsten, which also serves as anode while heated in a furnace at constant rate. 
Significant differences are observed between deformation under uniform load in EFIS vs. non-uniform 
load in indentation experiments. Corresponding mechanisms of deformation under electric field are 
discussed.  

Himanshu Jain Diamond Distinguished Chair & Professor  
Lehigh University 
Bethlehem, PA 
h.jain@lehigh.edu  
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Structure and dynamics of ion-exchanged glasses 
Ion exchange is a well-known process for chemical strengthening 
of commercial silicate glass and for altering the optical properties 
of glasses for photonics applications (e.g., waveguides, micro-
optics). Despite the numerous reports on ion-exchanged glasses 
there are still fundamental questions concerning structure and ion 
transport in the ion-exchanged layer. While most previous studies 
have focused on commercial soda-lime silicate glasses, this 
presentation addresses also structure and dynamics of ion 
exchanged borate glasses. We acknowledge support of this work 
by the project “National Infrastructure in Nanotechnology, 
Advanced Materials and Micro - / Nanoelectronics” (MIS 5002772) 
which is implemented under the Action “Reinforcement of the 
Research and Innovation Infrastructure”, funded by the 

Operational Programme "Competitiveness, Entrepreneurship and Innovation" (NSRF 2014-2020) and 
co-financed by Greece and the European Union (European Regional Development Fund).  

Efstratios 
Kamitsos 

Director, Theoretical and Physical Chemistry Institute 
National Hellenic Research Foundation 
48 Vass. Constantinou Ave. 
116 35 Athens, Greece 
+30 210 727 3828 
eikam@eie.gr 

 

Kinetics of chemical strengthening and trends in effective diffusion 
coefficients 
Abstract Body: Alkali cation exchange has received significant 
attention with respect to introducing compressive stress in the glass 
surface, a process frequently called chemical strengthening. Besides 
mechanical properties may also other properties such as optical, 
electrical and chemical properties be modified using ion exchange 
of various monovalent ions. The mobility of monovalent ions varies 
and the relations of structural and effective diffusion coefficients 
may help to understand how to improve the ion exchange kinetics 
of soda lime silicates. We discuss the trends in the effective 
diffusion coefficients when exchanging Na+ for various monovalent 
cations (K+, Cu+, Ag+, Rb+ and Cs+) by their correlations to physico-

chemical properties. The most significant correlations were found to be the bond dissociation energy 
and the electronic cation polarizability, indicating that electron localization and the rupture of bonds 
are of importance for the ion exchange rate.  
 
 

Stefan Karlsson 
Senior Scientist 
RISE Research Institutes of Sweden, RISE Glass 
Vejdes plats 3, SE-351 96 Växjö, Sweden 
+46 10 516 6357 
Stefan.Karlsson@ri.se 
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Fracture of Sodium-Silicate Glasses: Insights from computer 
simulations 
Abstract Body: Although understanding the process of fracture is 
important for many applications, not much is known on it on the 
microscopic level. For example the role of the network modifiers 
on the fracture dynamics is not clear since on one hand they can 
locally weaken the glass but on the other hand they also increase 
the local stiffness of the sample. In this talk I will present some 
recent results of large scale computer simulations of sodium-
silicate glasses for which we have investigated the linear and non-
linear elastic properties and found that the latter has a marked 
dependence on the sodium content. For samples with low sodium 
concentration we find that the presence of a scratch on the surface 
will strongly affect the fracture toughness, whereas glasses with 
high sodium content have a fracture behavior that is less 

influenced to such surface defects. The sodium concentration also strongly affects the nature and 
propagation of the fracture front giving hence rise to glass surfaces with distinct structural properties.  

Walter Kob Laboratoire Charles Coulomb 
University of Montpellier 
F-34095 Montpellier 
France 
walter.kob@umontpellier 

 

Analyses of contact damage and fracture mechanism due to dynamic contact on glasses 
Chemically strengthened glasses are widely used for glass 
products requiring high strength such as cover glass for mobile 
devices. Chemically strengthening can generate compressive 
stress on glass surface and increase durability of glass products 
by increasing mechanical strength. However, chemically 
strengthened glass has tensile stress inside as well as 
compressive stress on the surface, and deeper depth of layer 
causes higher central tension. Once median crack created by 
contact damage with sharp contact penetrates deep into tensile 
stress area, crack propagates rapidly and glass breaks 
catastrophically in case of high central tension especially. 
Therefore, contact damage resistance against indentation and 

impact should be very important to design tough cover glass for mobile devices. Indentation 
deformation takes place due to shear deformation and densification. If the glass properties change by 
changing fictive temperature as well as glass composition, indentation deformation characteristics 
also change. In addition, if the glass has compressive stress on the surface, cracking due to contact 
can be suppressed. In this study, residual stress and densification after both typical quasi-static 
indentation and dynamic indentation were quantitatively analyzed. And also, the fracture mechanism 
in drop tests of chemically strengthened glass are discussed.  

Akio Koike AGC Inc. 
Japan 
Akio-koike@agc.com 
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Practice, theory, and more practice: a sampling of work from 2008 to 
2015 
A brief reflection on three projects spanning seven years celebrating 
contributions by Professor Varshneya to the world of glass science. 
First, the weakening of spandrel glass by vitreous enamel – a 
demonstration of the various stress drivers and some pitfalls of 
enamels on glass. Second, a deep dive into the micromechanics of 
glass chemical strengthening, where molecular dynamics simulations 
of ion-exchanged glass structures inform our understanding of where 
the ‘missing Pascals’ have gone. And finally, a return to industrial glass 
with a collection of recipes for curvature-controlled chemically 
strengthened float glass.  

Patrick Kreski Development Scientist 
SCHOTT North America, Inc. 
 Lighting & Imaging - Southbridge (LNS) 
122 Charlton Street, Southbridge, MA  01550 
+1 508 765 3226 
patrick.kreski@us.schott.com 
 

 

Strengthened glass by Ion Exchange: residual stress profile nagging issues 
Strengthened glass by ion exchange is a wide studied topic with remarkable 
applications for transportation, pharmaceuticals, architectural and 
consumer electronics. Despite the increased production, there are still some 
nagging issues to be fully resolved. One of the major anomalies, that the 
observed surface compression magnitude is a factor of 3 to 5 lower than 
that predicted by Cooper coefficient, was recently explained by Varshneya 
et. al. (2015). A second anomaly which remains a nagging issue is the 
observation that the maximum surface compression observed is often sub-
surface. Some Li2O-MgO-Al2O3-SiO2 glasses after ion exchange exhibit 
conversion of the surface compression to tension over a period of time 
followed by a buried inner compression, changing to the usual central 
tension (Donald & Hill 1988). Donald & Hill ascribed this to a large 

differential thermal contraction of surface layers upon cooling. Varshneya’s students refuted this by 
showing that the relaxation occurred even at temperature of ion exchange. We propose a new 
explanation. Our approach is based on the calculation of residual stress profile taking into account 
relaxation effects incorporating fast beta and the slow alpha relaxations. We show that a 
mathematical model of stress build up and relaxation in the ion exchanged glass can be versatile in 
the prediction of even unusual stress profiles.  

Guglielmo Macrelli  Isoclima SpA-R&D Dept. Este (PD) 
Via N.Ghetti,1 
47921 – Rimini (RN) Italy 
Phone +39 348 7080545 
e-mail: guglielmomacrelli@hotmail.com 
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Aircraft Transparency Technology 
Aircraft transparences have evolved from flat to complex curved 
features with various choices of material. The typical material 
evolution has been – glass, high strength glass, stretched acrylic, 
chemically strengthened glass and polycarbonate. Each of the 
materials have their inherent advantages and disadvantages. Every 
transparency deign involves balancing critical factors such as 
weight, fuel efficiency, birdstrike capability, service life and cost. 
There can be rigid framing around the windshield such that the 
windshield is isolated from fuselage loads alternately the 
windshields can be subjected to direct fuselage loads (hoop 
tension). Most commercial and general aviation aircrafts have a 
conductive heater film or a mesh embedded in an interlayer for 

deicing and or defogging. Military aircraft transparencies will have various coatings on the inner our 
outer surface for specific application. Section 25.775 requires windshields and their supporting 
structure withstand, without penetration, impact with a four-pound bird at VC (design cruising speed) 
at sea level. This regulation has been in place and is unchanged since part 25 was introduced in 1965.  

Khushroo Lakdawala Global Director, Technology & Engineering – 
Transparencies, PPG Aerospace, 
khushroo@ppg.com  
 

 

Towards High-Strength Infrared Optical Fibers 
Chalcogenide glasses exhibit excellent transparency in the mid 
infrared wavelength range which make them unique candidates for 
the fabrication of complex optical elements such as optical fibers. 
However, one of the main shortcomings of chalcogenide glasses 
compared to their oxide counterpart is their relatively poor 
mechanical strength. Nevertheless, the rapid development of infrared 
technology has raised the need for robust infrared fibers suitable for 
use in demanding environments. Here we report the development of 
triple index hybrid fibers composed of a chalcogenide core-clad 
structure embedded in an oxide external cladding. This hybrid 
structure combines the benefits of both glass types with optimized 
infrared transparency through the chalcogenide core structure and 

improved mechanical strength of the oxide cladding. The fabrication of this composite fiber requires 
significant materials engineering to match the rheological properties of each glass during the fiber 
drawing process. Here we take advantage of the covalent network properties of chalcogenide glasses 
to optimize and tailor their viscoelastic behavior and thermal expansion coefficient. This offers 
sufficient design parameters to fabricate hybrid fiber glass structures with optimized interfacial 
properties and optimal mechanical resistance. 
 

Pierre Lucas 
 

Professor of Materials Science and Engineering 
Director of Infrared Glass and Sensors Lab 
University of Arizona 
Tucson AZ 85721 
+1 520 322 2311 
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Loose Ions on a Disordered Landscape: An Enabling Paradigm for 
Strong Glasses and Fast Ionics 
Normally, glass engineers prefer the chemical species, especially the 
cations, that make up glass to be rigidly bonded among each other. 
Such rigid bonding promotes strong glass forming tendencies by 
frustrating diffusional processes leading to crystal nucleation and 
crystallization.. Vitreous silica with its strong Si-O bonding is 
archetypical of this paradigm. Likewise, strong bonding imparts 
improved mechanical strength and chemical durability. However, 
there are important properties of glass that depend upon more 
loosely bonded cations. This is the case for mobile cations such as 
Li+, Na+, and K+. When Li+ and Na+ cations are loosely bound in 
glass, these glasses can be used as solid electrolytes that are 
enabling to an entirely new class of solid state Li and Na batteries. 

Similarly, loosely bound Na+ ions can be chemically exchanged for larger, but less mobile, K+ to 
dramatically increase the mechanical strength and toughness and thereby enable an entirely new 
class of super strong glasses that likewise enable entirely new industries of portable communication 
devices. In this talk, the authors nearly 40 year study of such loose alkali ions and the devices and 
systems they enable will be described. Special attention will be paid to the ion exchange process that 
has been the subject of our most respected Symposium Honoree, Professor Arun Varshneya.  
 

Steve Martin Distinguished Professor 
Materials Science & Engineering 
Iowa State University 
swmartin@iastate.edu 
 

 

Dr. Arun K. Varshneya: Educator, Mentor, Scholar, Entrepreneur, 
and Philanthropist 
In this presentation, I pay tribute to my academic father, Dr. Arun K. 
Varshneya. I will provide a brief overview of his many 
accomplishments in the field of glass science and technology and to 
his generous service to the broader glass community. This 
presentation will serve as kick-off for the special Varshneya 
Festschrift at ICG 2019.  
 

John Mauro Professor of Materials Science and Engineering 
The Pennsylvania State University 
333 Steidle Building 
University Park, PA 16802 
jcm426@psu.edu 
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Fabio celebrates Arun 
In this contribution to the celebration of Prof. Arun K. Varshneya, a 
longtime friend of him, Dr. Fabiano Nicoletti, Honorary President of 
the International Commission on Glass, describes Arun's particular 
scientific and professional success in the field of ion exchange in 
glass. After having cited Arun's publications on the subject, the 
author recalls the important industrial application by him , which 
allowed the realization of the first self-injector for the rapid 
administration of drugs, initially used in the military environment, 
saving a lot of human lives. The author concludes reminding that 
the great technological improvement in the production of glass 
cartridges for auto-injectors has certainly been induced and favored 
by the studies of Arun.  

Fabiano Nicoletti 
Honorary President 
International Commission on Glass 

Dr. Fabiano Nicoletti 
www.icglass.org 
fabiano.nicoletti@stevanatogroup.com 

 

Fundamental and Applied Aspects of Heat Transfer in Fibrous 
Insulation 
The first part of the lecture reviews the basic mechanisms of heat 
transfer involved (namely conduction, free convection, and radiation) 
and their relative contributions to the effective thermal conductivity of 
the fibrous insulation assembly. It is shown that the free convection 
effects may generally be ignored. Statistical bounds for the combined 
fiber and gaseous thermal conduction are discussed. The procedure for 
calculating the radiation conductivity through a solution of Maxwell’s 
equations is discussed and results are presented to illustrate the effect 
of fiber diameter, density, and temperature on the effective thermal 
conductivity of the insulation. The model predictions are found to be in 

good agreement with the measurements. The second part of the lecture describes mathematical 
modeling of heat transfer in metal building roof and wall assemblies that contain fibreglass as the 
main insulating material. These assemblies have one or more layers of fibreglass insulation placed 
between the metal panels and their supporting structures. The model accounts for the three-
dimensional heat conduction in insulation layers and conduction/convection in air gaps between the 
layers. The calculated and the measured overall heat transfer coefficients are compared. The 
approach described here is used by to develop energy performance standards of metal buildings.  

Manoj Choudhary 
Past President 
International Commission on Glass 

 

President, MKC Innovations, LLC 
Adjunct Prof. Materials Science & Engineering, the 
Ohio State University 
Specially Appointed Professor, China State Key Lab. 
for Adv. Float Glass Technology 
mchoudhary61@gmail.com +1 614 216 7292  
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Sheffield model of viscosity: From Douglas to nowadays 
In 1949 Ronald W. Douglas has devised a model of viscous flow based on dual 
role of oxygen in glasses that resulted in a two-exponential equation for the 
temperature dependence of viscosity. Arun K. Varshneya in his fundamental 
monograph refers to this pioneering work clarifying our understanding of 
viscosity. Although Douglas equation was giving a very good description of 
viscosity it has not become popular compared VFT and other models currently 
used. Meantime it is considered that namely two-exponential equations can 
mathematically most exactly describe the viscosity of amorphous materials. A 
two-exponential equation η(T) = AT exp(B/RT) [1 + C exp(D/RT)], where A, B, C 

and D are material specific constants, has been derived in 2000’s in the University of Sheffield using 
the notion of configurons – broken bonds in an amorphous material. This equation was tested for 
many inorganic and organic materials and proved valid universally at both low (for glasses) and high 
(for liquids) temperatures giving a good description of viscosity of both glasses and melts. Within 
intermediate ranges of temperatures, the Sheffield model gives practically the same description of 
viscosity as the most frequently used VFT model.  
 

Michael I. Ojovan 
 

Department of Materials Science and Engineering,  
The University of Sheffield, United Kingdom 
 m.ojovan@sheffield.ac.uk   
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Enlightenment to become a Glass Science Instructor 
How the career of a Turkish AU Glass Science Graduate Student has improved 
after meeting with Arun Varshneya 35 years ago is described. A chemical 
engineering undergraduate has been transformed into a Glass Scientist after 
spending 2,5 years at AU and started to work at the R&D Department of 
Turkish Glass Works (SISECAM). During all the years she has kept contact with 
Alfred people both professors and fellow graduates and met them at ICG 
conferences. In 1986 ICG was held at New Delhi India and it was the first time 
she has seen Arun again. This encounter had become the beginning of a new 
kind of friendship other than professor/student relation to glass persons 
collaboration which has continued till now and will forever. In time she has 
been asked to write the chapters of Mechanical Strength and Chemical 

Durability subjects for the "Advanced Glass Technology Educational Notes" book prepared for the 
production engineers of the company. In writing these parts Arun Varhsneya's book became the only 
hand book she had used more than any other literature available on these subjects. She had given so 
many lessons throughout the factories with the slides prepared by utilizing his data which helped her 
to become a very known and respectable person in the company. She even became Instructor at the 
Universities of which she will continue to be after her recent retirement from the company. She fully 
thanks To Arun Varshneya for enlightening her.  
 
"Melek, do you know what is Deborah number?" Professor Varshneya asked. "No, who is Deborah?" I 
replied. "Well, the origin is from the Old Testament, Judges 5 Verse 5". "But Dr. Varshneya, you know I 
am a Muslim. I haven't read the Bible!" "Yes Melek, and you know I am a Hindu, how does that 
matter? This is glass science". All the faculty (mostly Christian) attending the thesis examination 
turned around and asked,"OK, Arun, kindly enlighten us what is Deborah number!"  
 

Melek Sardag 
Orhon 

Vefa Bayiri sok. Is Bankalilar Sitesi A/28 Gayrettepe 34349 
Besiktas, Istanbul – TURKEY 
+90 532 577 4672 
meorhon@gmail com 
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Conventional and electric-field assisted ion-exchange of 
innovative float glass 
An innovative float glass from Nippon Sheet Glass has been 
subjected to conventional and electric-field assisted ion-exchange 
process. Pure KNO3 salt and KNO3/KCl mixtures were used at 
temperatures ranging from 350°C to 450°C. Electric-field assisted 
processes were carried out by using a specifically realized 
equipment which allowed to change the polarity and the applied 
voltage and to measured instantly the flowing current. Ion-
exchange parameters such as surface K/Na exchange rate, 
potassium penetration, interdiffusion coefficient, residual stress 
and case depth were measured and correlated with the processing 

conditions. The results revealed a higher propensity of the considered glass to be chemically 
strengthened and a tremendous beneficial effect of the applied electric field in terms of processing 
time and temperature.  

Giovanna Pintori University of Trento 
Italy 
Giovanna.pintori@unitn.it 
 

 

The Essence of Science and Glass Science 
Science Although there are many facets of modern-day science such as 
discovery, theorization, experimentation, analysis, and conveyance to 
appropriate international communities for review, the prima facie essence 
of science is to predict, id est, to predict what is known to be true - what 
can be observed, measured, verified, validated. This assertion takes on 
special meaning when considering topics such as climate change due to 
accumulation of greenhouse gases in the atmosphere, or acceptable 
corrosion rates of vitrified nuclear waste glasses to be stored over 
thousands of years. In the field of glass science, there are several theories 
where validation of predictions have been accepted by the international 
community. Among these are microstructure development during 

amorphous phase separation as predicted by spinodal decomposition theory, and electrical/optical 
properties as predicted by band/ligand field theory. In other situations, such as homogenous 
nucleation in undercooled liquids, theory falls far short of this requirement. This presentation will 
review the fundamental tenets of the essence of science and its role in advancing modern day glass 
science - where it has worked well in this field and where more work needs to be done.  

David Pye 
Past President 
International Commission on Glass 

Dean and Professor of Glass Science, Emeritus 
The NY State College of Ceramics at Alfred University 
Alfred, NY 
pye@alfred.edu  
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The Guru and Chalcogenide Glass (ChG) materials 
From a leader in glass science and technology, to an 
academic at Alfred University, we trace the 
evolution of the glass guru from the world of silica 
to the ‘dark side’ of non-oxides. Highlights of the 
outstanding contributions made to all things 
chalcogenide are reviewed. Presented are key take-
aways that all future ChG-ers need to consider for 
following in these infrared transparent footsteps.  
 

Kathleen 
Richardson 

Pegasus Professor of Optics & Photonics 
Materials Science & Engineering 
University of Central Florida 
kcr@creol.ucf.edu  
 

 

A Guru in Glass – from the Outside In 
Occasionally one is afforded the chance to open a door into a world 
that is new, inviting yet comfortable. It is an honor to provide a 
perspective on the late-career and impact of a swami in the field of 
glass science. As a fundamental scientist in optics, lasers and light 
interaction, I have long valued the potential of new materials. But my 
association with both young and venerable experts in glass science has 
opened the door to this rich field of science and splendor. Arun 
Varshneya is not just a pioneer in glass science, but to this outsider 
looking in, he is a personality who has brought charisma and 
camaraderie to the field. In this talk this outsider, who is perhaps now 
an insider, will illustrate his own perspective on the contributions Arun 
Varshneya has made to glass science.  

Martin 
Richardson 

Founding Director of the Townes Laser Institute  
University of Central Florida 
mcr@creol.ucf.edu 
1 407 823 6819 
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Effect of typical impurities in ion-exchange process of silicate glasses 
Ion-exchange process has gained remarkable interest during the last years 
for chemical strengthening silicate glasses. During a typical industrial 
process, sodium atoms contained in the glass are substituted by potassium 
ions diffusing from a molten potassium nitrate at temperatures below the 
strain point of the glass, thus creating a residual compressive stress in the 
surface layers which strengthens the component. Several variables like glass 
composition, molten bath composition, temperature and time can affect the 
efficiency of the ion-exchange process. An interesting aspect regards the 
presence of impurities in the bath, introduced with the raw salt or 
accumulated during the process; these have been limitedly considered in 
the past as responsible for the resulting chemical, physical and mechanical 

performance. In this work soda lime silicate float glass and sodium borosilicate glass were considered 
and the effect of variable sodium, magnesium and calcium concentration in the molten bath was 
analyzed as fundamental parameters affecting the ion exchange process efficiency. Commercial 
potassium nitrate salts from different sources were also considered. The chemically strengthened 
samples were characterized in terms of potassium penetration profile, residual stress and mechanical 
strength. The addition of limited quantities of silica was also studied as possible remedial action for 
non-efficient baths.  

Vincenzo Sglavo Professor of Materials Science and Technology 
Dipartimento di Ingegneria Industriale 
Universita' degli Studi di Trento 
Polo Scientifico e Tecnologico “ F. Ferrari” 
Via Sommarive, 9  -  I-38123 Trento (Italy) 
+39-0461-282468 
www.unitn.it  

 

New unique-to-the-world capabilities increase the pace and impact of 
materials innovation at Dow 
New materials and processes developed by Dow Chemical using high-
throughput experimentation, computational modeling and state-of-the-art 
analysis capabilities are improving the daily lives of hundreds of millions of 
people. Deploying these resources successfully requires partnership with our 
customers to gain clear market signals and to gain a seat at the design table. 
The innovation pipeline is keenly focused on real market needs, aligned with 
strategic growth areas and addresses global sustainability challenges. Dow 
cutting-edge technologies receive awards for innovation and sustainability, 
including pre-composite polymers, olefin block copolymers, silicone 

materials and hybrids, sustainable dyeing of textiles and high resilience polyurethane foams. Better 
materials are required to meet many of society’s challenges. Dow experience demonstrates that 
harnessing new technologies for use in materials research delivers results, better targeting research 
and allowing rapid development of new products.  
 

A.N. Sreeram Senior Vice President  
R&D and Chief Technology Officer 
DOW 
ANSreeram@dow.com 
1 989 638 8330 
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From Alfred to Aalborg: Counting Constraints and Strengthening Glasses 
Professor Arun Varshneya’s research within glass science and technology 
has covered a variety of physical properties and glass making and 
processing techniques. This includes his pioneering work on glass 
mechanical properties, which overlaps with his role as president for Saxon 
Glass Technologies, a company that produces a chemically-strengthened 
glass injector device (EpiPen). Building on Prof. Varshneya’s ideas and 
results in the field, this talk intends to highlight some of our own research 
on glass strengthening through post-processing and/or topological 
optimization of the glass network. First, we discuss the use of topological 
constraint theory to understand and predict the hardness and indentation 

response of glasses. Second, we demonstrate the unique effects of pressure and thermal history on 
the strengthening of aluminosilicate glasses through ion exchange. Third, we highlight the importance 
of understanding glass structure and its response to densification for tailoring the mechanical 
properties. Specifically, we discuss how certain structural motifs, such as trigonal boron units, can 
lead to effective chemical strengthening, yet optimal intrinsic damage resistance.  
 

Morten M. 
Smedskjaer 

Department of Chemistry and Bioscience, Aalborg 
University 
Fredrik Bajers Vej 7H, 9220 Aalborg, Denmark 
+45 9940 3578 
 mos@bio.aau.dk 

 

Fifty years of professional interactions with Professor Arun Varshneya 
Both Arun Varshneya and I started graduate education in USA around the 
same time. Both of us worked on glasses almost exclusively. In this talk, I 
would like to look back his works- research, entrepreneurship, and 
philanthropy.  
 

Minoru 
Tomozawa 

Professor, Materials Science & Engineering 
Rensselaer Polytechnic Institute 
tomozm@rpi.edu 
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A Bond Exchange Approach to Glass Viscosity 
A model for glass viscosity based upon bond exchange and 
topological constraint is proposed. The model is considers the 
probability of bonds being broken in the glass network combined 
with the ability of the broken bond to reform at a different site in 
the glass structure, and differentiates between the contributions of 
primary covalent and secondary ionic bonding to the immobilization 
of the structure. The resultant equation has the form 1/viscosity = 
M(T-T0) exp(-E/(T-T0)) where T0 represents the temperature below 
which changes in secondary bonding strongly contributes to the 
viscosity response. Fit for this equation vs VFT will be provided for 
SLS glasses. This model can also be used to improve understanding 

of the effects of glass network structure and surface bonding on viscosity.  

Daniel Swiler Owens Illinois 
dan.swiler@o-i.com 

Story 1. 
The first time I met Dr. Varshneya I was searching for a masters thesis project. All the professors and 
graduate students that did not yet have a thesis were put in a room. It was a free for all. 
Many of the professors were mobbed.  But Dr. Varshneya was available, so I went over to talk to him.  
He said he had a great project on the strength of novel non oxide glasses.  I told him I was returning to 
grad school from industry.  He said, “great, then you know how to work.” 
I told him my expectation was to get a masters, then a PhD, and not spend a lot of time doing it.  He 
told me that If I worked hard, he could make it happen.  We both held up our side of the agreement. 
Years later at a conference I met a grad student colleague at a conference, and he said, “I wish I had 
Varshneya as an advisor. He really taught his grad students.”  I asked him why he didn't ask him to be 
his advisor and he said, “Everyone knew he was tough.” I suspect this perception led to his accessibility 
when pairing up with thesis advisors. 
Arun taught a generation of glass scientists that the most rewarding tasks are those that are also the 
most challenging. He taught me to be passionate about what I do, especially if it is related to glass.   
 
Story 2. 
The night before the Graduation ceremony we had a party in the “Suites”, dorm rooms rented out to 
graduates and their families by Alfred University. At the time, there was no hotel on, or near, campus.  
Arun and Darshneya attended.  
In typical college fashion, we would write our name, nickname, or distinguishing mark on our red solo 
cups.  In grad school, cups, like any other resource was limited. 
About half way through the night Arun walked up to me, raised his glass as to toast and said, “What 
do you think?” 
“I am glad to be graduating,” I said. 
“No, this!” he said holding the glass closer to my face. 
“It's a good party?” I said somewhat sheepishly. 
“No, the cup!” he said, proudly pointing to his drawing of specific volume of glass as a function of 
temperature, both cooling and reheating. “It’s going to be on the cover of my book!” 
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Prof. Arun K. Varshneya’s contribution to an early stage of atomistic 
simulation and a bright outlook on computer simulation 
Following the development of optical fiber networks of low-loss silica fiber 
and needs of large-capacity telecommunication by the wavelength-division 
multiplexing (WDM) technology, various kind of rare-earth doped fiber 
amplifiers were invented for different wavelength regions from O- to U- 
bands. Erbium, praseodymium and thulium were three representative active 
center ions, where the 4f-4f luminescent transitions at each key band require 
different properties for their host glasses, which are strongly correlated with 
the 4f energy level structures. There have been various scientific advances of 
concerted development in glass science and luminescence physics. After the 

invention of InGaN-based blue LED, the white LED lamps were invented in the very late 1990s, which 
has also driven the revolution in the lighting technologies in this 21st century. Most of LED lamps are 
a phosphor-converting type, in which the 5d-4f transitions of Ce3+ or Eu2+ doped phosphors play 
critical role, which can achieve broad and widely tunable luminescence in the whole visible range with 
large cross section. This talk will review the development histories of rare-earth doped materials for 
these two different technologies on the basis of required properties and design concepts as well as 
their future prospects.  
 

Setsuhisa 
Tanabe 

Kyoto University, 
Kyoto 606-8501, Japan 
Phone: +81-75-753-6832 
URL: http://www.talab.h.kyoto-u.ac.jp/ 
http://kyouindb.iimc.kyoto-u.ac.jp/e/wG1cF 
http://scopus.com/authid/detail.uri?authorId=7401677612 
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Prof. Arun K. Varshneya’s contribution to an early stage of atomistic 
simulation and a bright outlook on computer simulation 
It is well known that Prof. Varshneya is an eminent experimentalist in 
glass science and technology. To our amazement, he published an 
excellent paper in an early stage of atomistic simulation in the world. His 
paper, which was a joint research with Dr. Soules, used Molecular 
Dynamics simulation and demonstrated the change of boron coordination 
number in alkali borate and borosilicate glasses. In this talk, some MD 
papers published by pioneers in the early stage will be first reviewed. 
Then the present status and an outlook will be discussed.  
 

 

Akira Takada  
 

University College London, Gower Street, 
London W1E6BT, UK 
Home address: 
6-14-17 kanai, Machida-shi, Tokyo 195-0072, Japan 
Email: akira_takada_scientist@yahoo.co.jp 

 

 

 

On the relation between microstructure and flexibility of organic-inorganic 
silica aerogels 
Silica aerogel has a variety of excellent properties, but the mechanical 
brittleness inhibits the practical applications. Recently, many experimental 
efforts have been made to improve the compressibility and bendability of 
aerogels by hybridization with organic materials, and, very recently, novel 
hybrid aerogels composed of aliphatic hydrocarbon chains connected by 
siloxanes, namely doubly cross-linked aerogels (DCLAs), have been proposed 
as the most flexible and applicable aerogels [e.g. Zu et al., ACS Nano, 2018, 
12, 521]. To understand the origin of brittleness of the ordinal silica aerogel 
and the mechanism of flexibility of the DCLAs, we performed reactive 
molecular dynamics (RMD) simulations. The theoretical calculations allowed 

us to model the hybrid aerogels as a result of dehydration reactions among silanol groups. After 
polymerizations, deformation simulations and a variety of microstructure analyses, such as Qn silicon 
distribution, local deformation and ring size distribution have been conducted, and it was unraveled 
that the stiffness of brittle aerogels is originated from Q3 and Q4 silicons.  
 

Shingo Urata AGC Inc. Innovative Technology Research Center 
shingo-urata@agc.com 
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ICG 2019 Roast of Festschrift Honoree Professor Arun K. Varshneya 
Please join Dr. Varshneya’s daughters, Pooja, Kajal, and Rupal as the Glass Guru is subjected to light-
hearted jokes and satire to honor a him in a unique way. In addition to jokes and insult comedy, brief 
anecdotal reflections, genuine praise, and tributes may also be entertained. Be forewarned, though, 
friends, fans, and well-wishers may receive some of the same treatment too during the course of the 
evening!  

Pooja Varshneya Saxon Glass Technologies, Inc 
pvarshneya@gmail.com 
 

 

Tiny Bubbles: Unique Porous Wall Hollow Glass Microspheres and 
Applications in Medicine, Energy, Security, Environmental Remediation 
and Consumer Goods 
Abstract Body: Tiny Bubbles or Porous Wall Hollow Glass Microspheres 
(PWHGMs), are glass micro-balloons about 1/3 the diameter of a human 
hair. They range in size from a few to 100 microns in diameter, and have 
thin outer shells 1-2 microns thick. The most unique feature of PWHGMS 
is that they contain a continuous, through-wall nano-porosity, induced via 
phase separation and thermal/ chemical processing, and controlled on a 
scale of 100 to 1,000 Angstroms. This provides an opening or pathway for 
materials of interest to be loaded inside the microspheres or glass micro-

capsules. These cargos can take the form of solids, liquids and/ or gases, which can subsequently be 
released on demand. PWHGM technology was originally developed at the Savannah River National 
Laboratory for nuclear applications and is now being further advanced and tailored for a multitude of 
new uses in other fields and disciplines. This work is being performed at the Applied Research Center 
(ARC) in Aiken SC, as well as at a new biotech spin off company, SpheroFill, LLC. Among the interesting 
initiatives and uses being studied are PWHGM products for medicine, energy, environmental 
remediation and specialized consumer goods. The development of these unique materials, their 
capabilities, and few of their exciting new applications will be presented.  
 

George Wicks  
 

CTO, Applied Research Center, Aiken SC 
Wicks Consulting Services, LLC 
VP/CTO SpheroFill, LLC 
Savannah River National Laboratory, retired 
+1 803 979 0093; GG.Wicks@yahoo.com 
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Mechanical behaviour and the role of rigidity fluctuation and 
super-structural disorder 
Microscopic deformation processes determine defect formation 
on glass surfaces and, thus, the material’s resistance to 
mechanical failure. While the macroscopic strength of most 
glasses is not directly dependent on material composition, local 
deformation and flaw initiation are strongly affected by chemistry 
and atomic arrangement. Aside from empirical insight, however, 
the structural origin of the fundamental deformation modes 
remains largely unknown. Experimental methods which probe 

parameters on short or intermediate length-scale such as atom-atom or super-structural correlations 
are typically applied in the absence of alternatives. Recent evidence from spatially-resolved Raman 
spectroscopy in the THz-gap highlighted the importance of nanometer-scale structural heterogeneity. 
From such direct observations of deformation-induced variations on the characteristic length-scale of 
molecular heterogeneity, we revealed that rigidity fluctuation mediates the deformation process of 
inorganic glasses. Molecular field approximations which are based solely on the observation of short-
range (interatomic) interactions fail in the prediction of mechanical behavior. We will now present 
direct correlations between spatial fluctuations in shear modulus and the observed macroscopic 
behaviour.  

Lothar Wondraczek University of Jena 
Germany 
Lothar.wondraczek@uni-jena.de 

 

Observations related to the free volume theory of glass formation 
Quenching to the vitreous state is discussed from the point of view of 
the inherent fluctuations in both density and composition. Three 
examples are considered, viz. a random packing of hard spheres, vitreous 
silica, and "normal" glasses, for which the structure of the super-cooled 
liquid is defined by one or more chemical equilibria. For single-
component glasses (e.g. SiO2), the true measure of the ("free") volume 
available for the mechanism of viscous flow (bond switching) lies with 
the mean square number density fluctuation 2>, whereas, for glasses 
having more than one component, it is essential to take into account the 
temperature dependence of the various chemical equilibria, for which 
the equilibriation time is in general much longer than the times for bond 
switching and structural relaxation. It is also concluded that the presence 
of spatial fluctuations in both number density and composition has an 

important effect on the bulk (macroscopic) physical and chemical properties of the vitreous state.  
 

Adrian Wright Professor (Emeritus) Adrian C. Wright (Retired), 
J.J. Thomson Physical Laboratory, 
University of Reading, 
Whiteknights, 
Reading, RG6 6AF, U.K. 
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In-situ Raman mapping of glass under a Vickers indenter 
The Vickers indentation test has been long used to model cracking in 
glass. Not only from a technological point of view but from a scientific 
point of view, the indentation-induced cracking in glass is important to 
understand the nature of brittle fracture in an amorphous solid. Although 
it is known that the driving force for cracking in glass is attributed to 
indentation-induced stress in the glass, limited amount of information is 
now available on indentation-induced structural changes in glass under 
the indenter and on a relation between the structural changes and the 
driving force for cracking. In this study, in-situ Raman measurement of 
silicate glasses was performed to obtain in-situ Raman maps of the glasses 
during Vickers indentation. As the result, it was found that the Vickers 

indentation induces transient and permanent structural changes in glass, and that the structural 
change varies from point to point of the glass under the indenter.  
 
 

Satoshi Yoshida  
 

Associate Professor. Department of Materials Science 
The University of Shiga Prefecture 
2500 Hassaka, Hikone, Shiga 522-8533, Japan  
+81-749-28-8366 
yoshida@mat.usp.ac.jp 

 

Chalcogenide thin film for photovoltaic applications 
This work is on the preparation and characterization of chalcogenide thin 
films, prepared by using the technique of magnetron assisted sputtering, for 
photovoltaic applications. The earth abundant Sb2Se3 has been particularly 
studied. The critical parameters for obtaining high performance photovoltaic 
solar cells based on this compound have been found to be the appropriately 
controlled crystallization of the as-deposited amorphous thin films and the 
improvement of the electric conductivity of the absorber. Different doping 
strategies have been used for 
obtaining p-type and n-type 
Sb2Se3 semiconductors with 

adequate conductivity. It has been found that the doping 
has however negative effect on the quality of the 
crystalized thin film, especially on the size of the 
crystallites which has important influence on the 
performance of the solar cells. The crystallization 
mechanism of the doped and un-doped thin films has 
been carefully studied. The preparation and the 
performance of Sb2Se3 based homojunction thin film 
solar cells will be presented.  

Xianghua Zhang Research Director of the CNRS. Lab. glasses and ceramics 
Institute of Chemistry, University of Rennes I 
Campus de Beaulieu, 35042 Rennes, France.  
xzhang@univ-rennes1.fr 
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Dr. Arun K. Varshneya, Professor Emeritus   

 A Reflection on His Time at Alfred University 
 

Dear Arun, 

Let me begin by congratulating you on this special, once in a lifetime occasion - 
an International Festschrift convened  in your honor in conjunction with the 2019 
International Congress on Glass hosted by the American Ceramic Society. This 
venue was made possible through the vision of 2 world-renowned glass 
scientists and educators, Drs. Richard K. Brow and John C. Mauro, the latter 
being one of your doctoral students at Alfred University. That so many of your 
friends, colleagues, and former students across the globe willingly and 
enthusiastically gave of their time and treasure to share this moment with you 
speaks  to the  recognition of  your accomplishments  as an industrial  scientist 
and academic teacher, scholar,  researcher. 

As you know, I agreed to present a paper at your Festschrift entitled “The 
Essence of Science and Glass Science” - the abstract of this presentation is 
appended. As stated in this abstract, the Essence of Science is to predict, i.e., 
predict what is known to be true, observable, and verifiable by subsequent 
measurements. Reflecting on your career at Alfred University,  there was a time 
when I was asked to make a crucial prediction about you and your pending 
appointment to the faculty as an Assistant Professor of Glass Science.  Thus, the 
theme of my presentation at your Festschrift and now this Reflection on your 
career at Alfred coalesce in a remarkable way.  

Before giving the more details about this critical time in your career, let me offer 
that I knew you quite well before you joined the Alfred faculty having met and 
chatted with you many times  at various conferences we jointly attended. As I 
remember, you were knowledgeable, accomplished, self-assured, and not shy 
about offering views on a variety of topics both great and small.  Recognitions of 
these qualities  led  to an invitation from Prof. William C. LaCourse  to present a 
graduate seminar at Alfred which was followed by an invitation  to join the faculty 
by the Dean of the College of Ceramics.   
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A similar offer was made at that same time to Dr. James E. Shelby who readily 
accepted. We thought surely this would be the case for you but then I received a 
summons to the office of the Dean about a problem with your pending 
appointment. You had asked for a 1 year delay in joining the faculty in order to 
secure vested retirement benefits from your then current employer, General 
Electric. And given you were transferring from industry to academia - a pathway 
many find hard to navigate - I was asked if all of this was going to work out 
satisfactorily? In retrospect, it was a seminal moment in both of our careers for 
my prediction was yes, you would indeed honor this request for delay and join 
the Alfred faculty the following year as promised. Fortunately for both of us, this 
prediction turned out to be true. It was also a seminal moment for Alfred 
University for your joining the faculty led to the fulfillment of a long time goal of 
Professors Harrie J. Stevens, William C. LaCourse and myself - we had a glass 
group! In this context the listing below of respective doctoral thesis advisors of 
this group is both interesting and noteworthy:  

Harrie J. Stevens -  Harold T. Smith, Rutgers University                                               
William C. LaCourse - J. Douglas Mackenzie, Rensselaer Polytechnic Institute                                                                  
James E. Shelby - Delbert E. Day, University of Missouri at Rolla                                 
Arun K. Varshneya - Alfred R. Cooper, Case Western Reserve University                                                                                                    
L. David Pye - Thomas J. Gray/Sir Neville F. Mott, Alfred University 

I should mention at that time several others at Alfred joined this group  in glass 
research efforts including Drs. Van Derick Frechette, James R. Varner, Robert A. 
Condrate, and shortly thereafter Alastair N. Cormack and Alexis G. Clare. 

Your joining the faulty had some great moments, of course, including an 
awareness by you that yes, academic life was different from industry but as 
predicted, the transition was successfully made. Thankfully so in that soon 
thereafter Professor LaCourse and I proposed the formation of an Institute of 
Glass Science which was readily accepted by Alfred University’s Board of 
Trustees. Remarkably, in that same year, 1984, we received an invitation to 
submit a proposal to an industry-based group called the “Fireside Committee” to 
create an Industry-University Center for Glass Research and Education. I will 
always believe your industrial experience helped strengthen  our proposal  to the 
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establish this Center at Alfred and in turn led to substantial funding by industry, 
national laboratories, and the National Science Foundation for nearly 2 decades. 

The next chapter in your academic life centered around your first sabbatical 
leave which, somewhat to our surprise, instead of visiting another university or 
government laboratory like so many of had done previously, you chose to remain 
in Alfred and  author what you perceived was a great need across the globe - a 
modern textbook on glass science and engineering. I must admit that  we were 
somewhat astonished by the resulting  breadth of this textbook which, contrary to 
our anticipation that you would  write mostly about the subjects you had 
previously researched and discussed, what emerged was a comprehensive 
summary of nearly all of  the  properties of glass, i.e., “Fundamentals of Inorganic 
Glasses.” Now in its 3rd edition, this textbook gave you great credibility in offering 
of short courses throughout the world - an initiative which continues to this day.  
All of this has brought great honor not only to yourself but Alfred University and 
continues as you go forward in your professional life as an Emeritus Professor of 
Glass Science, Alfred University. 

Yet, notwithstanding your success in authoring  this text and its reception across 
the globe wherever glass science and engineering is taught and researched, by 
far your greatest contribution to this field may be found in the support you gave in 
1993 to establish at Alfred University the first and only Ph.D. program in Glass 
Science in the United States. I will be forever certain that your support for this 
new program was crucial to its founding. I might add that the entire Alfred faculty 
can take some pride in knowing nearly 3 dozen students have received this 
degree to date, many of whom have gone on to outstanding  careers, e.g., Dr. 
John C. Mauro, Prof. Materials Science and Engineering, The Pennsylvania 
State University, and co-author of the 3rd edition of “Fundamentals of Inorganic 
Glasses.” 

I conclude with an observation made about you by many in recent years, i.e., you 
have become much more mellow toward  fellow glass scientists/ engineers/ 
educators in matters great and small, and that you have reached out to  many to 
make sure their accomplishments in  glass science and engineering do not go 
unrecognized. I include myself in this group and behalf of so many others, thank 
you. 
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So, take care good friend – bask in your manifold accomplishments and enjoy 
the rest of this century which is now regarded by many to be the Dawn of the 
Glass Age. 

 

L. David Pye   

Dean and Professor of Glass Science, Emeritus                                                
Past President, The American Ceramic Society                                                
Past President, The International Commission on Glass 
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Front: Trevor Kokot, Darshana, Arun, Amanda Olson, 
Hoikwan Lee (Samsung Display); Back: Garrett Olson, 
Jeongseok Lee (Samsung Display) 
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AU president Mark Zupan (left) 
Don McPherson (right) 

 

Co-Founders of Saxon Glass 
Professors Bill LaCourse (left); 
Alix Clare (middle) 

Students and Faculty of glass science 
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Dr. Fabiano Nicoletti
Honorary President
International Commission on Glass

Boston, June 13, 2019

Celebrating
Prof. Arun Kumar 
Varshneya

Boston, June 13, 2019

Ladies and Gentlemen good morning,

At the end of last year I welcomed the invitation of 
John Mauro and I felt truly proud to participate in 

this “Festschrift” in honor of

my old friend

Prof. Arun Kumar Varshneya,

to celebrate his special merits for the advancements 
of glass science and technology.
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Boston, June 13, 2019

Arun began publishing in 1966, at age 22, in the 
Journal of Applied Physics:

“Changes in Composition during Electron 
Microprobe Analysis of K2O‐SrO‐SiO2 Glass”.

This was the result of a research carried out together 
with Prof. A.R. Cooper and Prof. M. Cable, during his 

Bachelor of Science degree at the Sheffield  
University, presented at the Annual Meeting of the 

American Ceramic Society.

Boston, June 13, 2019

Starting from the 70s, Arun began to deal
with ion exchange in glass arriving at

an important publication in the
Journal of Non‐Crystalline Solids of 1975:

“Kinetics of the Ion Exchange in Glass”.

This was the event that greatly attracted my interest 
as a glass researcher and advised me to closely 
follow Arun’s literary production in this field. 

51



Boston, June 13, 2019

While taking care of almost every physical property 
of glass, glass making and processing,

the research topic he preferred becomes over time
the ion exchange in glass.

This important scientific and technological issue will 
be what will allow him to be recognized as the 

maximum expert.

Of his over 160 research publications, at least 25 
have been dedicated to the ion exchange in glass. 

Boston, June 13, 2019

After 1975 Arun re‐appeared on the ion exchange 
scene on 1985 after he joined Alfred University with 

two publications:

• The first in the Journal of the American Ceramic 
Society, “Influence of Externally Applied Stresses 

on Kinetics of Ion Exchange in Glass”;

• The second in the Journal of Non‐Crystalline 
Solids, “Containers for the 21st Century: 

Opportunities for Lightweighting”.
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Boston, June 13, 2019

In 1994 Arun celebrates his 50th birthday
by publishing his solo‐authored

textbook on glass, entitled

“Fundamentals of Inorganic Glasses”,

now to its third edition, an ideal textbook for both 
graduate and upper‐level undergraduate students.

Boston, June 13, 2019

His scientific production on ion exchange
starts again in 1998 and continues until

the last publication of 2018 in the
International Journal of Applied Glass Science:

“Stronger Glass Products: Lesson Learned and Yet to 
be Learned”.
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Boston, June 13, 2019

In 2006 we had the chance to compete 
for the solution of an important 
problem of mechanical resistance of 
glass cartridges for emergency 
autoinjectors…

1. The background

2. The Industry today

Boston, June 13, 2019

The background

The first auto‐injectors were originally 
developed for the rapid administration
of nerve gas antidotes in kits for easy 
self‐injection in military environment
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Boston, June 13, 2019

Glass cartridge
For

MedicationNeedle
Pre‐loaded

spring Safety cap

The injection device was characterized
by a glass cartridge associated with very
high mechanical stress, typical of the 
rough intended use in emergency
situations… in a battlefield.

Very high risk of 
breakages!

The background

The first auto‐injectors were originally 
developed for the rapid administration
of nerve gas antidotes in kits for easy 
self‐injection in military environment

Boston, June 13, 2019

Molten salt

BEFORE ION EXCHANGE

Molten salt

AFTER ION EXCHANGE

Solution:

improving mechanical performances of 
the glass cartridge through
ion exchange process

The background

The first auto‐injectors were originally 
developed for the rapid administration
of nerve gas antidotes in kits for easy 
self‐injection in military environment

Glass Cartridge Glass Cartridge
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Boston, June 13, 2019

Molten salt

BEFORE ION EXCHANGE

Molten salt

AFTER ION EXCHANGE

Solution:

improving mechanical performances of 
the glass cartridge through ion 
exchange process

The background

The first auto‐injectors were originally 
developed for the rapid administration
of nerve gas antidotes in kits for easy 
self‐injection in military environment

Glass Cartridge Glass Cartridge

Arun won the game, was the first to implement an 
industrially viable ion exchange process for 

pharmaceutical use and helped save many lives.

His work and his results contributed, indirectly, also 
to the optimization of glass tubing converting 

technology.

Boston, June 13, 2019

The Industry today

While glass vials are produced also by blow molding of molten 
glass gobs, ampoules, cartridges and syringes can be produced 
only by glass tubing converting technology.

Below, some examples of typical pharmaceutical containers from 
glass tubing
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Boston, June 13, 2019

The Industry today

While glass vials are produced also by blow molding of molten 
glass gobs, ampoules, cartridges and syringes can be produced 
only by glass tubing converting technology.

Below, some examples of typical pharmaceutical containers from 
glass tubing

In particular, 
cartridges and 
syringes are 
typically intended to 
be used in 
combination with 
an injection device

Boston, June 13, 2019

Glass Tubing
Loader

Glass Tubing
Converting
Machine 

Afterforming Transfer

Annealing
furnace

Final
Packing

Dimensional
Controls

Cosmetic
Controls

A typical Glass Tubing Converting Line  

Glass Tube Glass Container

The Industry today
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Boston, June 13, 2019

The Industry today

Glass Container Breakage increases safety risk for patients and health professionals.

Tensile Stresses and Surface Flaws are responsible
for glass container breakage:

• Tensile Stresses come from pinch points, squeeze locations and star wheels

• Surface flaws come from Glass‐to‐Metal and Glass‐to‐Glass Contacts 

Boston, June 13, 2019

The Industry today

The last generation of glass tubing converting technology mitigate the risk of tensile 
stresses or surface flaws formation.

• The mechanical strength of glass cartridges produced today is more than sufficient 
for their standard uses and their applications in self‐injectors and pen‐injectors.

Only for some particular applications is today required a greater strengthening of the 
cartridge, obtainable only with ion exchange
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Boston, June 13, 2019

The Industry today

The tests applied to improved No Glass‐to‐Metal and No Glass‐to‐
Glass process show up to 3 times better performances compared 
to a standard process.

Horizontal
Compression

(N)

Vertical
Compression

(N)

Cone
Test
(N)

(No G2M) Glass‐to‐Glass #1

(No G2M) Glass‐to‐Glass #2

(No G2M) No Glass‐to‐Glass 

Process

Test

Boston, June 13, 2019

Arun’s studies in ion exchange process triggered the 
determination of the mitigation actions.

The Industry today
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Boston, June 13, 2019

Conclusion:

I met Arun for the first time about 50 years ago and, from 
then, we had many occasions to meet and to share 

professional experience.

In particular the annual and triennial conferences of the 
International Commission on Glass, were excellent occasions 

to discuss and to strengthen our friendship.

After 50 years it is still always nice for me to meet Arun and 
discuss with him.

His enthusiasm and knowledge continue and will continue 
to enrich me and all our glass world.

Thanks a lot Arun!
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NEW UNIQUE-TO-THE-WORLD CAPABILITIES
INCREASE THE PACE AND IMPACT OF MATERIALS INNOVATION AT DOW

A.N. SREERAM

Senior Vice President, R&D and Chief Technology Officer

TOPOLOGICAL CONSIDERATIONS OF CHALCOGENIDE GLASSES

2
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WORLD LEADING SCIENCE TO SOLVE OUR CUSTOMERS’ TOUGHEST CHALLENGES

3

First in Class Capabilities and Talent

modeling and computation  high throughput  analytical  application testing 

HIGH THROUGHPUT CAPABILITIES & RESEARCH AT DOW

4

• Catalysis

• Adhesives

• Personal Care

• Coatings

• Thermoplastics &  Thermosets

• Formulated Systems

• Solvents & Lubricants

• Consumer Products

• Packaging Films

AREAS OF EMPHASIS AT DOW

Transforming & Accelerating New Product Development

SAMPLE

PREPARATION

& SYNTHESIS

PROPERTY
MEASUREMENT

PERFORMANCE

ASSESSMENT

10X-1000X IMPROVEMENT IN EXPERIMENTAL PRODUCTIVITY

2-3X ACCELERATION IN NEW PRODUCT DEVELOPMENT

Catalyst Synthesis & 
Screening

Film testing

INTEGRATED WORKFLOWS

Automated 
Formulation

HTR Polymer 
Characterization

Material 
Characterization

Film Preparation & 
Evaluation
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ADVANCED MODELING OF FLEXIBLE PACKAGING DRIVES CUSTOMER SOLUTIONS

5

Strain distribution mapping for drop test analysis

Added Bonus: 
Photorealistic Rendering

Dow R&D Combines
High Speed Camera Analysis

Finite Element Modeling

Multivariable models relating resin, 
film structure & package design 
with application performance

New predicted shapes based on physics

PACKAGING INNOVATIONS TO IMPROVE FUNCTIONALITY AND SUSTAINABILITY

6

All PE Stand Up Pouch Design

Film Structure

BENCHMARK
FILM

50 Pounds, 8 Foot Drop Test

Differentiated Resins Enable 
Breakthrough Performance & 

Downgauging

Resin Design

Converting Rigid to Flexible Packaging

Package Design
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THERMAL PAPER FREE OF CHEMICAL DEVELOPERS

7

ROPAQUE™ NT-2900 Opaque Polymer for BLUE 4EST™ Thermal Paper

2017 Presidential Green Chemistry Challenge Award
Joint with partner Koehler Paper Group 

Technology: Physical Change Rather Than Chemical ReactionTechnology: Physical Change Rather Than Chemical Reaction

ROPAQUETM NT-2900 reflective hollow spheres appear white and collapse when 
heated by the thermal printhead, allowing underlying color to show
BLUE 4ESTTM thermal paper with ROPAQUETM NT-2900 is compatible with existing 
point-of-sale receipt printers and, as an added bonus, the images do not fade with time

Before Printing After Printing

Market TrendsMarket Trends

• BPA-Free, Phenol-Free
• Environmentally Friendly

Product TrendsProduct Trends

• No Chemicals of Concern
• Compatible with Existing Printers

Color 
Layer

Hollow Spheres Reflect Light Collapsed Spheres Transmit Light

MOLDABLE OPTICAL SILICONES

8

Challenging Applications
PHILIPS Deep UV Disinfection

Outdoor Lighting VS Lighting                              
M-Class Outdoor Lighting Module

Headlamp Assembly
HELLA KGaA Hueck & Co.     

Matrix LED Module

Performance 
Silicones
Opportunities

A Lighting 
Revolution

ca. 1900-2000 AD ca. 2000-Today
Incandescent Modern LED

Market Trends 

Product Trends 

• High Power, High Efficiency
• LED Roadway Lighting
• Adaptive Headlights

• High Photo/Thermal Stability
• Environmental Stability
• Design Flexibility

Injection moldable optical silicones for lenses and light guides 
with excellent design flexibility and thermal stability
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ECOFAST™ PURE: SUSTAINABLE TEXTILE TREATMENT

9

Conventional Cotton Dyeing Process Challenges:

• Long cycle time

• Significant amount of salt needed

• >100:1 water usage for cotton dyeing

• Unreacted dye  many long wash cycles  waste water & dye loss

ECOFAST™ Pure Treatment Benefits:

• Reduces the environmental impact of textile operations

 Reduce chemical, dye usage

 Reduce water and energy use

• Delivers brighter, bolder & longer lasting colors

• Provides access to unique colors on cotton

POLYURETHANE MATERIALS: COMFORTSCIENCE
ULTRA HIGH AIR FLOW MEMORY FOAM

10DOW CONFIDENTIAL - Do not share without permission

Unique technology provides 
best in class air flow in memory 

foams for superior comfort 

Current Best-in-Class MDI Visco
(3-4 ft3/min)

Dow’s Breathable MDI Visco
(7-8 ft3/min)

1mm 1mm

Enables 0.2 second moisture-wicking
7X the standard for viscoelastic foams

Dow
Air Flow (ft3/min.) for 1 inch 

Visco Foams with P = 125 Pa

M
od

ifi
ed

 A
ir 

Fl
ow

 (f
t3 /m

in
.)

Compressive Strain
0% 20% 40% 60% 80% 100%
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Dow Breathable Visco
Best-in-Class Visco

Standard Visco
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Lessons learned from Dr. Varshneya and 
my 25 year journey in the architectural 
flat glass industry
Pete Anderson

Timeline

• Fall 1987 Alfred University – BS Ceramic Engineering

• Spring 1990 Co-Op at GE Material Characterization Lab

• 1991 Senior Thesis Advisor 

• 1992-1993  Alfred University – MS Glass Science

• 1994 – Began career with Viracon, Inc.
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Lessons learned

• Working hard / long hours

• High expectations for his students

• Choose your teams wisely

• Curiosity…trying to understand the science behind the 
process

• Take the time to mentor others

History with Viracon, Inc.

• Company founded in 1970
• Located in Owatonna, MN
• Primarily focused on architectural glass and 

automotive replacement windshields.

• Today architectural glass for tall buildings, sports arenas, hospitals, 
education and government.
• Aesthetics, solar performance, quality and new products
• Viracon Mission Statement – “To deliver the highest quality, widest 

variety of customized architectural glass solutions for the 
creation of distinctive commercial buildings around the world.”

• Career with Viracon in both New Product Development and Process 
Engineering
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Major Developments in 
Architectural Glass

• Hurricane Resistant Glazing

• Low e coating technology

• Producing Flat Heating Glass

Hurricane Products

• Hurricane Andrew 1992

• Keep building exterior intact to                                              
prevent wind and water damage.

• Testing Protocol 
• Survive multiple impacts 

• Large missile impact & Small missile 

• Product evolution of hurricane resistant laminated glass
• Glass - Interlayer - Glass  

• 090 pvb → pvb/PET composite → GCP → SG rigid ionomer
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Low emissivity coatings

• Purpose of low e coating – “keeps the 
heat where you want it”
• Performance 

• SHGC – solar heat gain coefficient 
(rejects solar radiation) 

• Aesthetics (color, visible light 
transmission and reflectivity)

top coat

metal oxide

barrier layer

top coat Ag

metal oxide metal oxide

barrier layer barrier layer

top coat Ag Ag

metal oxide metal oxide metal oxide

barrier layer barrier layer barrier layer

Ag Ag Ag

metal oxide metal oxide metal oxide

glass substrate glass substrate glass substrate

single Ag double Ag triple Ag

Coating 
Type VLT

Exterior
Reflectivity Color SHGC

Double Ag 
(mid 90’s) 

70% 11% minimal 0.38

Hybrid Low e
(≈2000)

53% 30% “neutral” 0.39

Triple Ag 
(≈2010)

62% 10% “green” 0.33

Examples of Low e coatings

• Double Ag Low e • Hybrid Low e • Triple Ag Low e
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Achieving “Flat” Heat Treated Glass

• Most  float glass used in commercial building applications must be 
heat treated to increase strength for use in commercial buildings.

• Float glass is heated to 620°C+ and optical distortion can develop in 
the glass during the heat treating process.

Flat 
Glass

Equipment 
Tempering 

Furnace

Distortion 
Measurement 

Technique

Float Glass 
SupplyOperator

Process 
Control
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Advances in Flat glass

“1994”
1. IR heating in furnaces
2. Single point temperature 

reading at exit
3. Zebra boards online 

observations.

3. 3 point trolley roller wave 
measurements off line

Present
1. Convection / more zones / 

heating control.
2. IR scan of full lite of glass 

exiting the furnace.

3. Online optical distortion 
measuring equipment (mD
and roller wave)

Producing buildings with minimal distortion
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Dr. Arun Varshneya Festschrift

How Observational Learning Can Shape 

One’s Life
25th International Congress of Glass

June 2019

Robert M. Callahan

Dr. Arun Varshneya Festschrift

2

Let’s Start this Story at the End….
My Role at Global Infrastructure Partners

• Work with C-Suite of Portfolio Companies

 Develop & Execute on EBITDA/Cash Improvements

 Drive Carve-outs of Acquiring Company from Seller

• Board Member of Portfolio Companies

 Key Member of Various Board Committees

 Formulate and Shape Business Strategies

• Drive Operational Aspects of Deal Execution 

 Develop Operational Opportunities for Potential Deals

 Identify and Mitigate Operational Deal Risk
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Dr. Arun Varshneya Festschrift

“Only you hold the key to your true potential.” Anonymous

Now for the Beginning of the Story….

Highlight of a Less than 
Stellar Academic Career 

“There is no heavier burden than an unfulfilled potential.” Charles Schulz

Dr. Arun Varshneya Festschrift

4

Arun
Varshneya

Importance 
of Science

Clear, Concise 
Writing

Style Dealing 
with Bad 
News

Conflict 
Management

Clear 
Thinking

Ability to 
Self‐Learn

Unbeknownst to me, the Seed to the End of the Story Did Begin at Alfred….

Undergraduate/Graduate Time with Dr. Varshenya

• Developed Foundational Technical Skills

 Science or Engineering?

 Clear, Concise Writing

• Learned Key Leadership Behaviors

 Appropriate Style when Dealing with Bad News

 Criticality of Conflict Management

• Cultivated Personal Traits

 Clear Thinking and Problem Solving

 Ability to Self-Learn and Continuous Growth

Observational Learning of Dr. Varshneya Paved the Road For Me
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Dr. Arun Varshneya Festschrift

5

Is it Engineering or Science…. First Professional Role

Technology of Night Vision Goggles
• Fiber Optics, Semiconductor
• Powder Processing, Thin Films
• Materials Science, High Vacuum Technology

Dr. Varshneya Shifted my Thinking to a Higher Plane  

Science Underpins All this Technology
Dr. Varshneya Taught Me the Importance 
of the Science Behind Engineering

Dr. Arun Varshneya Festschrift

6

There is Actually a Third “R”….Who Knew!!

𝑓 𝑥 𝑎 𝑎 cos
𝑛𝜋𝑥
𝐿

𝑏 sin
𝑛𝜋𝑥
𝐿

There is Only One “R”…Math Right??

After All, I am an Engineer (oops “Scientist”)

What my Observations of Dr. Varshneya Taught Me

1. My Writing Needed Serious Help…I was “Grammatically Challenged”

2. Crafting a Clear, Concise Sentence is Much More Difficult than Solving Math/Science Problems

3. I Needed to Begin Working (and Continue) on this Third “R” Immediately
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Dr. Arun Varshneya Festschrift

7

Then in The Summer of ‘88 - I “Blew” The Lab Up….

Key Learnings from this Event

1. Chalcogenide Glasses – Can “Smoke”

2. How to Deal with “Bad News”

3. Why Conflict Management is Critical

4. Cleaning the Lab After a Blow-up is No Fun

A Fact Based & Non-Emotional  Approach Has Served Me Well

Dr. Varshneya Handled This Event By:

1. Probing with Non-Emotional Fact Based Questions. Drawing no Conclusions until there was Data

2. Addressing Conflict and Not Avoiding It or Delegating as Many Leaders Do

Dr. Arun Varshneya Festschrift

8

The Most Critical Skill Learned – How to Solve a Problem

• The “Village” of Alfred University Trained Me How to Solve Problems

• Three Years with Dr. Varshneya Honed and Polished this Skill Set

• Fictive and Glass Transition Temperatures May Address a Question on “Jeopardy” but…

• Problem Solving Skills Sharpened by Dr. Varshneya Defines Almost 50% of the ROI of my AU Education

• Define the Problem

• Collecting Facts/Data

• Analyzing the Data

• Applying Experience/Knowledge

• Use Scientific Knowledge to 

Validate Solution/Hypothesis
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Dr. Arun Varshneya Festschrift

9

The “2nd Most” Critical Skill Developed – Learning how to Self-Learn

Over the Last 30 Years, I have Learned

• Multiple New Technologies

• 10+ Different  Industries

• 15+ Corporate Cultures

• Varied Business Functions

 IT, Finance, Sales, Pricing

 General Management, HR

 Capex Mgmt., Invest. Banking

• Similar to Problem Solving  - The “Village” of Alfred University Trained Me How to Self-Learn

• Observing Dr. Varshneya Learn and Adjust His Thinking Reinforced the Criticality of this Skill

• Self-Learning Skills Reinforced by Dr. Varshneya Defines the Other Half of the ROI of my AU Education

Dr. Arun Varshneya Festschrift

10

“What lies behind you and what lies in front of you, pales in comparison to what lies inside of you”

- Ralph Waldo Emerson

“A good teacher affects eternity; he can never tell where his influence stops”

- Henry Adams

“There are two kinds of teachers: the kind that fill you with so much quail shot that you can’t move, and the kind 

that just gives you a little prod behind and you jump to the skies”

- Robert Frost

The  Dr. Varshneya “Seeds” in Me Took Hold and Blossomed… 

Dr. Varshneya….Thank You for the “Prod”
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Dr. Arun Varshneya Festschrift

11

A Life that has Been Full…..It has been a “Very Good Year”

A professor who teaches not just about mass balance or the Carnot cycle but one who 

imparts life lessons is one that a student remembers for the balance of their life.

I had such a professor in "Dr. Varshneya" over 30 years ago and the lessons he taught 

me have endured. Lessons that have made a difference in who I have become. Some of 

these lessons were direct and others helped me identify my gaps and motivated me to 

improve.

Dr. Varshneya for this, I cannot thank you enough for it has helped me lift the “heavy 

burden of an unfilled potential” and live a life that is full.
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Strengthened glass by Ion Exchange: 
Residual stress profile nagging issues

Guglielmo Macrelli (1),  Arun K. Varshneya (2),  John C. Mauro (3)
(1)Isoclima SpA‐R&D Dept. Este (PD), Italy

(2)Saxon Glass Technologies & Alfred University, Alfred (NY), USA
(3)Department of Materials Science and Engineering, The Pennsylvania State University, USA

The genesis of this study: 

Cambridge – UK, Sept. 2018, in front of St. John’s College
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Science & Technology of 
Ion Exchange in Silicate Glass: the origins

Ion Exchange : 1913 – Schulze G. Ann. Phys. (Leipzig) 40 (1913) 1115.

Ion Exchange for glass strengthening: 

1962 – Kistler, S.S. J. Am.Ceram.Soc. 45 (2) 59‐68.
1962 – Acloque, P & Tochon, J. In "Colloquium on Mechanical Strength of Glass and 
ways of improving it.  Florence, Italy. Union Scientifique Continentale du Verre, 
Charleroi, Belgium pp. 687‐704.

Ion Exchange for high strength structural glazing
applications

Ion Exchange (IX) in silicate glasses is a non equilibrium mass transfer process
on a non equilibrium, non crystalline state of matter,  leading to a 

“forbidden glass structure” [*] 
[*] J.C.Mauro, R.J.Loucks; J.Non‐Cryst.Solids, 355 (2009) 676.

IX main physical effects on glass articles: 

Concentration profile ‐ c(x,t)

Change of the Refractive index ‐ n(x,t)

Generation of a residual stress profile ‐ (x,t) ‐ as a result of 
stress build‐up and relaxation phenomena
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High strength structural glazing applications: examples

The determination of (x,t) is needed for high strength structural glazing applications.
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A.R. Cooper Theory: A.R. Cooper and D. A. Krohn, J. Am. Ceram. Soc. 52 (12) (1969) 665‐669.
A. Y. Sane, A. R. Cooper, J. Am. Ceram. Soc. 70 (2) (1987) 86‐89.

Residual Stress

Incoming ions concentration – C(x,t)
LNDC – Cooper Coeff. ‐ B

Young Modulus ‐ E 
Poisson’s ratio ‐ 

Incompatible Strain

Molar Volume ‐ Vm

Relaxation function ‐ R(t)
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1. The observed magnitude of the surface compression is around a factor of 2 to 5 lower 

than what is calculated (“the network dilation anomaly”). 

2. The observed compression maximum is often subsurface. 

3. An anomalous subsurface tension maximum can be observed at a depth immediately 

following the zero of compression. 

4. Higher hardness of the glass extends significantly deeper than the depth of compression 

layer. 

Residual stress profile anomalies ( the nagging issues)

SOLVED

THIS STUDY

TO BE SOLVED

TO BE SOLVED

yy,0  = 2.6 GPa

,0

,0

MD
yy

yy

V




‐relaxation

ANOMALY 1 – Solution (The  V‐Factor)
A. K. Varshneya, G. A. Olson, P.K. Kreski and P.K. Gupta, J. Non‐Cryst. Solids. 427 (2015).

G. Macrelli, Int. J. Appl. Glass Sci., 9 (2018) 156‐166  
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Donald & Hill Experiment – Li‐Mg‐AluminoSilicate
J.Mat.Sci. 23 (1988) 2797‐2809
Biaxial Stress measurements at room temperature

IX  Li+  Na+ 49h 3855°C

ANOMALY 2 – The first dramatic evidence

Here this anomaly appears in a dramatic 
form: the surface compression turns to 
tensile upon prolonged ion exchange.
Donald & Hill proposed that the reduction in 
compression was a result of the differential 
thermal contraction of the exchanged layers 
with respect to the substrate. 

Varshneya and his students experiments 2002/2004
Uniaxial Stress measured in situ at the IX 
temperature (385°C)
Glass type “A” of Donald&Hill experiments
R. Schaut, B. Sci. thesis at Alfred University,  (Advisor 
A.K.Varshneya)  (2002)
M. Schmidt, B. Sci. thesis at Alfred University, 
(Advisor A.K. Varshneya)  (2004)
Gradual reduction of the uniaxial surface 
compression UA and its eventual conversion to 
tension was observed with time.
This clearly refuted the Donald and Hill hypothesis. It 
also refuted Sane and Cooper’s approach to explain 
relaxation based only on viscous flow. 

ANOMALY 2 – The evidence of stress relaxation in isothermal conditions
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EDS Concentration Depth Profile
R. Schaut, B. Sci. thesis at Alfred University,  
(Advisor A.K.Varshneya)  (2002)

Weight increase of composition A 
as function of immersion time (time)1/2

I.W.Donald, M.J.C. Hill, J.Mat.Sci. 23 (1988) 2797‐2809

ANOMALY 2 – Not a result of inter‐diffusion kinetics effects (back diffusion of Na+ ions)

Glass Types/

Analysis (mol%)

A B C D E F

Li2O  29.60 30.30 20.76 17.68 17.86 18.72

Na2O  / / 4.82 4.26 4.31 2.26

MgO 9.96 8.12 10.35 10.92 11.03 19.42

B2O3 / / 2.43 3.79 3.84 1.20

Al2O3 9.90 10.11 10.29 11.51 11.63 10.42

P2O5 1.15 1.19 / 1.03 / 0.98

SiO2 49.39 50.28 51.35 50.81 51.33 47.00

Vm (cm3/mol) 21.28 21.44 22.27 23.04 22.73 21.72

Vm CEAM Na↔Li 25.10 25.34 24.78 25.35 25.06 24.34

B∙C0 0.0598 0.0603 0.0376 0.0334 0.0342 0.0402

B – (LNDC)

(mol%)‐1
0.00202 0.00199 0.00181 0.00189 0.00191 0.00215

Biaxial Stress 

(0,0) (GPa)
5.73 5.67 3.79 3.47 3.56 4.39

Stress Profile 

anomaly (RT)

yes yes yes yes yes no

Surface stress 

reversal

yes yes no no no no

Analysis of
the anomaly
in terms of molar
Volumes and
induced strain/stress
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A rational explanation of Anomaly 2 lies in the recognition that 
volume shrinkage rather than constant volume (isochoric) viscous shear 
relaxation is the key to the anomaly. 

The volume shrinkage or densification must be triggered by the 
immense hydrostatic stress that accompany ion exchange at certain levels 
of exchange. 

ANOMALY 2 – In search of a rational explanation

ANOMALY 2 – In search of a rational explanation: a mechanical model 
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Mathematical Model:
From the V‐Factor to the V(x,t)‐function (V is for Varshneya)
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Detailed Comparison: model predictions (red continuous lines) 
measurements (blue boxes) – IX 2h & IX 8h

0 25 50 75 100 125 150 175 200
200

160

120

80

40

0

40

80

120

160

200

Stress Profile Comparison - IX 36h

Depth (micron)

St
re

ss
 (

M
P

a)

σUA x( )

s 1

 

x s 0

 



0 21 42 63 84 105 126 147 168 189 210
100

80

60

40

20

0

20

40

60

80

100

Stress Profile Comparison IX 49h

Depth (micron)

St
re

ss
 (M

Pa
)

σUA x( )

s 1

 

x s 0

 



Detailed Comparison: model predictions (red continuous lines) 
measurements (blue boxes) – IX 36h & IX 49h
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Conclusion

 A rational explanation of anomaly 2 lies in the recognition that volume shrinkage rather than 
constant volume (isochoric) viscous shear relaxation is the key to the anomaly. 
The volume shrinkage or densification must be triggered by the immense hydrostatic stress
that accompany ion exchange. 

 Evidences have been presented of anomaly 2: subsurface compression maximum turning to 
tensile in prolonged IX. The isothermal stress measurements refute both the hypothesis of the 
differential thermal contraction of the exchanged layers with respect to the substrate and the 
argument of relaxation based only on viscous flow. 

 It has been presented the list of anomalies in residual stress profile generated by ion
exchange (IX) strengthening of silicate glasses.

 A mathematical model has been introduced based on a V(x,t)‐function that takes into account
fast ‐relaxations, slow ‐relaxations and structural relaxation.
 Comparison of calculated values and measured ones exhibits a good agreement in the full
range of IX times. 

Outlook

Application of the model to other glass compositions (Soda‐lime, Sodium Alumino Silicate).

Better understanding of the correlation between structural relaxation and ion exchange: 
driving mechanisms from non‐equilibrium to meta‐stable supercooled liquid states and how

they are relevant to IX for different glass compositions and structures: 
does TCT play a role on this?  

Attack anomaly 3: additional work on V(x,t) function. 

G.Macrelli, A.K.Varshneya, J.C.Mauro,
Simulation of glass network evolution during chemical strengthening: Resolution of the 

subsurface compression maximum anomaly, 
Journal of Non‐Crystalline Solids 520C (2019) 119457
(Accepted for publication, currently in production)
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My personal THANK YOU! to Arun for all I learned working with you!

88



Kreski, 2019-06-11

Practice, theory, and more practice: 
A sampling of work from 2008 to 2015

Patrick K. Kreski

June 11, 2019

Kreski, 2019-06-11
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Kreski, 2019-06-11

History
• About PK

－ Alfred University 2003-2014
－ Most recent PhD student of Dr. Arun Varshneya

• Topics covered from 2008 through 2015, 
primarily as related to chemically 
strengthened glass

• For fun
－ SCHOTT Lighting and Imaging in Southbridge MA

－ Resides on campus of American Optical
－ Built upon technology first developed at Galileo

Non-linear deflection during MOR
Edge strength with ball impact
Dimensional swelling
Molecular dynamics sim. of alkali 
stuffing w/ many many many variations
Fundamentals of stuffing alkali accom.
Warp of float glass
Glass enamel on spandrel
Everything else

Kreski, ICG-SVII-016-2019, 2019-06-11

3

Kreski, 2019-06-11

Outline

• Weakening of spandrel glass by vitreous enamel

• Micro mechanics of stuffing alkali accommodation

• Curvature control of chemically strengthened float glass

Kreski, ICG-SVII-016-2019, 2019-06-11

4
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No one is perfect, but a good recovery goes a long way

Kreski, ICG-SVII-016-2019, 2019-06-11

5

Kreski, 2019-06-11

Vitreous enamel on spandrel
• Enamel-coated substrates tend to display lower MOR

－ Both Krohn, et al.* and a sponsor had shown ~50% lower characteristic strength

• Single-side enamel-coated window glass
－ Typically roll-coated onto substrate, then fired to simultaneously fuse enamel and 

heat-strengthen the substrate

• Goal: better understand the internal stress state
－ Residual stress profiles via photoelastic birefringence
－ DSC, microprobe, FEA, & analytical solutions
－ Consider observations relative to 

ASTM C1048-04

Kreski, ICG-SVII-016-2019, 2019-06-11

Ref: PK Kreski, MS Thesis, Alfred University (2009) ; MH Krohn, et al., J. Am. Ceram. Soc. 85 [10] 2507-14 (2002) 6

IGU exterior IGU interior

Opaque enamel
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Vitreous enamel on spandrel
• Stress birefringence

－ Anneal to remove heat-strengthening
－ Measure stress profile of enameled sample

－ Integrate to estimate stress state in enamel
－ Grind away enamel, then re-measure stress profile

－ Take difference of stress profiles to isolate 
the CTE-mismatch contribution

• Additional considerations
－ Alkali interdiffusion above Tg: shifts CTE
－ and below Tg: ion-exchange-induced stress

Kreski, ICG-SVII-016-2019, 2019-06-11

Ref: PK Kreski, MS Thesis, Alfred University (2009) 7

Kreski, 2019-06-11

Vitreous enamel on spandrel
• Lessons

－ Difficulty achieving a ‘dead anneal’ can be overcome with math (!) and use of the 
differences of profiles (with enamel and removed)

－ Cases identified where enamel CTE of 5-10x10-7/°C above that of the substrate 
could exceed heat-strengthening compression      contribution to lower MOR

－ ASTM C1048 guidelines given at the time were only valid under a very narrow set 
of conditions

－ Excellent introduction to simple mechanics of internal stresses, compatibility, etc.

Kreski, ICG-SVII-016-2019, 2019-06-11

Ref: PK Kreski, MS Thesis, Alfred University (2009) 8
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The ‘good book’ is your one-stop shop

Kreski, ICG-SVII-016-2019, 2019-06-11

9

Kreski, 2019-06-11

Micro mechanics of stuffing alkali accommodation
• Network accommodation mechanisms in Na+ K+ exchange and resulting 

chemical expansion coefficient (LNDC) are not well-understood

• At the time, use of molecular dynamics simulations to study network 
response to invading K+ was relatively new

• Goal: see what MD simulations can tell us about stuffing K+ in Na+ sites
－ Examine multiple scales: 

bond lengths – coordination – bond angles – connectivity (Qn) – ring size distribution – molar volume
－ Use of Voronoi polyhedra to establish sites and observe their changes
－ Laboratory component: 

dimensional swelling of chemically strengthened glass with time and temperature

Kreski, ICG-SVII-016-2019, 2019-06-11

Ref: PK Kreski, PhD Thesis, Alfred University (2014) 10
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Micro mechanics of stuffing alkali accommodation
• Short version..

－ Examined binary sodium silicates, SLS, and SMAS
－ LNDC shows a relationship to network polymerization & alkali site similarity

Kreski, ICG-SVII-016-2019, 2019-06-11

Ref: PK Kreski, PhD Thesis, Alfred University (2014) 11

Kreski, 2019-06-11

• So how close are the MD sim. LNDC to laboratory LNDC?

• Possibly multiple 
relaxation time domains 

Micro mechanics of stuffing alkali accommodation
Kreski, ICG-SVII-016-2019, 2019-06-11

Refs: PK Kreski, PhD Thesis, Alfred University (2014)
[#] H Ohta and M Hara, Reports Res. Lab. Asahi Glass Co. 20 [1] 15-31 (1970)

EE Shaisha and AR Cooper, J. Am. Ceram. Soc. 64 [1] 34-6 (1981)
[*] MN Svenson, et al., ACS Appl. Matter. Inter. 6 [13] 10436-44 (2014) 12

Glass
Maximum Stress Magnitude (GPa)

This MD Study Literature
(Specialty Techniques)

Traditional Chemical 
Strengthening

SLS -1.67 +/- 0.04 -1.4 [#] -0.55

SMAS -1.41 +/- 0.09 -1.2 [*] -0.85
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Micro mechanics of stuffing alkali accommodation
• Lessons

－ Stuffing K+ ions are accommodated by local alkali site re-arrangement, 
enabled in-part by Si-O-Si bond angle changes

－ MD simulations have their place; experimentalists always catch up*

－ You have to stop somewhere; dot your i’s later

－ A PhD is an incredible opportunity – not always recognized at the time

Kreski, ICG-SVII-016-2019, 2019-06-11

13*For example: C Ragoen, et al. J. Non-Cryst. Solids 474, 9-15 (2017)

Kreski, 2019-06-11

What is novel, unique, non-obvious today? Kreski, ICG-SVII-016-2019, 2019-06-11

14Photo: Science Museum Group Collection, © The Board of Trustees of the Science Museum, London
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• Chemical strengthening of thin, SLS float glass typically results in warp
－ Good if you happen to need that exact curve
－ Less good if you would like a different curve, or a flat sheet

• A shotgun approach:
－ Viscoelastic shape change

－ Paste-based chemical routes: 
--tin-side pre-treatment, 
--expose the tin side to a larger sea of invading ions, 
--slow the interdiffusion on the air side

－ Simply expose to an extended heat treatment

Curvature control of chemically strengthened glass
Kreski, ICG-SVII-016-2019, 2019-06-11

15Ref: AK Varshneya, 78th Conference on Glass Problems, Issue 1, Volume 39, SK Sundaram editor, 191-200 (2018)

Substrate

Medium A Medium T

Kreski, 2019-06-11

Curvature control of chemically strengthened glass
• Lessons

－ There are many ways to bend glass

－ Do it by the book

－ When a good business opportunity comes along, it is worth delaying your thesis

－ Glass is always providing clues

Kreski, ICG-SVII-016-2019, 2019-06-11

16
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Bits and pieces
• Things to be missed: 

－ Trips abroad
－ Small business
－ Thoughtful earnest discussion
－ Home-cooked dinners

• Things not to be missed: 
－ E-ops
－ Small business
－ Sample prep. and stress birefringence measurements with a Berek compensator
－ Keeping up with Dr. Varshneya’s work ethic

Kreski, ICG-SVII-016-2019, 2019-06-11

17

Kreski, 2019-06-11

Learning is a never ending pleasure, 
so long as you’re reading the good book, 
on your way to a novel, unique, and non-obvious discovery*

Kreski, ICG-SVII-016-2019, 2019-06-11

18*An AKV mash-up
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Heat Transfer in Fibrous Insulation: 
Fundamental and Applied Aspects

M. K. Choudhary, Sc.D., P.E.

Adjunct Professor, Dept. of Materials Science & Engineering

The Ohio State University

1

Some Moments with Arun

ICG -2010 (Salvador) ICG -2013 (Prague)

2

98



Some Moments with Arun

ICG -2015 (Bangkok) GOMD -2018 (San 
Antonio

3

Outline

• Background information

• Relevant heat transfer phenomena

• Modeling of conduction and radiation 

• Results on effective thermal conductivity 

• Prediction and measurements

• Metal  Building Insulation Assemblies
– Background details

– Modeling of flow and heat transfer

– Results and measurements

• Concluding remarks

Fundamental

Applied

4
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Why Did AV Become a Glass Scientist?

1

Late Mr. Nathi Lal Varshneya, a laboratory glass supplier,

advised his son Arun to study glass science.

But why did the senior Varshneya become a glass‐man?   

We seek answer in terms of the workings of the 

‘law of karma” 

through a blend of history, myth, & geography  

On the Origins of Arun Varshneya’s
Association with Glass

• VARSHNEYA‐ belonging to Vrishni Clan, an ancient tribe in India 

Who are Varshneyas? 

• Mathura (close to Agra, where Arun hails from) was the principal
kingdom for Vrshnis and their allies.  

• The Greatest Varshneya for eternity: LORD KRISHNA 
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Ancient India 

3

Mathura 

Indraprastha

Bhota (Tibet)

Who are Varshneyas? 

Southwest Migration of Vrshnis 

4

Mathura 

Bhota (Tibet)
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The tragic end of the Vrishni kingdom 

5

Mathura 

Indraprastha

Bhota (Tibet)

The great kingdom of Vrishnis in Dvarka flourished for ~ 36 years.

The Vrishnis were cursed, and destroyed themselves in a fratricidal war.

Survivors straggled back to Mathura.  

6

 Limestone

How does this explain AV‐Glass association?  

Soda Ash

Silica

Mathura

Dvarka
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Explanation, contd; Enter ‘Law of Karma’

7

Deep immersion of Arun’s 
ancestors in sand, limestone, 

soda ash   mining
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Background: Sustainability and Insulation

32%

28%

21%

19%

Transportation

• 2015 US Energy Usage ( Total: ~ 98 x 1015 BTU)

Industry

Residential

Commercial

40%

(1/3 for heating & cooling)

• CO2 emission from heating  & cooling of buildings ~ 681 x106 tons

• Global insulation market in 2013 ~ $ 36.1 x 10 9

(Ref: http://www.eia.gov/beta)

(http://buildingsdatabook.eren.doe.gov)

5

Background:  Building Insulation Materials

Insulation type Thermal conductivity [mW /(m 
K)]

Foamed Plastic (XPS, EPS, PUR) XPS/ EPS: 30 – 40, PUR: 20‐30

Fiberglass 30‐40 

Mineral wool 30‐40

Others (Cork, Cellulose, etc.) 40‐50

(Ref: Jelle; Energy and Buildings, vol 43, 2011, pp 2549‐2563 ) 

40%

6
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Relevant Heat Transfer Phenomena

• Gas conduction, kg
• Solid conduction, k
• Natural convection, knc

• Forced convection (leakage)

• Scattering / absorption of IR, k

k k knc k

k f k , k , optical constants, pack structure …

kc⊕

7

Conduction: Limiting Cases

Parallel network

v = volume fraction fiber =  /s

k vk 1 v k

Series network

k
k k

1 v  k vk

Parallel

Series

Parallel

Series

𝐤𝐬 𝐤𝐠⁄ 𝟒𝟎

8
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Conduction: Statistical Bounds; contd.

• Volume fraction, v is the simplest statistical information. 
Additional information needed to obtain better bounds.

• Additional info introduced through n‐point correlation 
function. That function is the sum of probabilities of ‘n’ 
points falling in all possible combinations of phases.

• The 3‐point correlation function used successfully to 
estimate effective properties of two‐phase materials.

• The 3‐point Correlation function, 3 for 2‐phases 

• The material consists of a large number of closed surfaces 
(cells).  3 depends on shape and distribution of the cells. 
Variational principle and perturbation expansion used.

γ ε   ∙ p , ε  ε ∙ p , ε  ε   ∙ p , ε   ∙ p ,

Note, γ ε  ∙ p , ε  ∙ p , ε ∙ v ε ∙ 1 v

9

Statistical Bounds on kc, contd.

• 3D dispersed fibers 

k vk 1 v k

α
k
k

K , K , 1
.

K , K α v α 1
4v 1 v α 1

3 1 α 0.5 α 1 2v 1

1

1.2

1.4

1.6

1.8

2

0 0.01 0.02 0.03 0.04 0.05

kc
/k
g

Vol. fraction fibers

ks/kg = 40

upper

lower

10
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Natural Convection

Th Tc

g

Th

Tc

g

H

L

Nu  
qL

k T T
f Ra ,

H
L

L

H

Ra Πg βΔT/ α ν
Permeability 

~ 10‐9 – 10‐8 m2

Thermal diffusivity

~ 2.2 x 10‐5 m2/s

Kinematic viscosity

~15.7 x 10‐6 m2/s

Coeff. expansion

~ 2.2 x 10‐5 m2/s

11

2 < RaH < 20

Conduction regime

H/L >>1

0.1 < (L/H) (RaH)
0.5 < 0.4

Conduction dominated regime

Relevant Heat Transfer Phenomena

• Gas conduction, kg
• Solid conduction, k
• Natural convection, knc

• Scattering / absorption of IR, k

k k knc k

kc⊕

For insulation density ~ 10 kg/m3 (vol. fr. Fiber ~ 0.5)

kc ~ 70%,          kr ~ 30%

kc:~  60% gas, 10% solid 
12
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Radiation Heat Transfer

z
I


I


• Fiber dia, D  ~ O( ), simplifications for small or large D/not possible.
• Rigorous solution of Maxwell’s equations required.

• Absorption & scattering through a blanket of glass fibers need to be solved.

• Fibers are thin cylinders with a specified orientation distribution.

13

cos θ
dI
dz

α
π

E α  γ  I
γ
4π

I ω Φ ω, ω dω  

q 2π I I cos θ sin θ dθ q q dλ

1)(eλn

c
E

λT
2C52
1

bλ




Radiation Heat Transfer, contd.

• Absorption & scattering by a particle are quantified through respective 
cross sections, Ca, Cs .

• Need to calculate Ca, Cs for waves incident at oblique angles to a 
cylinder. Ca, Cs depend on the optical constant (n‐ik) of the material. 
[Kerker, “The Scattering of Light and Other Electromagnetic Radiation”, Acad. Press, 1969.]  

• ,  for the insulation are related to Ca, Cs through the total fiber 
length per unit volume, Lv.  

α 𝐶 L       ;  γ C L

• For randomly oriented fibers

L
4
π

ρ
ρ

1

D f D dD

4
π

ρ
ρ

1

D σ

α C cos ϕ f D dϕdD

γ C cos ϕ f D dϕdD

14
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Spectral Optical Constants for Fiberglass 
Ref: R. L. Houston, “Combined Radiation and Conduction in a Nongray Participating Medium that Absorbs, 
Emits, and Anisotropically Scatters”, PhD Thesis, The Ohio State University, Columbus, Ohio, 1980.  

15

Absorption and Scattering Cross Sections

D= 7 m

Ref: R. L. Houston, “Combined Radiation and Conduction in a Nongray Participating Medium that Absorbs, 
Emits, and Anisotropically Scatters”, PhD Thesis,The Ohio State University, Columbus, Ohio, 1980.  

Optically Thick or Diffusion Approximation, kr

τ 𝛽 dz ≫ 1

q
4

3β
dE

dZ
4

3β
dE

dT
dT
dZ

k
dT
dZ

H

z

β α χγ

k
4

3𝛽
dE

dT

700 K

500 K

300 K

Near IR:  0.8 – 3 m
Mid IR:  3 ‐50 m k k dλ

χγ is the phase function avg.

scattering coefficient 
16
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Calculated Conductivities at 297 K 
3D random, D= 7 m  

kc

keff

kr
kr

Radiation Radiation, Conduction, Effective

17

Effect of Temperature
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Calculated 

Measured*

* R.L. Houston; “ Combined radiation and conduction in a nongray participating medium
that absorbs, emits, and anisotropically scatters”, Ph.D. Thesis, The Ohio State University, 1980. 
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Background: Metal Building Insulation Assembly

ROOF WALL

FG Insulation

Structural Units 
(Purlin) (Girt)

Metal panel

Metal panel

Foam Block 

19

APPLICATION
Heat Transfer in Metal Building Insulation Assemblies  

Background: Details of MBI

FG

FG 

Purlin /Girt 

Metal Panel

FG
Foam

Air  FG 

FG 

ΔTtimeArea

FlowHeat
U




Thermal Performance  

Exterior

Interior

20
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Standing Seam Roof Assembly Tested in a Weather Chamber  

Left‐insulation
Mid-insulation

Right‐insulation

Purlin height = 0.2 m (8”)
Purlin flange = 0.64 m (2.5”)

Air‐space

Math Model:  System Considered

21

15.5

30.4

15.9

7.4

7.50Screws = 0.09

Total in = 76.9 W

76.7

Clips =  0.18

Total out = 76.9 W (Hot Box = 72.5 W)

U = 0.369 Btu/ft2 hr F (Hot Box = 0.349) ~ 94% Agreement



Model Prediction Vs. Measurements  

Model was tested against several assemblies with > 90%  agreement

283 K

311 K

22
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Concluding Remarks

• Reviewed heat transfer in low density fibrous insulations.

• Free convection may usually be ignored; conduction & radiation dominant.

• Discussed statistical bounds for the combined gaseous and solid 
conductions over a range of insulation densities.   

• Discussed an approach for calculating radiative heat transfer through an 
array of fibers (not necessarily randomly oriented).

• The approach calculates absorption and scattering coefficients of the 
fibrous network from single fiber absorption & scattering cross sections. 

• Glass fibers absorb radiation most in the 8 to 25 m range. Scattering is 
mostly in forward (or incident) direction. Only the part away from forward 
contributes to the ‘extinction coefficient’. 

• Presented calculated results for the conductive, radiative, and effective 
thermal conductivities for randomly oriented fibers. 

• Calculated results were in good agreement with measurements. 

23
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Observations Related to the Free Volume Theory 
of Glass Formation

Adrian C. WRIGHT

J.J. Thomson Physical Laboratory, University of Reading,
Whiteknights, Reading, RG6 6AF, U.K.

Arun Varshneya Festschrift
XXV International Congress on Glass and American Ceramic Society Glass & Optical 

Materials Division Annual Meeting,
Boston Park Plaza Hotel, MA, USA, June 9th to 14th 2019.

Three Different Systems

Question
Why is vitreous SiO2 such a notable exception to the free volume 

theory? To answer this question, consider the three following cases:

Random Packing of Hard-Sphere Atoms
The repulsive component of the inter-atomic potential comprises 

an infinitely high precipice at r = 2R, where R is the atomic radius. 
There is no attractive potential, and the atoms are held together by an 
externally applied pressure (or simulation box).

Vitreous SiO2

Viscous flow occurs via bond switching, and network relaxation at 
constant network topology is driven by the atomic thermal vibrations. 

"Normal" Glasses
The liquid structure is defined by one or more chemical equilibria.
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Ideal Disorder
What do these three systems have in 

common?

The glasses are all ideally disordered, 
as shown by the fact that, as the 
scattering vector magnitude, Q  0, the 
small-Q scattering (below) is isotropic, 
continuous, and tends to a finite limit, 
S0, at zero Q.

Top right: A Lorentzian fit 
to the first diffraction peak for 
vitreous SiO2.

Bottom right: A fit to the 
structure factor, S(Q),

S(Q)  =  S0 +  c2Q2.

Long-Range Density Fluctuations

What does ideal disorder mean in 
real space?

If the long range density fluctuations 
are decomposed into their Fourier 
components, all Fourier wavelengths, 
, are present up to  = , and in all 
possible spatial orientations.

If a sampling volume, v, is moved 
around the sample, the average number 
density, v°, within it will vary, as 
shown by A and B (right).

The limiting value of S(Q) as Q  0 is related to the mean square 
density fluctuation within v, ° being the sample number density,

S0 =  v <v
2> /°.
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Hard Sphere Atoms

Above r = 2R, the atoms are kept apart 
by the thermal vibrations, thus creating 
"free volume" for viscous flow.

As the temperature, T, is reduced, the 
amplitude of the thermal vibrations 
decreases, leading to an increase in the 
atomic packing density, , towards the 
limiting value for a random close packing 
of ~0.64.

Since there is no attractive potential, 
the system does not crystallise, because 
the most densely-packed motif in 3 
dimensions (a regular tetrahedron formed 
from 4 atoms in contact) doesn’t 
tessellate.

Zero-Q Limit, S0

In reciprocal space, the 
increasing atomic packing density,
, (decreasing temperature, T) 
leads to a decrease in S0.

The value of S0 can be 
calculated from Percus-Yevick 
theory, and is given by

S0 =  (1 – )4/(1 + 2)2,

It can thus be seen that a random close packing (  0.64)
corresponds to the point where S0 tends to zero. In other words, ideal 
disorder is no longer possible.

Does this represent an "ideal vitreous state"?

116



Vitreous SiO2

In essence, the free volume theory 
argues that the increase in viscosity 
upon cooling results from a contraction 
of the "free volume".

An important question, therefore, 
concerns the identity of the reference 
volume to which the "free volume" is 
referred; i.e. at what point does the 
"free volume" tend to zero?

In the case of vitreous silica, the 
equilibrium network topology, as 
expressed in terms of the shortest-path
ring statistics, is a function of the temperature. Hence the reference 
volume is similarly temperature dependent, since the average number 
density, °, also depends on the ring statistics. 

Vitreous SiO2

The distribution of the average number density, v°, for 
vitreous SiO2 for sampling volumes, v, of radius 4 Å 
(long-dashed line), 5 Å (dash-dotted line), 6 Å (short-
dashed line) and 7.5 Å (solid line). The vertical arrows 
indicate the average number density, °, for crystalline 
-cristobalite (A), triclinic -tridymite (B), -
cristobalite (C), -quartz (D) and -quartz (E).

Assuming that the 
distribution of average 
number densities, v°, for 
a sampling volume, v, is 
Gaussian leads to the 
distributions shown right.

If the reference 
volume is assumed to be 
at the high end of these 
distributions, then the 
RMS density fluctuation, 
as represented by S0, is a 
much better measure of 
the "free volume"
available for viscous 
flow.

117



"Normal" Glasses

For "normal" glasses, the melt structure is determined by one or 
more chemical equilibria, and so the distribution of (super)structural 
units present varies with temperature, making the identification of a 
reference volume even more difficult.

The simplest example is vitreous B2O3, where there is only one 
equilibrium, that between boroxol groups and independent BØ3

triangles:
B3O3Ø3 3BØ3.

The situation for alkali silicate glasses is more complicated, in that 
there is a whole family of equilibria of the form:

½M2O + Si[n] M+ + Si[n-1] (1  n  4)

and

2Si[n] Si[n+1] + Si[n-1] (1  n  3),

where Si[n] represents a structural unit with n bridging oxygen atoms.

Vitreous B2O3

As indicated on the previous 
slide, the structure of (super-
cooled) liquid B2O3 is governed 
by the equilibrium between 
boroxol groups and independent 
BØ3 triangles.

The fraction of the boron 
atoms that are involved in 
boroxol groups, xB, decreases 
with increasing temperature, T.
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The fraction of the boron atoms in boroxol 
groups, xB. Black solid line, thermodynamic 
modelling and blue triangles, Raman data.

118



Vitreous B2O3

Closed circles, 225°C; open circles, 255°C; closed 
squares, 275°C; open squares, 300°C and closed 
triangles, 335°C (after Golubkov).

For super-cooled liquid B2O3

equilibriated below a 
temperature, T0 = 240°C, the 
SAXS behaves in the same way 
as for vitreous silica.

However, above T0 there is an 
extra component centred at zero 
Q that increases in magnitude 
with increasing temperature.

This extra SAXS arises from 
the transition state volume 
associated with the break-up of 
boroxol groups to yield 
independent BØ3 triangles.

Vitreous B2O3

Closed circles, 225°C; open circles, 255°C; 
closed squares, 275°C; open squares, 300°C 
and closed triangles, 335°C (after Golubkov).

In a further experiment, 
Golubkov carefully equilibriated 
the super-cooled liquid at 245°C, 
just above T0, and then stepped the 
temperature up to 270°C.

The extra SAXS intensity 
increased above the equilibrium 
value for 270°C, and then fell back 
to this value.

However, the time to achieve 
equilibrium at 270°C was 3 hours, 
indicating that the rate of 
achieving equilibrium at 270°C is 
extremely slow when compared to 
typical quench rates.
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Vitreous B2O3

Complementary light 
scattering experiments by Bokov 
show that the equilibriation time 
increases with decreasing T, and 
tends to infinity at T0.

On quenching to the vitreous 
state, xB starts to lag behind its 
equilibrium value, and so that 
frozen-in at Tg corresponds to the 
equilibrium value at a higher T. 

The transition state volume is also frozen in, as may be seen from 
the above plot of the number density, °, for samples of vitreous B2O3

rapidly quenched from the super-cooled liquid carefully equilibriated 
at a temperature Te. Note that ° starts to fall off more rapidly above
T0 = 240°C.

Conclusions
For a random packing of hard spheres, the reference for calculating 

the "free volume" is a random close packing ( ~ 0.64), which 
corresponds to the point where ideal disorder is no longer possible.

The problem for vitreous silica is in defining the reference volume, 
since this will vary with T, according to the network topology, as 
defined by the ring statistics by shortest-path analysis. Hence a much 
better measure of the "free volume" is the RMS density fluctuation, as 
defined by S0.

Glass formation in systems with liquids whose structures are 
governed by one or more chemical equilibria is even more 
complicated, since the temperature dependence of the reference 
volume reflects that of the equilibrium distribution of the 
(super)structural units that form the network.

At present, the only glass for which there are data on the relevant 
equilibriation times is vitreous B2O3.
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Dr. Arun K. Varshneya: 
Educator, Mentor,
Scholar, Entrepreneur, and 
Philanthropist

Dr. John C. Mauro
Professor of Materials Science and Engineering
College of Earth and Mineral Sciences
The Pennsylvania State University
jcm426@psu.edu 
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1994

Old Testament

2006

New Testament

2019

Book of Mormon

Mentor
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Alfred representation at the Non-
Oxide glass conference, Indian 
Institute of Science, Bangalore

Entertaining  at the IIS, Bangalore

2007 ICG President’s Award, Strasbourg (France) with Alev Yaraman
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Educator

Sofia Mauro starting early
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With Gupta and Varshneya families

Sofia with grandparents, 
Ron and Susie Mauro

126



127



• Within schools, 63% of the incidents occur in elementary schools 
and 37% occur in high schools.

• Rate of anaphylactic reaction in the general population: About 60 
per 100,000 individuals.

• Death rate from anaphylaxis is approximately 2.4 deaths per 
million individuals (i.e., about 780 deaths per year in the U.S.)

• Average age of death from food anaphylaxis is 20 years old.

• Assuming a median lifespan of 79 years, each life saved by 
EpiPen yields ~59 additional life-years per individual, or 46,020 
life-years for those 780 fatalities.

https://www.forbes.com/sites/frankdavid/2016/08/29/epipen/#24dd1364f306
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1

Do you really know what glass is?

Analysis
11 January 2018

Edgar Zanotto, 

Federal Univ of São Carlos (Brazil) IS GLASS

SOLID or LIQUID ?

2

On my fun and educational 3-decade 
interaction with the Glass Guru

3 4

headquarters

Edgar D. Zanotto 
Vitreous Materials Lab – Federal University of São Carlos, Brazil

OUTLINE

Travelling around the world experimenting
Indian cuisine, and striving to understand
glass, especially:

- ion exchange and strengthning of glasses

- do cathedral glasses flow? Is glass solid
or liquid?

5

Arun and I first met in
Saint Petersburg, Russia,  ICG 1989

6
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However, we only started to interact in
a historical town in Brazil –

Ouro Preto (Black Gold), in 1999

7 8

Discussing chemical strengthning of glass
Ouro Preto, 4th BrazGlass 1999

From left to right

Oswald Serra – sol-gel expert

Ed Zanotto –

Claudio Kiminami – met glasses

Marcel Poulain – F glasses

Valmor Mastelaro – EXAFS

Rose Simencio – PhD student

Arun

Chemical strengthning of glass

9

Recommended review article

Varshneya, A.K.- Stronger glass products: 
Lessons learned and yet to be learned
(2018) International Journal of Applied 
Glass Science, 9 (2), pp. 140-155.
------
Arun has published over 20 other educative 
articles on ion-exchange in glasses

Source: SAXON GLASS
Corning’s Gorilla Glass

AGC’s Dragrontrail

SHOTT’s Xensation

10

SAXON’s Ionex® is suitable for most 
glasses, typically used in 

pharmaceutical, container, and 
cover glass for electronic devices. 
Increase usable strength by 50% to 

800% over untreated glass.

Ion-ex strengthning is now a very well-known process, 
however it was not that famous back in the ninities

11

ARUN’S EARLY PAPERS ON I.E. PROVIDED RELEVANT BACKGROUND 
INFO FOR MY SECOND RESEARCH CONTRACT WITH 

INDUSTRY IN 1985!

VARSHNEYA, A.K., MENCIK, Z.
Application of Iterative Deconvolution Technique to Ion-Exchange Study of 
Glass
(1974) Journal of the American Ceramic Society, 57 (4), pp. 170-172. 

VARSHNEYA, A.K., MILBERG, M.E.
Ion Exchange in Sodium Borosilicate Glasses
(1974) Journal of the American Ceramic Society, 57 (4), pp. 165-169. 

VARSHNEYA, A.K.
Influence of Strain Energy on Kinetics of Ion Exchange in Glass
(1975) Journal of the American Ceramic Society, 58 (3-4), pp. 106-109. 

Varshneya, A.K.
Kinetics of ion exchange in glasses
(1975) Journal of Non-Crystalline Solids, 19 (C), pp. 355-365. 

VARSHNEYA, A.K., PETTI, R.J.
Finite Element Analysis of Stresses in Ion-Exchanged Glass
(1976) Journal of the American Ceramic Society, 59 (1-2), pp. 42-46. 

VARSHNEYA, A.K., DUMAIS, G.A.
Influence of Externally Applied Stresses on Kinetics of Ion Exchange in 
Glass
(1985) Journal of the American Ceramic Society, 68 (7), pp. C-165-C-166. 

Thermal shock resistant, ion-exchanged
(low Na) borosilicate glass

Oscar Peitl &
ED Zanotto 

Journal of Non-Crystalline Solids 
247 (1999) 39-49 12

The Zanotto group
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13

T      

IE strengthned glass – CeRTEV edition

14

‘s vandal proof glass!

15

Sorry for the
lack of NBOs

A gift from Arun for our acomplishment

Do cathedral glasses flow?
Fact: 
some
medieval
cathedral
window
glasses are 
thicker at
their bottom

1998 - Discussing the alleged (measurable) flow of 
medieval cathedral glasses 

Do cathedral glasses flow?— Additional remarks

Do cathedral glasses flow?— Additional remarks

We estimate a lower bound for the relaxation time at 
room temperature for a modern window glass based on 
extrapolated isostructural viscosity data. 

Relaxes in  > 10 24 years.
Even longer flow time!

< > =  iso

/ Go,

Edgar D. Zanotto &  Prabhat K. Gupta
Am. J. Physics, vol. 67 (1999) 260-262.

ACKNOWLEDGMENTS 
We acknowledge encouragement and meaningful

discussions with Professor Arun K. Varshneya.

glass guru 
cousin

Studying wine glasses in
Strassbourg, France. ICG 2007

18
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Result of studying several wine glasses
in Strassbourg, ICG banquet 2007

Zanotto 19

Other technical discussions around
the world

St. Petersburg, Russia, 1989

Ouro Preto, Brazil,        1999

Strassbourg, France      2007

Salvador, 2010

Aachen, 2014 

Miami, 2015

Alfred, 2015

Sheffield, 2016

Salt Lake, 2016

Hawaii, 2017

San Antonio, 18

Alfred, 2019 

Boston, 2019

Salvador, Brazil, ICG 2010
Continuing the quest for interesting problems in 

glass science and tech

21

SALVADOR, ICG 2010, Brazil
Dick Brow teaching berimbau 
play to a capoeira master. 

Arun
watching

Aachen GOMD/DGG, 2014
Any other glass issues to work on?

23

Aachen 2014, 
JNCS board dinner

24

Arun
EDZ
Soga
Yoshida
...........
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Miami GOMD/DGG 2015
Still trying to understand glass...

Miami 2015, GOMD / DGG meeting

Uops; missing
a few GOMD 
talks...           

Preparation for Rupal’s
wedding at Eden Roc
Hotel - Miami Beach

Busy with an
Indian dish tasting

Estimating the viscosity, surface
tension, and density of fresh and
sea water

International Conference on The Physics of
Non-Crystalline Solids, 

20-25 Sep. 2015. Niagara Falls, USA

28

Spectacular Indian banquet in Alfred offered by Arun and
Darshana

Thank you, Darshana!

So, we had a lot of fun in 
Strasbourg, Salvador, Aahen, 

Miami, and Alfred, however, we
have not made our minds on what

glass is...

29

Hence, we’ve decided to seek for 
advice from Sheffield University, 

where we both graduated

Sheffield, UK 2016

to understand the causes of things
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GOMD ‘dream team’ attends SGT centenary 
celebration in the UK

Ceramic Tech Today, September 22, 2016 (by Eileen de Guire)

By Arun Varshneya

Approximately 40 GOMD members led by chair-elect Edgar D. Zanotto, 
ACerS attended the centenary celebration of the Society of Glass 
Technology (“SGT100”) in Sheffield, U.K., September 4–8, 2016.
……………….
The highlight of the centenary celebration was the Turner Memorial Lecture, 
delivered by EDZ on September 6th.The lecture followed a presentation by 
Pye of a commemorative stained glass artwork designed and crafted by 
him on behalf of the GOMD membership. Pye was introduced to the 
attendees as an American glass artist by Zanotto and Feller.

The Turner Award Lecture was preceded by a 
wine, cheese, and Indian culinary reception
sponsored primarily by 
Saxon Glass Technologies 32

SGT Centenary Conference & ESG2016
Sunday 4th September 2016, Sheffield

Unique Short Course in Glass Technology

Sheffield Alumni´s Teachings in Glass and Glass-Ceramics

Two recognized glass teachers who received their own education in glass at Sheffield 
band together to bring you the continuing legacy of WES Turner. Professors Arun
Varshneya and Edgar Zanotto could claim to have taught a significant share of the 
world's students in glass during the past 35 years. They are the embodiment of 
Sheffield glass technology department DNA. Over a six hour period, Varshneya and 
Zanotto will cover some of the critical topics in glass science and technology:

(1) Commercial glass composition families
(2) What is glass? 
(3) Glass structure
(4) Viscosity
(5) Relaxation, Glass transition, Annealing
(6) Nucleation and crystallisation
(7) Chemical durability
(8) Strength and strengthening
(9) Commercial glass making
(10) Glass-ceramics

33

Let´s borrow a 
plot from the

cover of a famous
glass science

textbook

Discussion in Sheffield 2016

Guru’s opinion

Glass transition
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Frozen = a temporary, transient stage

Glasses spontaneously relax ! 
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GLASS 
STRUCTURE
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Crystal nucleation versus structural relaxation

Edgar D. Zanotto and Daniel R. Cassar
The race within supercooled liquids—Relaxation versus crystallization, 

The Journal of Chemical Physics 2018,149(2):024503

37
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Frozen = a temporary, transient stage

39

Crystallization

The Zanotto group

What is glass?
• "a frozen undercooled liquid"; [2]

• "an inorganic product of fusion that has 
cooled to a rigid condition without 
crystallisation"; [3] 

• "an X-ray amorphous material that 
exhibits the glass transition"; [5] 

• "a solid having a non-crystalline 
structure, which continuously converts to 
a liquid upon heating"; [6]

• …..

The glassy state of matter: Its definition and 
ultimate fate 

Edgar D. Zanotto, 
John C. Mauro
JNCS 471 (2017) 
490–495 

Glass is a non-equilibrium, non-
crystalline condensed state of matter 
that exhibits a glass transition. 

The structure of glasses is similar to 
that of their parent supercooled
liquids (SCL), and they 
spontaneously relax toward the SCL 
state. 

Their ultimate fate is to crystallize!

41

The glassy state of matter: Its 
definition and ultimate fate

42

Acknowledgements

“The authors are grateful to the CeRTEV
researchers for their critique and insights, 
and to Joachim Deubener for suggesting 
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useful comments. 
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Alternative definitions for discussion

43

"Glass is a non-crystalline, non-equilibrium, 
ambivalent material that wanders between 
a liquid and a solid; its closeness to either 
is time and temperature-dependent".

"Glass is a non-crystalline, non-equilibrium 
material that wanders intoxicated between 
a liquid and a solid”; its closeness to either 
is time and temperature-dependent".

“ Glass is a solid liquid!”

DRAFTs of  2019 Varshneya-Zanotto definition of glass for further 
discussion…

Solid or liquid?

“Glass is indeed a complex substance, with 
seemingly contradictory properties: ephemeral	and	
ethernal,	clear	and	opaque,	decorative	and	
functional,	fluid	and	brittle,																																				 …”

“Dale Chihuly draws	on	these	oxymoronic	qualities”  
Sharah Bremser,	Honolulu	Academy	of	Arts

44

solid	and liquid!

While scientists continue	to vigorously debate	on
this question,	from an artist’s perspective:

Other collaborative work
Salt Lake City, USA 2016

45 46

MS&T 2016 – Salt Lake City 
Which are the most important glass inventions?

PACRIM12, 2017 Hawaii

48

The most relevant glass discoveries?

Kathleen´s Morey lecture
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Yokohama, Japan

49

ICG Annual meeting, 2018

GLASS THROUGH THE AGES

Arun K. Varshneya Saxon Glass Technologies

Edgar D. Zanotto Federal University of São Carlos, Brazil

Invited talk delivered at the ICG Annual meeting, 
Yokohama, Japan, Oct. 2018

Manoj K. Choudhary *   ICG president (2017-18)

John C. Mauro     Penn State University    

L. David Pye Alfred University

Kathleen Richardson      University of Central Florida

San Antonio, USA, 2018 L.D. PYE - FESTSCHRIFT

Ceram tech today- MAY 25, 2018| EILEEN DE 
GUIRE

GOMD MEETING, San Antonio, May 2018

…..Complementing this auspicious lineup was a 
festschrift symposium in honor of L. David Pye, 
timed to coincide with the 50thanniversary of his 
Ph.D. graduation from Alfred University. 

The far-reaching impact of his career was evident as 
former students, colleagues, and collaborators gave 
talks on the impact he had on their accomplishments 
and ability to achieve them. 

Kathleen Richardson, Arun Varshneya, and Edgar 
Zanotto—student, colleagues, and collaborators—
organized the symposium.

2019 - Perspectives on the scientific career and impact
of Prabhat Gupta (glass guru cousin) 

A. K. Varshneya (glass guru) , Edgar D. Zanotto (guru backup) , John C. Mauro (guru jr)
Journal of Non-Crystalline Solids X, Vol. 1, March 2019, 100011. 

We review the remarkable research achievements of
Prabhat K. Gupta on glass structure and topology, 
thermodynamics, and kinetic processes.

JNCS X – open access
P.K. Gupta issue

Alfred, USA, April 2019
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I dedicate this lecture to my dear friends
professors David Pye and Arun Varshneya

Arun Varshneya
Professor and
entrepreneur

David Pye
Professor and glass artist

E.D. Zanotto

55

Last slide of
the

Scholes
Lecture

Alfred, NY,
April 4
2019

Arun, let’s prioritize our
next endeavors ?

56

-Try a nice Indian restaurant in Boston?

-Work on a brand new definition of glass?

- Write up a paper with Kathleen, Manoj, 
John and David on the top glass
inventions ?

- Teach another joint glass course. ICG or
GOMD next year?

57
LaMaV ‘s headquarters

A message from LaMaV students
and researchers, May 22

58

Congrats glass guru ! video

On my fun and educational 3-decade 
interaction with the Glass Guru

59

EDZ
at Saxon
Glass’s
parking 
lot.

Alfred, 
April
2019

THANK YOU, ARUN.
HANGING AROUND WITH YOU 
IN THE PAST 3 DECADES HAS 

BEEN EDUCATIONAL AND FUN!

60

Edgar

Student of glass science and
technology
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Ashutosh Goel
Assistant Professor

Department of Materials Science and Engineering
Rutgers, The State University of New Jersey

Arun Varshneya: A Guru, A Mentor, A 
Force to Reckon with

2003 – My introduction to the field of glass
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2004 – I came to know about Dr. Arun Varshneya

Thesis title
Fly ash bismuth borate glasses as radiation shielding materials
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2006 – My first meeting with Dr. Arun Varshenya

8th ESG Conference with Annual 
Meetings of ICG and SGT

University of Sunderland, UK from 
September 10-14, 2006. 

Arun Varshneya – A Guru

Eklavya and Dronacharaya
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2014 – “Tongue–in–cheek” moment

Arun: If you ever teach a 
glass course, there is a very 
good book on glass science.

Ashutosh: Yeah…I know…it’s 
Shelby

2016 – He appreciated my work for the first time
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2017 – Visit to Rutgers
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Things I Wish I Learned in School:
Lessons from 20 Years of Glass Innovation

Matt Dejneka

ICG/GOMD Boston
June 14, 2019

Science and Technology Division 2© 2019 Corning Incorporated 

Outline

• Invention vs Innovation
– Great science doesn’t pay the bills, but it is the first step

• Liquidus
– The most important property no customer cares about

• Surprises
– What you find is often better than what you searched for

• People
– Your most important resource

• Summary
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Science and Technology Division 3© 2019 Corning Incorporated 

Invention versus Innovation

• Invention: New and Useful
– Right combo of attributes

– Often solves difficult problem

Science and Technology Division 4© 2019 Corning Incorporated 

Invention versus Innovation

• Innovation: Invention that makes $
– Value > Cost of production

– Needs economical process to manufacture

– Often requires multiple inventions

– Also requires distribution and sales force

– Right timing and product
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Science and Technology Division 5© 2019 Corning Incorporated 

Liquidus – Most Important Property No Customer Cares About

• What is Liquidus?
– Highest temperature crystals still exist

• Governed by composition and pressure

• Customers don’t care about it

• Determines Forming Process
– Manufacturers care profoundly

Science and Technology Division 6© 2019 Corning Incorporated 

Why do we care about liquidus viscosity?

• Determines lowest static 
interface temperature in 
process

• Governs what forming 
process can be used

Beall and Duke, “Glass-Ceramic Technology” in 
Glass:Science and Technology p 439, 1983.

Thou shall not go below the liquidus
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Science and Technology Division 7© 2019 Corning Incorporated 

No coincidence most commercial glasses near cotectics

Soda Lime

Display

Ion Exchange

Science and Technology Division 8© 2019 Corning Incorporated 

Keep your eyes open and embrace the unexpected

• Often what you find is better than what you were looking for

• Targeted invention is evolutionary

• Serendipitous invention is revolutionary

Dynamite
Glass-Ceramics
Stainless Steel
Penicillin
Plastic
Vulcanized Rubber

Play-Doh
Super Glue
Post-It Notes
Saccharin
Coca-Cola
Damage Resistant Gorilla Glass
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Science and Technology Division 9© 2019 Corning Incorporated 

Found Damage Resistance in the hunt for better fining

• Removed As2O3 from glass and hard to get bubbles out

• Investigating effect of Na2O-Al2O3 and B2O3

• Found Incredible Damage Resistance Instead

• Using $10 dull scriber 

Science and Technology Division 10© 2019 Corning Incorporated 

New Glass Compositions that Densify Instead of Crack
500 gf Vickers Indent         No Ion Exchange … Yet

Gorilla® with NDRTMGorilla® Glass

Soda Lime
Images Courtesy Tim Gross
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Science and Technology Division 11© 2019 Corning Incorporated 

Ion Exchange Further Increases Damage Resistance
New Compositions 35x Better than IOX Soda Lime

Science and Technology Division 12© 2019 Corning Incorporated 

Scratch Performance
10 N and 15 N Knoop Scratches  196AQU vs. GG

196AQU 53.6/840

Gorilla Glass 43/75010 N
Scratches

15 N Scratch
AQU 53.6/840

At 15 N Gorilla Glass breaks into pieces!

Courtesy Tim Gross
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Science and Technology Division 13© 2019 Corning Incorporated 

Impact damage is the main failure source

Point Impact/Contact Origin

What if we could prevent this damage?

Science and Technology Division 14© 2019 Corning Incorporated 

Gorilla® Glass with NDRTM Enables Thinner Glass 

SiC Abrasion per ASTM C158

3x the Load
to Failure

With ½ the Thickness
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Science and Technology Division 15© 2019 Corning Incorporated 

Damage Resistant Glass was a Great Serendipitous Discovery

• High Liquidus Viscosity

• Superior Scratch and Damage Resistance

• Great mechanical properties but…

• Inferior ion exchange

• Hard to melt
– Knots, refractory inclusions, bubbles, batch inclusions

• Hard to manufacture
– Jammed screw feeders with concrete, hard to score, zircon 

breakdown, 200P temperature >1700°C

• Selects were too low for an economically viable process

but FAR from an innovation

Science and Technology Division 16© 2019 Corning Incorporated 

The power of Modified versus 
Charge balanced glass compositions

• Modified Glases
– High solubility for SiO2, SnO2, ZrO2

– Low liquidus temperature
• High Liquidus Viscosity

– Soft, easy to melt

– Weaker Network

SiO2 (quartz) SiO2 (glass)

Na2O-SiO2 (glass)
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Science and Technology Division 17© 2019 Corning Incorporated 

Broke each problem down and solved one by one

• Inferior ion exchange
–  Na2O and Al2O3 and  B2O3

• Knots, refractory inclusions, bubbles, batch inclusions
– Modifiers, changed raw materials, tuned process and fining package

• Jammed screw feeders with concrete
– Replicated in lab with hot humid conditions

– Broke batch apart and found reactive components

– Replaced them with new but cheaper raw materials

• Hard to score, 200P temperature >1700°C
– New score wheels, chemistry trumps viscosity

Science and Technology Division 18© 2019 Corning Incorporated 

Invention vs Innovation Lessons Learned

• Invention is hard, but Innovation is much harder (and more stressful)!

• Slowly fixed problems with Damage Resistant Glasses

• Went from record worst defect glass to a top performer

• Earned us a new market segment

• Invention + multiple other inventions now an innovation
– Composition improvements, compromises, fining package, material interactions

– Process innovations and radical raw materials

– Took a lot of people with many different skills

• Teamwork
– Utilize the skills and talents of others
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Science and Technology Division 19© 2019 Corning Incorporated 

• Gorilla® Glass Used to Protect 4.5 Billion Devices (2016)
– 1000 Device Models by 40 Major Brands

• Not just for phone covers
– Reduce Weight and Improve Performance on Cars
– Preserve Photos and Customize Devices
– TV’s, Computers, Phone backs, Tablets, Watches …

7+Inventions+Teamwork+Grit+Determination = Innovation

masterpix.com

Science and Technology Division 20© 2019 Corning Incorporated 

People – Your most important resource, so treat them well

• Other People have abilities and talents complementary to yours
– Utilize skills and resources of others

– Teamwork

– Can accomplish far more

– Learn from senior co-workers

• Participate in ACerS!

• Credit should be given, not taken

• Appreciate and reward 
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Science and Technology Division 21© 2019 Corning Incorporated 

Summary

• Knowledge and Teamwork Required to go from Invention to 
Innovation

• Glass products require a composition and a process to make
– Value must exceed cost

– Manufacturing requirements often harder to hit than attributes

• Surprises
– Be observant and investigate the unexpected

– What you find is often better than what you searched for

• People
– Utilize, treat them well, and you will prosper 
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Evolution of Cover Glass on Mobile Consumer 
Electronic Devices:10+ years in the making

Kristen Eckart (Barefoot)

2ICG 2019

Interactions with Prof. Varshneya

• Have known Prof. Varshneya since 2006

• Often met at gas stations

– Early in the morning/Late at night

• A few adjectives:

– Accomplished

• 3rd version of textbook released

– Fundamentals of Inorganic Glasses

– Availability

• Always willing to have a conversation
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3ICG 2019

Outline

• Smartphone Journey

– “Flip” to “Touch”

• Cover material evolution

– Soda Lime vs. Aluminosilicates

– Newer glasses

– Glass alternatives

• Summary

4ICG 2019

“Flip” to “Touch”
- Smartphone end-use attributes made glass, the preferred cover material 

Cover material requirements
– Scratch resistance 

– Optical transmission

– Reliable and durable

– Premium feel

– Lightweight

2007

But which type?
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5ICG 2019

Aluminosilicates enable deeper depth of compression
Flaws drastically reduce strength of glass
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6ICG 2019

Additional attributes of Aluminosilicate vs. Soda Lime

Scratch Drop Height 

** Bare glass tested 

Soda Lime Al-Si

2.5X

Al-Si

158



7ICG 2019

Design Trend

• Larger screen sizes

• Thinner and lighter 

• Complex form factors 

Relentless glass innovation has enabled continuous 
smartphone design trends

2007 2018

DISPLAY SIZE INCREASE OVER 
THE PAST 11 YEARS

46%

Glass Innovation

• Improved drop performance

• Increased scratch resistance

• More efficient finishing

2014 2019

INCREASE IN 2.5D AND 3D FORM 
FACTORS OVER THE PAST 5 YEARS

43%

8ICG 2019

Improvements to Al-Si glasses continue

• Composition (faster diffusion, less color )

• Ion Exchange (variables that affect CS/Depth of Layer)

• Mechanical (retained strength, scratch, drop)

Barefoot, K (2010, October). Understanding Compressive 
and Tensile Stress in Chemically Strengthened Glasses. 
MS&T Conference, Houston, TX. 
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9ICG 2019

New Glass Solutions

• Composition + Improved Chemical Strengthening

• New glasses show much higher mechanical reliability, especially 
with regard to drop performance

Previous Al-Si New Glass solutionsSoda Lime

2.5X

4X

10ICG 2019

Glass Alternatives are available in the market 
Niche segments

• Sapphire
+ High Hardness 

– 67% heavier than glass

– Costly to produce and finish

– 3D forming issues

– Transmission

• Plastics
+ Cost and formability

– Cosmetics (look, feel)

– Durability (scratch and warp)

– Transmission

Sapphire is a crystalline material 
so cracks propagate readily along 
the lattice planes
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11ICG 2019

Summary

• Glass has been evolving for thousands of years
– 3400 years ago in Mesopotamia

– Form and functions of today and tomorrow

• Technological advances in device cover glass continue to grow
– Corning leads with innovation and continues to solve industry pain 

points
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Michael I. Ojovan 
Department of  Materials Science and Engineering, 

The University of Sheffield, UK
With acknowledgments to W.E. Lee, R.J. Hand, K.P. Travis, D.S. Sanditov 

Sheffield model of viscosity: from Douglas to 
nowadays

1. The Viscosity 

2. Viscosity Equations

3. Douglas Equation

4. Broken Bonds Models

5. Sheffield Model

6. Conclusion

7. Acknowledgements

2
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3

 RTTQATT /)(exp)( 

The Viscosity

4

Machedo P B, Napolitano A 1968 The Journal of Chemical Physics 49 (4)

Q(T)

QH

QL

L

H
D Q

Q
R 

Glassy state

Molten state

 RTTQATT /)(exp)( 
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5

6

Vogel, Phys. Zeit. 22 (1921) 645; Fulcher, J. Am. Ceram. Soc. 8 (1925) 339
Tammann, Hesse, Z. Anorg. Allg. Chem. 156 (1926) 245

Avramov and Milchev, J. Non-Cryst. Solids 104 (1988) 253

Ojovan (2012). Phys. Chem. Glasses, 53, 143 

Mauro, Yue, Ellison, Gupta, Allan, PNAS 106 (2009) 19780

• Vogel - Fulcher - Tamman 

• Adam - Gibbs

• Avramov - Milchev

• Sanditov  

• MYEGA

• Sheffield

• Angell-Rao model
• …. 

Sanditov (2010). J. Exp. Theor. Physics, 110, 675 

Viscosity Equations

Adam and Gibbs, J. Chem. Phys. 43 (1965)139

)]exp(1)][exp(1[)( 21 RT

D
C
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B
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7

[1] Douglas R.W. (1949). J. Soc. Glass Technology, 33, 138.

Douglas Equation

8

Activation 
energies

The flow of glass is controlled 
by Si-O-Si bonds and the flow 
occurs when an oxygen atom 
has two positions available to it.

)]exp(1)[exp()(
RT

D
C

RT

B
ATT 

Flow term

Configuration term
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9

[2] Varshneya A.K. (2006). Fundamentals of Inorganic Glasses. SGT, Sheffield.
[3] Volf M.B. (1988). Mathematical Approach to Glass, Elsevier, Amsterdam.

Arun K. Varshneya in his fundamental
monograph refers to Douglas’s
pioneering work clarifying our
understanding of viscosity [2].

Moreover, it is considered that namely
two-exponential equations can
mathematically most exactly describe the
viscosity of amorphous materials [3].

10

Although
Douglas equation
was giving a very
good description
of viscosity it has
not become
popular
compared VFT
and other models
currently used.

166



11

1949: Douglas’ “two oxygen positions” model.

1985: Mott’s flow defect (broken bond) model.

2003: Doremus’ lattice defect model.

2004: Sheffield model based on Angell’s configuron
(broken bond) concept   

Broken bonds models

12

nvkTHkTT  2)/()/exp()( 
where n is the density of broken bonds contributing to 
flow, H is the activation enthalpy for flow, k is 
Boltzmann’s constant,  is the shear strain produced by the 
motion of a single defect, v is the volume of the defect, and 
 is an attempt frequency on the order of the Debye 
frequency. 

1987: Mott’s flow defect (broken bond) model
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13

Sheffield model.

1972: Angell’s Congruent Bond Lattice model
Disordered Lattice     Congruent Bond Lattice

[Angell C.A, Rao K.J. J. Chem. Phys., 57, 470 (1972)].

14

A configuron is an elementary configurational excitation in an amorphous material, 
formed by breaking of a chemical bond and the associated strain-releasing local 
adjustment of centres of atomic vibration. Formation of a broken bond can be 
represented as a reaction when a lattice phonon is absorbed by a bond resulting in a 
un-relaxed broken bond which after relaxation of the surrounding environment 
results in formation of a quasiparticle termed a configuron ():

 

Angell’s configuron concept
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15

Liquid phase 

Solid (glassy) phase 

- This is a broken bond 

Structurally the difference between glasses and liquids becomes 
evident if we consider broken bonds – in liquids they form 

percolation clusters

16

M.I. Ojovan. Viscosity and Glass Transition in Amorphous Oxides, Advances in Condensed Matter Physics, 
2008, Article ID 817829, 23 pages (2008). http://www.hindawi.com/journals/acmp/2008/817829/ref/
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17

The viscosity of amorphous materials is directly related to the 
thermodynamic parameters of configurons via equation:

)]exp(1)][exp(1[)( 21 RT

D
C

RT

B
ATAT 

01 6/ rDkA  )/exp(2 RSA m mHB  )/exp( RSC d dHD 

Experiments show that in practice four fitting parameters suffice and 
the viscosity is well described by 4-parameter equation, which 
follows from 5-parameter equation accounting that most often

1)/exp(2 RTBA
and taking A=A1A2:

)]exp(1)[exp()(
RT

D
C

RT

B
ATT 

Ojovan M I and Lee W E 2004 J. Appl. Phys. 95 3803

Sheffield model

18

Bonds



Stationary layer

Movable layer

To provide the flow (i) bonds should be broken and (ii) bonds should 
move
The higher the concentration of broken bonds the lower the 
viscosity. The easier bond move the lower the viscosity. Moving layers
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19

Configuron formation enthalpy

Configuron motion enthalpy

Configuron motion entropy

Configuron formation entropy

The Sheffield model relates the viscosity to thermodynamic 
parameters of broken bonds (configurons) via equation:

MI Ojovan, KP Travis, RJ Hand. J. Physics: Condensed Matter 19, 415107 (2007). 

20
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21

At low temperatures the activation energy of 
viscosity takes the full value QH=Hd+Hm

because the concentration of broken bonds is 
low.

Ojovan MI, Travis KP and Hand RJ 2007 J. Physics: Condensed Matter 19, 415107. 

At high temperatures the activation energy is only due to the 
energy needed to transfer a molecule or a configuron from its 
original position to the adjacent vacant site e.g. QL= Hm. 

22
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23

Sheffield equation can be
approximated within
narrower temperature
intervals to VFT model.

It however gives correct
asymptotes both at high and
low temperatures.

Plus to that all parameters
used are of clearly-defined
nature and represent
enthalpies and entropies of
chemical bonds.

“Unfortunately, existing viscosity models, such as the Vogel–Fulcher–Tammann (VFT) and 
Avramov–Milchev (AM) equations, exhibit systematic error when extrapolating to low 
temperatures.”

J.C. Mauro, Y. Yue, A.J. Ellison, P.K. Gupta, D.C. Allan. PNAS,   November 24, 106
(47) 19780 (2009). 

M. Ojovan. Physics and Chemistry of Glasses, 53, 143 (2012). 
24

MYEGA model 
shows log=-3

 
T
C

T
K exploglog  
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25
ICEM2009-16055

The viscosity of glasses and melts can be precisely 
described by the universal two-exponential equation 
(Sheffield model): 

The universal equation of viscosity is derived within the 
congruent bond lattice model and shows always two
activation energies of viscous flow: high at low and low 
at high temperatures [4].

Conclusion

[4] Ojovan M. (2012). Phys. Chem. Glasses, 53, 143. 

26
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Fifty Years of Professional Interactions 
with Professor Arun Varshneya

Minoru Tomozawa
Department of Materials Science and Engineering
Rensselaer  Polytechnic Institute, Troy, NY 

1965- Graduate Study at US university 
Varshneya --Case Institute of Technology, fresh from undergraduate education at 
Sheffield, England
Tomozawa –University of Pennsylvania, after 5 years at Nippon Electric Co. Japan with 
BS.
English language: Some difficulty for MT; Indian had no difficulty.

Graduate Students, then and now
• A few foreign students;  At U of Pen, three Indian classmates, two Japanese, one 

Korean, one Canadian, one Belgian, with the rest of 25 students were all American 
male. Indian students, some are very bright, very good in Thermodynamics and 
Metallurgy. 

• Graduate students were hard-working: most graduate students worked in the 
evenings in their lab. Now, very few work in their lab in the evening.

• A lot of Japanese post-docs, visiting scholars. They had reputation of hard-working: 
“they take 100 data points while others take 10 data points”. I benefited from this 
reputation (or stereo-type).
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Background info.  
* In 1970, starting salary of an assistant professor at US universities was ~ ½ of that at 
US industries. IBM was the most popular company to work –high salary, no layoff. 
• At most US universities, there was no start-up fund for an assistant professor.

(office, telephone, ½ secretary, similar to a small business)
A reason to become a faculty member? 

• Now, assistant professors get a start-up fund to buy a major equipment, and fund to 
hire one or two graduate students for multiple years, and a part of summer salary for 
multiple years.  A salary is also comparative to that of US industries.                                    
On the other hand, competition is tougher. Usually one hundred or more candidates 
apply for a position. The position now appears highly attractive but tough to get.

Job  Varshneya – Ford Morter Co in 1970, General Electric Lighting, Alfred 
University since 1982

Tomozawa- Rensselaer Polytechnic Institute, since 1969.
Have known each other for more than 50 years.

For many years, research areas were different for Varshneya and Tomozawa.

Recently, 

Varshneya: runs a successful business on ion-exchange strengthened 
glasses and supports various organizations, including the American 
Ceramic Society.  These are Arun Varshneya’s pleasure.

Tomozawa’s pleasure is basic research of glasses.

“ Happy is a man, who finds the cause of things” 2000 years old 
message.”

Legacy– Bill Johnson (President of the American Ceramic Society) –what are we leaving behind 200 years from now?
Our paper? 
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Some common research interest ware 
1) Birefringence of phase separated and stretched alkali borosilicate glass samples.            

T. Takamori, M. Tomozawa, J. Am.
Ceram. Soc. 70 (1976) 86. 

A. J. Sane, A. R. Cooper, J. Am. Ceram. Soc., 70 
(1987) 86. At 400°C. These authors attempted to 
explain this phenomenon using conventional bulk 
glass relaxation theory, without success. We have 
explained this phenomenon by using the surface 
stress relaxation. J. Seaman, P.J. Lezzi, T.A. 
Blanchet, M. Tomozawa, J. Am. Ceram. Soc., 403 
(1014) 113.

Surface stress relaxation diffusion 
coefficient was calculated from the 
extent of residual curvature of bending;

2) Surface compressive stress degradation of ion-exchange strengthened glasses.
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This surface residual stress degradation phenomenon was attributed to the impurity 
water in molten salt  which can diffuse into glass surface during the ion-exchange process. 
One method to avoid this surface degradation is to eliminate the water impurity in KNO3.

3) Combination of birefringence and surface stress relaxation. Surface compressive stress 
of silica glass fibers with 125 μm in diameter.

Silica glass fibers exhibit surface stress, even though the diameter of 125 μm is too small 
to have a glass tempering effect due to temperature gradient from the surface to the 
interior.
This surface residual stress was explained by the surface stress relaxation. The work will 
be presented later this afternoon, 4:10 pm in Session 6: Mechanical and stress in Room 
Clarendon (Mezzanine) by my graduate student, Bronson Hausmann of RPI.
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Looking for the future:

I hope, both of us, who have similar background and 
experience, would stay healthy and enjoy respective 
works for several more years.

Minoru Tomozawa 
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Elżbieta Greiner-Wronowa
AGH 

Technical University of Science and Technology

Boston 2019

Multi-stage melting process Glass blowing pipe

WHY DO WE ANALYSE  CORROSION ON 
HISTORICAL GLASS

• to discover glass character

• to recognize glass corrosion products  character

• to deiscover some technologies used for glass
deterioration

• to date excavated glass pieces

The suggested the following reactions:

For glasses with a complex composed of three processes: 
hydration, hydrolysis and ion exchange are used 
simultaneously. Each of these reactions is affected by the 
following process.

SiOH   OHSiO OH 2
 -

3 

SiOH SiO H - 

O H SiOSi2SiOH 2
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Glass illnesses
•weathering

•„crying glass”

•covering by fog

•„crizzling”

•covering by layer of corrosion 
products

•multilayer

Monument Authentic

Unique
Individual history

Existence (in time and space)

It is a deliberate solution of man, created in a particular 
technique and technology, it is characterized by its own 
state of preservation

Monument can be recognize by:

Art historians – Historical analysis

Conservators

Technologists

S
P
E
C
I
A
L
I
S
T
S

– Identification of matter

Inventors in difficult times

 Angelo Barovier :  optics, glasses (1450)

 Galileo Galillei : telescope, thermometer

 Izaak Newton : using a prism split the white light

 Evangelista Torricelli : discovered vacuum and 

barometer

 Antonio  Neri : first published book about glass 

technology production and emphasized the secret 

venetian glass (1612)

 Joseph John Thomson : discovered and identified of 

the electron

 Edison : light‐bull (XIX)

Tools
1. SEM
2. EDS
3. RS
4. FTIR
5. ICP
6. SIMS
7. CONFOCAL MICROSCOPY
8. METALLURGICAL MICROSCOPY
9. THERMOVISION
10.GLASS SENSOR METHOD

Corrosion of Historical Glasses
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Stained glass from XIV-th c. –
Poland – glass chemical composition

Oxide
Concentration

[% weight] 

SiO2 48,03
Na2O 0,64

K2O 19,40

CaO 27,07
Al2O3 2,37

P2O5 1,88

Fe2O3 0,61

Stained glass from XIV-th c. – Poland

Sensor pomiędzy witrażem oryginalnym a 
przeszkleniem

Sensor od strony wewnętrznej

AFM (14th century) stained glass 
sensor after boiling in distilled water.

Chemical composition of glass cup from XVIII century.

Oxide Content [wt%]

SiO2 73,94
CaO 9,26
K2O 14,48
PbO 0,066
MnO 0,096
Fe2O3 0,056
Na2O 0,84
BaO 0,14
MgO 0,59
Al2O3 0,065
B2O3 0,64
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The Saxon Glass from the 18th 
century-Poland

XVI-th c. Venice glass sensor corroded in destilated
water. Optical interferometer (RT and 100°C)

The XRD spectrum of a glass sensor for glass 
XVIII-th century kept in 10% NaCl.
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NaCl <2-Theta=1.0>

05-0628> Halite, syn - NaCl

Observation of the optical sensor of the XVIII century 
sensor iterferometer held in 10% NaCl (RT, 98 oC)
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The reliquary cross offered 
in 1744 by Marie Józefa, 

wife of king Augustus III 
Wettin to the Pauline 
Fathers Monastery on 

Jasna Góra – Vienna 1703

0
.0
0
0

0
.5
0
0

1
.0
0
0

1
.5
0
0

2
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0
0

2
.5
0
0

3,998 3,805 3,612 3,419 3,226 3,034 2,841 2,648 2,455 2,262 2,069 1,876 1,684 1,491 1,298 1,105 912 719 526

kop2 kop4 szkło

Altar decorated by églomise method from XVII-th c. Chemical composition of original 
altar glass decorated by reverse 
gilding method from XVII-th c.

Oxide
Concentration

[% weight] 

SiO2 63,54

BaO 1,12

CaO 15,58

MgO 2,46

Al2O3 2,00

Fe2O3 0,352

TiO2 0,027

Na2O 3,57

K2O 11,00

B2O3 0,10

MnO 0,61

ZnO 0,015
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Altar decorated by reverse gilding method from 
XVII-th c.

The altar from Biecz decorated with 
the technique of internal gilding from 

the 17th century

Attempt to reproduce the binder in the 
glass decorating process by eglomisé

Robe levitte XVIII c. – Poland

Glass and metal decoration for dress XVIII c. –
Poland

SEM of glass decoration for dress XVIII c. –
Poland
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Mitre called St. Stanislav XIII c. 

FTIR and EDS for chosen glass bead

FTIR

EDS

Stained glass window with surface corrosion 
organic product

Glass sensor of
the XIV-th centure enamels

from Limoges
Si-Na-K-Ca

Induced corrosion for glass-metal objects
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Glass frit for blue enamel

Induced corrosion
Metallographic Microscopy MET 3

Excavated objects
Rings excavated beneath the Market Square in 
Kraków, Poland dated on ca. XII c. 

SEM, EDS for glass

p1

p4

p3

SEM, EDS for metal

p1

p2
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SEM, EDS for 
metal

p1

p2

Ring – XIII c. excavated in Czermno –
outside surface

Ring – XIII c. excavated in Czermno –
botom surface

Chemical analisys of outside surface

Element Concentration % 

At

C 17,48

O 55,48

Na 0,36

Mg 0,21

Al 1,42
Si 14,46

Cl 0,15

K 0,22

Ca 1,36

Mn 0,08

Fe 0,43

Cu 5,98

Pb 0,57

P 0,52

SIMS analisys
for glass bottom
part

EDS analisys for 
metal part of 
ring frame
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Parameters of local environment

•Humid and temperature - DATALOGER

•Temperature – THERMOVISION

SURROUNDING CONDITIONS RH and T outside and inside showcase by 4 days
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Hum_P1 Hum_P2 Hum_P3

THERMOVISION

Anybody with a temperature above absolute zero is the source 
of infrared radiation and its intensity depends on the 
temperature and the surface features of the body. The 
apparatus is a variation of infrared-sensitive television 
infrared part of the range. Create an image based on 
recording the radiation emitted by the camera by the 
observed object, and then processed into a color map of 
temperature. Thermal imaging system is a kind of unusual 
thermometer which can measure the temperature at a 
distance in many places.

Thermogram of deteriorated mirror

16,8°C

28,7°C

18

20

22

24

26

28

LI01

20
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li01

Line Min Max Cursor
li01 17,9°C 23,5°C -

°C IR01
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Museum showcase

18,0°C

22,0°C

18

19

20

21

22

CONCLUSION

The glass sensor have been applied for monitoring physico-
chemistry parameters of local circumstances. Moreover, 
sensors are very suitable   for EARLY WARMING SYSTEM 
(EWS) suggested by EU. All presented information are very 
useful to start  conservation activity. 
We have started to take under  consideration the influence of 
the local environment as well as VOC influence on museum 
historic objects.
Some of these realized works have been done as master 
degree thesis with cooperation with museum.
The main goal of this research was recognize created surface 
and volume changes by methods used in materials science. 

CONCLUSION

Glass sensor method has been applied for restoration and 
decoration monuments. It was very helpful to develop new 
interdisciplinary field: ARCHAEOMETRY.
In this way we prolong out culture heritage for the next 
generation.
All obtained results were sent to museums or to people who 
are interested to applied them for restoration activities.
All tests were carried out after conservators agreements. 
PRIMUM NON NOCERE

New glass sensor method is very helpful, and produced 
unlimited amount of glass material to create many tests.

CONCLUSION

These problems were presented  and discussed at TC 17 and 
TC19, working in the framework of ICG activieties, as well 
as AIHV. Part of these tests were helpful in dating some 
objects. Due to these works, we were able to make expertises
of some objects and start their professional maintenance.
We have started to take under  consideration the influence of 
the local environment as well as VOC influence on museum 
historic objects.
Some of these realized works have been done as master 
degree thesis with cooperation with museum.

Thank you 
for your 
attention
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UCF’s Glass Processing and 
Characterization Laboratory (GPCL)

Material Chemistry 
spectral range of use

Next generation 
products

Next generation 
production methods
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FUTURE OPTICAL SYSTEMS MULTI‐FUNCTIONAL MATERIALS and the 
PROCESSING required for their INTEGRATION – our TOOLBOX

Novel fabrication 
strategies

Material integration 
know‐how

Design

Scale‐up compatibility

Form‐specific 
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mismatch

Material/device 
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When we think of infrared optical glass….

Ref: Univ. Rennes, D. Hewak, ACerS Bulletin, Umicore Corp., Lightpath and IRradiance Glass

Yes, but how do we learn to teach?

Taking the best of skills learned from our teachers………………….

REMINDER of my timeline:  
‐ I left Alfred University with my BS degree in May 1982
‐ AV arrived AU in June 1982
‐ We knew each other during those first years primarily through his familiarity with 

optical glass and the community, including those at UofR and the laser glass 
community (SCHOTT, HOYA Optics)

‐ He taught me in 1986 – 1988 (MS in Glass Science) while I pursued my degree 
while working at Univ. of Rochester

‐ I returned to Alfred in August 1988 – March 1992 pursuing my PhD

‐ Acquired many AV inspired/taught skills during this time and beyond……
(story to follow)
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NYSCC faculty 1985
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1982     Research Engineer 
Laboratory for Laser Energetics (LLE), Univ. of Rochester (UofR)

The power of mentors……

……..to inspire, to teach and to encourage 
growth, often outside of our comfort zone

Prof. Stephen D. Jacobs
University of Rochester

Laboratory for Laser Energetics

Prof. L. David Pye
Dean Emeritus

NYS College of Ceramics
Alfred University

Dr.  Tetsuo Izumitani
Vice President R&D

Optical & Optoelectronic Materials
Hoya Optics

Researcher toolbox 101

Put it on the shelf…..wait for a while

Failure…….restart

Re‐think‐ new ideas and approaches
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#1 people and the training
……..the Alfred connection (1978‐1992)

Prof. L. David Pye
Dean Emeritus

Prof. Bill LaCourse 
and Pat LaCourse

Prof. Robert Snyder

Prof. Arun Varshneya

#1   think and grow globally: people and training

Dr. Izumitani, Optical Glass, 
and Hoya Optics 1983‐1991

Superglass, 
Scientific American, 
vol. 255, Dec 1986

University of 
Rochester‐LLE and 

Kigre, Inc.

Dr. Izumitani, 
at Yokohama 
2018, age 94
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#2……be present – global experiences

People to People Ceramics Delegation to China 1988

ISNOG – Florianopolis, Brazil 2000 Shanghai Inst. Optics & 
Fine Mechanics, 1988

InCerS ‐ Ahmedabad India 2013

#3 – global cultural immersion 
and…..its good to have your name on a sign
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#1 – skill development
Be prepared to wear bright colors and acquire new 

musical talents {aka be a dancing queen (among kings)} 

At Kajal’s marriage in Las Vegas

Alka Jain Juhi Jain

#2 – know how to have fun
be prepared to be a mentor and share in 

the good times……

At Rupal’s wedding in Miami
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Give back to where you’ve come from

AU Graduation Scholes Lecture 2008 at AU

CGIF and PCSA
student training 

workshop
2015

Service to our community

Alfredians at MS&T 2019

ACerS Board of Directors   2015
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Remembering your roots

At Arun’s high school in Agra

Celebrating success

Denise Krol

Mutual 
admiration 
society

Martin 
(hubby)
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Optical materials education and research: US‐France

NSF‐CNRS programs
 International Research Experience for Undergraduates 

(IREU) ‐ 1998
‐ first co‐funded international exchange for undergraduates

 NSF‐EU (DMR/INT) ‐1999, 2003
‐ first dual PhD and MSc programs 
(Optics, Materials Science and Chemistry)

NSF‐IMI in Novel Functionality in Glass ‐ 2005

October 2004 – IREU students with Nobel Laureates

Spreading the global education bug

Lynnette 
Madsen

Chalcogenide Photonics (1990‐2019)
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….remembering your roots

Harvey Pollicove, Steve Jacobs and the 
UofR Center for Optics Manufacturing (COM)

seed funding from COM forms GPCL at UCF in 
1991

SPIE Optifab 2013 
Infrared Manufacturing Science‐ Molded IR 

Drs. Benn Gleason (Raytheon) and Erick Koontz (Fisba LLC)

COM/APOMA 
Summer School 
University of 
Rochester 
(1994)

………and your friends

GOMD 2005 – Greenville, SC

201



…..and its good to have your 
name/picture on a wall

GOMD 2018 – San Antonio TX

GPCL at UCF ‐ 2018

…..and if you do good work, 
you just might get your name on a wall

Thank you Arun 
for the wisdom 
shared towards 
being a better 

teacher
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

A Guru in Glass – from the Outside In

Martin Richardson
Director Laser Plasma Laboratory, Founder, Townes Laser Institute

University Trustee Chair, Pegasus Professor, Northrop Grumman Professor,
Professor of Optics, Physics and Electrical & Computer Engineering,  University of 

Central Florida
University Research Professor, Florida Institute of Technology,
Visiting Professor, Nanyang Technology University, Singapore,

Fellow of OSA, SPIE, JSPS, APS, IEEE, IoP, AAAS,
Docteur Honoris Causa, University of Bordeaux

Jefferson Fellow of the National Academy of Sciences at the U.S. Dept. of State
Fulbright-Tocqueville Distinguished Chair

email:mcr@ucf.edu

Festshrift fur Arun Varshneya

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

So what do I know

Agra University, India 
University of Sheffield, 
United Kingdom. 
M.S. and Ph.D. in 
materials science from 
Case Western 
Reserve University in 
Cleveland,

Ford Motor Co , 
Dearborn

GE. Ohio
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

1982  Alfred

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

D'Artagnan et Les Trois Mousquetaires

Jim Varner Bill LaCourse
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

The authoritative text on glass 

Glass has yet to graduate to the level of 
recognition…(as metals)..will be corrected in 
the..materials age..along with crystalline 
ceramics….

….

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

A career in high power lasers
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Continuous melt process

Tetsuro
Izumitani

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

High power fiber lasers

Ceramic Laser Materials 

Thin disc and slab laser amplifiers

New laser materials
New pumping architectures
Better thermal management

Efficiency and cost, 
Scale and complexity
High repetition‐rates  

Large beam apertures
Efficient thermal management
Compact, rugged

Today lasers are made of many materials
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Townes Optical Fiber Fabrication Facilities
Fiber draw tower for micro-structured 

fiber fabrication
MCVD Preform Fabrication System & Fiber Fabrication 

Cleanroom

Optical Fiber Components & Fiber Characterization

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

New building 
completed Dec 2014
~ 4500 sq ft.
Located on
Jupiter Drive
Total cost $1.67M

Building houses;
Laser Ceramics Laboratory
Mid-IR glass fabrication
Glass fiber lathe
SPS facility 

Townes Optical Materials Laboratory
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Chemical fabrication of special glasses

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

May 16, 1960  Ted Maiman’s ruby laser
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Milestones on the ceramic laser road

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Townes investment in Ceramic Lasers

Ikesue

Konoshima

Ceramic materials development
nanoparticle fabrication
particle characterization
ceramics characterization

New materials
new laser dopants
host ceramics 

Ceramics Consortium 

3D‐doped ceramics for new 
pumping architectures

Romain Gaume
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Single Crystal Growth

Goal: Single crystal
• One large grain
• No grain boundaries

• Difficult to grow crystals from high temperature melt:
• Compositional variations
• Crucible interactions
• Phase transitions (strain  cracking)
• Poor RE solubility and uniformity
• Size limitations
• Low yield

Cannot grow large crystals or complex shapes 
from best crystalline materials

Split

crack

Ceramic Process

• Low temperature (<70% Tm) processing avoids high 
temp issues (eg phase transitions)

• Grain boundaries more accommodating to additional 
lattice strain:

• Potential for higher RE doping and uniformity
• Scalability to large sizes & complex shapes
• High ruggedness and toughness

•Traditional limitations are overcome 
with Polycrystalline Ceramic

Ish Aggarwal NRL

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Varshneya wedding in Agra

Dancing in the street at Arun’s nephew Ankit Varshneya’s wedding in Agra
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Varshneya weddings in Agra

Wedding of Arun’s nephew Ankit Varshneya
(right) to Nimta Kishore (left) in Agra 

Groom being sanitized by turmeric paint 
prior to wedding

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

Professor 
Dan Bradley
1964 -1967 

Ph.D at Culham Laboratory, UKAEA
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25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

The late Charles Townes

25th International Congress on Glass (ICG 2019), Boston , June 9th‐ 14th

The future 
depends on what 

you do today.

Thank you Arun
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Cover Screens for 
Personal Electronics: 
ongoing progress

Peter P. Bihuniak
Hidden Point Consulting, LLC, Chagrin Falls, OH

Arun K. Varshneya
Saxon Glass Technologies, Alfred NY

• Smartphones  ‐ ever‐present, broken glass screens

• Solutions

– Protective Cases, Insurance, Screen Covers

–Material Solutions

Chemically Strengthened Glass Improvements

Alternative Materials – Sapphire, Transparent 

Ceramics

• Summary

OUTLINE

Smartphones : 10 years later
• In 2017:

– 1.5 B units sold globally 

–With a combined revenue of $479 B 

– 2.5 B users (80% of people in developed countries 
use them)

– In the US, over 3 hours / day

Smart phones have 
become a constant 
companion, or visa 
versa

Screen breakage is still a significant problem

• The predominant screen is still CS glass.

– Advantages: harder, aesthetics, RF trans(LTE, WiFi, Bluetooth), 3D 
contour

– Disadvantages: slippery, fingerprints, scratches, brittle, it breaks

• Breakage is still significant.  Average drop frequency is  7 / year

– CS glass screen breakage is common

– From Digital Trends, 50% of users have experienced a cracked screen

– Replacement isn’t cheap.  Apple X  $279.

• And a significant business.  Screen replacement in the US, from Brandon 
Gaille:

– $4B business

– Growing at 5.5%/yr

– 8k businesses, 23k employees
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Screen breakage is still a significant problem
• Sapphire:  considerably more expensive (10X), heavier, more screen glare.   

But, Sapphire is harder, has higher fracture toughness,  higher dielectric 
constant, and more product prestige.   

• Supported by Apple, efforts by GTAT in 2014 to commercialize sapphire 
failed.  CS glass is still the predominant screen material, by far. 

Breakage solutions

• Protective Cases ‐ most common “solution”

– Over 70% use cases

– from Credence Research: in 2016, $12.9 B globally, 
growing at 5.8% (2016 – 2023)

• Insurance – Around $225 from Tom’s Guide

• Coatings including AR, scratch‐resistant

• Protective screen covers

– PET, TPU plastic

– Tempered glass

– Sapphire crystal screen (0.23 mm thick, Kyocera 
Brigadier)

Breakage solutions
• Device design modifications: flexibilty
reduction, edge protection 

– Samsung Galaxy S7 “Shatter‐resistant”.

• Material solutions

– CS Glass improvements

– Alternative materials

• Sapphire – still an obvious choice due to superior 
scratch resistance and higher fracture toughness

• Transparent ceramics, glass‐ceramics – stronger than 
glass, maybe cheaper than sapphire.

• Plastics – not likely due to aesthetics, prestige

CS Glass Improvements 
• Quality of edge finish:  2.5D, 3D contour helpful on 
glass

• CS Process (t, T, bath composition)
• stress relaxation control
• Complex salt baths
• Glass composition
• E Field assisted ion exchange 

• Cost reduction
• Float glass (Na Ca SiO2), Cheaper than fusion pipe 
(Li Al SiO2) , but warpage after CS (air v Sn
surface) 

• Faster chemical strengthening: Electric field 
assisted chemical strengthening of glass

• Advances in Corning fusion overflow (GG 6)
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Recent Saxon Glass Technologies CS Advances

• Net Ion Exchange compressive stress and case 

depth  is the result of competing processes:

– Surface stress generation and penetration

– Stress relaxation (T, t, chemistry dependent)

• FrankensteinTM process – cyclical E field assisted:

– Faster ( 1 hr v 24) – therefore, less stress 

relaxation, higher retained surface compression

• High CS IonexTM

– Bath composition modification to reduce stress 

relaxation in the salt bath.

Saxon Glass ‐ FrankensteinTM

Faster ( 1 hr v 24) –
therefore, less stress 
relaxation, higher 
retained surface 
compression

Saxon Glass – High‐CS

Composition adjusted to slow 
stress relaxation, 40 to 100 MPa
gain

Recent Saxon Glass Technologies CS Advances 

• Soda Lime Silicate thin glass produced by the 
float process has asymmetric surface 
compositions (air side, Sn side). 

– Sn side (to 10%, 3μ) blocks K+ diffusion.  
Differential stress introduces bending 
moment and warpage in thin glass

• Differential surface CS treatment can offset 
warp.  Patented processes.

–Atmospheric heat treatment, Sn+2   Sn+4

–Differential areal paste densities 

Sapphire

• Sapphire is in use commercially on home buttons, 
camera lens, watch cover and some cover screens.

• Luxury Phone market – Vertu, Gemry R19, $5‐10K

• Ruggedized phones –
Kyocera Dura Force Pro 
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Sapphire improvements
• In 2014 Cover screen transparency product cost:

– Glass ~ $3/ pc, Sapphire ~ $30 / pc. 

– Manufacturing energy: Sapphire ~ 95 – 100X that of Gorilla Glass

• Sapphire cost reduction,  perhaps 3X,  can be achieved by:

– Larger ingots – up to 200 Kg (from 80 – 100) demonstrated in HEM 
process, 400 Kg in KY, increases throughput and yield.

– Yield increase – Annealing optimization now routine, heals 
subsurface damage, increases strength

– Low cost energy (60% of cost) available,  (e.g., in China,  inner 
Mongolia energy is 1/3)

– Better Material Utilization:

• Recycling perimeter material.  

• Square ingots – a work in progress, limited, not successful, stress 
management at corners difficult

• EFG – used for LED substrates, mobile phone activity not 
successful so far. 

Sapphire‐Issues / Progress

KY – Kyropolus

• ~3000 furnaces in China

• 400+ kg  ingot 
demonstrated

• bubble quality < HEM

• primarily for LED 
substrates.

HEM – Heat Exchange Method

• ~1500 furnaces 

• Optimal size 140 kg

• more expensive, better 
quality

• producing  some screens, 
screen protectors 

Sapphire‐Issues / Progress

EFG addresses Material yield 
~30% due to layout, kerf

23 pcs in 24 hrs,                    1.1 mm 
drawn. 0.6 finished

Unsuccessful so far:  bubbles, low fabrication yields

Sapphire Issues / Aesthetics

• Ability machine  3D 
contours demonstrated, 
expensive.  Bonding edges 
being developed.  

• Screen Glare – solved via 
AR coating, surface 
treatments (ion 
implantation with 
Nitrogen) – QuerTec
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Sapphire  ‐ Strength / Breakage rate

• Annealing  ‐ Proprietary schedules, 
significantly increases measured strength.  
650 to 950 Mpa (4 point).

• Field breakage data is limited given the small 
sampling of sapphire screen mobile phones.

• Flex limited strength favors CS glass.

• Phone design matters:

–Mr. Qiao of Gemry – Gemry R 19, 
strengthened edges, embedded screen, no 
contour, breakage data 5X better for 
sapphire (1‐3% v 10 ‐15% failure) v GG 3.

Transparent Ceramics – powder processing, 
sintering to near net shape

Mg Spinel – cheaper sapphire 
alternative

YSZ  ‐ with Yitria coating, 850 Mpa
surface compression

Possible approach to engineered screens
3D printing 

Lawrence Livermore, 
Room temp  

MIT – High temp 

Summary
• While significantly more susceptible to scratching, chemically 

tempered glass remains the preferred high volume cell phone 
cover glass:

– Still Significantly cheaper and less energy consuming

– Satisfactory capacitance, electrical performance

– Breakage due to accidental drops is still a  problem

– CS advances continue cost reduction, strength improvement

• Sapphire has far superior scratch resistance, limited  field 
breakage performance suggests phone design plays an 
important  role.  

– Embedded edges, rigid phone 

– Significant sapphire development continues in Asia

• Alternative transparent ceramic and glass ceramic alternatives 
are in development with no obvious winner at this point.  
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www.ceramics.org   |   American Ceramic Society Bulletin, Vol. 96, No. 520

By Arun K. Varshneya and Peter P. Bihuniak

A review of material manufacturing and article fabrication  

processes and costs for strengthened glass and sapphire crystal 

materials for smartphone cover screens.  

Cover screens for personal electronic devices: 
Strengthened glass or sapphire?

Engineered transparencies are 
an essential component of elec-

tronic devices, particularly cover screens in 
smartphones. Strengthened glass and, to 
a lesser degree, sapphire crystal have been 
used for these applications. Manufacturing 
methods for strengthened glass and sap-
phire bulk materials dictate costs and, to a 
great degree, material properties, as well as 
limitations of the materials for their use in 
consumer items.

Presumably because of its transparency in thin sheet form, 
sapphire screen cover often is labeled “sapphire glass” or “sap-
phire cover glass” in the media and in some patent applica-
tions.1 The terminology is non-scientific. Sapphire is not a 
glass; it is a single crystal. The fact that sapphire crystal can be 
“annealed” (to reduce defect concentration) also does not qual-
ify it as a glass. Sapphire is a single crystal of aluminum oxide. 

Not long ago, when we used flip phones and BlackBerry 
email devices, coated plastic transparencies were acceptable. 
They were protective, survived dropping, were moisture-proof, 
and were sufficiently scratch-resistant. As smart phones with 
uncovered screens took over, however, transparency require-
ments changed. They had to be protective, fracture-resistant, 
and scratch-resistant and had to have touch sensitivity and 
better optical performance. 

Many manufacturers were able to meet these require-
ments with thin ion-exchanged, chemically strengthened 
glass. Corning (Corning, N.Y.), Asahi Glass (Tokyo, Japan), 
Nippon Electric Glass (Otsu, Japan), and Schott (Mainz, 
Germany) adapted known technologies to offer cover screens 
that are typically 0.55-mm thick, chemically strengthened, 
alkali aluminosilicate glass with 600–900 MPa surface com-
pression and a compressive depth of layer of 25–60 μm.
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Cousin Arunsky
Memories of Shared Times

Prabhat Gupta

The Ohio State University

Mothers = Sisters
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AGRA :  The Mughal Capital  LOHAMANDI, AGRA   

HOUSE # 2341 
LOHAMANDI, AGRA

Second 
Floor 

Back portion of the house

Birth Room

220



ARUN’S  FAMILY   (~ 1960)

ARUN’S NEW HOUSE : 
5A-M.G. ROAD, AGRA (~1953) ST. JOHN’S COLLEGE, AGRA (1958 - 62)
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Prabhat’s Departure for IIT , Bombay (1962)

Arun

Departure for Sheffield, AGRA         Sheffield, UK 
(1962)                                                      (1964)
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CASE INSTITUTE OF TECHNOLOGY, CLEVELAND   (~ 1966)

Prof. Alfred R. Cooper

GORDON RESEARCH CONFERENCE, BEAVER DAM, WI (1971)
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ARUN & DARSHANA  (WASHINGTON, DC)    
(~ 1973)

THANK  YOU, ARUNSKY !!
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 Thanks John & Vijay 

Thanks to all of you 

Thanks for the memories… 

Arun Varshneya 
June 11, 2019 

Shakuntala & Nathi Lal Varshneya 

Parents: 
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Born in Agra (India) 

What’s famous 
about Agra? 

Birth home:  
2341 Lohamandi, Agra 
(India) 
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At the age of around 3,  

I nearly died of an enlarging liver 

I was given overnight to live 

Guess which medicine saved me as 
claimed by parents?  

Examples, not necessarily inclusive: 

DDT 

Quinine 

Arsenic oxide 

Copper sulfate 

Iron oxide 

Turmeric 

You make a guess 
 
Answer: Buried in “Publications on Ion Exchange Strengthening of Glass 
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Leaving Agra to join 
Sheffield Univ 1962 

I was 16 and sitting in my Agra home when an astrologer/palm-reader 
showed up. He read my palm and remarked, “Son, you will be studying 
earth materials, minerals of the earth, perhaps geology, and will be good 
at it.” At the time, neither he nor my father knew that one of the more 
ubiquitous minerals of the earth namely silica was a major part of most 
glasses and that, barely a year later, I would travel to Sheffield University 
to study glass technology! 
 

St. John’s College, Agra 
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Glass teachers 

R. W. Douglas Michael Cable 

Sheffield 

Cleveland:  
Alfred R. Cooper 

Dept of Glass Technology, 
Sheffield University 1965 

Class mate: Tim Bradford 1965 

There are five individuals in this “crowd’ who have written well-recognized 
books on glass. Guess Who? 
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Competition for 
women……………… 
(Cambridge UK / 
ICG 1968) 

 

 

Letter dated 
August 31, 1965 
from my Dad to 
Prof. Copper 
(Prof. Cooper) at 
Dept. of Glass 
Technology, Case 
University, Los 
Angeles 
California USA 

Competition identified:  
Prof. Guenther H. Frischat 
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Glass Guru 

Learning glass science 
early: Sofia Mauro 

At the American 
Ceramic Society 

Teaching in Wuhan (China) 
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Professor John C. Mauro, 2018 

John C. Mauro, PhD 2006 
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Benaras (India) students graduating and their 
former professor Prabhu Nath at Alfred Univ, May 
1988. 

Prabhu Nath and I overlapped in Sheffield. 
 
L to R: Amul Gupta, Amit Jain, Jeetendra Sehgal, 
Anurag Dwivedi, Rajeev Kudesia, David Rossington 
(Chair), Prabhu Nath, Vijay Jain, Atit Bhargava 

234



 

 
Sir Nevill Mott Award to Prabhat Gupta, 2018 

Cooper Award to Brad Bowden Jr 

 Cooper Lecturers 2008: 
Kazuyuki Hirao, Minoru 
Tomozawa, Doug Allan, 
Carlo Pantano (center 
sitting) 
 

 
D&AV Frontiers of Glass 
Lecturers 2014: S. Jiang 
(Chair), AV, M. 
Micoulaut, T. Kiczenski, 
DV, W. Kob 
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Celebration of Excellence GOMD Awardees and Sponsors 2018 

American Ceramic Society 
Distinguished Life 
Membership 2014 
presented by David Green 

Seated: Briana Gilmartin (Wiley), Darshana 
Standing (L to R): Arun, Steve Feller, Mario Affatigato, Setsuhisa Tanabe, 
Maxime Cavillon, Tobias Bechgaard, Mark Mecklenborg, Xiang-Hua Zhang, 
unidentified, Wolfram Höland, Pierre Lucas, Mike Pambianchi 
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ICG President’s Award 
Strasbourg 2007 

With Oleg Mazurin and 
Elzbieta Greiner-Wrona 
at Strasbourg 2007 

Toledo Glass & Ceramics 
Award 2015 
L to R: Dan Swiler, Jesse 
Karkheck, Arun, Bill 
Walker (Chair), Keith 
Firstenberg 
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Morey Award 2018 

Honorary FSGT 2018 

Pierre Lucas, GOMD Chair 

Bill Brookes, SGT Chair Richard Pont 
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Rupal and Darshana scaling China wall 1984 
with Bill Prindle and Bob Fidoten 

Delbert Day and his professor Guy 
Rindone 

CR Kurkjian, 
AR Cooper, 
GH Frischat,      
LD Pye,  
DR Uhlmann 

AU College of Ceramics Emeriti Faculty/Spouses 
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Larry Hench K. Hirao 

Ivan Gutzow, 
Isak Avramov in 
Sofia, Bulgaria 

Fabio Nicoletti, 
Oleg Mazurin, 
Helmut Schaeffer, 
Alev Yaramaan 
2007 
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Harold Rawson Dick Brow, Bob Doremus 

Shelley Wiederhorn 

Don Uhlmann, Edgar Zanotto 

Dave Pye, Norbert Kreidl 
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Pye Festschrift  San Antonio 2018 

Center for 
Glass Research 
at ICG 
Edinburgh, 
Scotland 2001 

Test your GOMD social skills:  

Can you spot Jim McCauley, Don McPherson, Brad Bowan, Carr 
Lane Quackenbush, Margaret Adams, Innocent Joseph, Alicia 
Duran, Harrie Stevens, Andy Wereczszak, “obvious” others? 

Those great glass scientists in their flying kilts (L to R): Carlo Pantano, 
Kathleen Richardson, Manoj Choudhary, Dave Pye, Adrian Wright, Ed Boulos 
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Staff of Saxon Glass Technologies, Inc. 
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Stage performance, ICG Strasbourg France 2007 

Zanotto and AV praying together for 
the success of SGT Centennial, Eden 
Roc Hotel, Miami May 2015 

Receiving blessings from 
Christ the Redeemer,  
Rio De Janeiro 2009 
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Good times never stopped 

Oleg Mazurin, Phil Bray, Alastair 
Cormack, Bev Stevens at home 

AGC at home: Hiroshi 
Wakatsuki, Akio Koike, 
Kensuke Nagai 

Former Sheffield 
buddies: Doug Crozier, 
Tim and Karen 
Bradford at SGT 
Centennial 2016. 

Samsung Display: 
Gongmin Kim, Chang 
Hoon Lee, Hoikwan 
Lee. 
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Former  St. John’s College classmates and their spouses 
Meera Bansal, Veena Hora, Arun, Dhruv Bansal, Inder 
Hora at Agra Club 
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Brothers (L to R): Dr. Anil, Deepak, 
Pradeep, Vinay, Arun (Agra 2008) 
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Soul-mate: Darshana 
A lass from Chandigarh,  
Married “sight-unseen” in 1973 
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Daughters 

Pooja 
Kajal 

Rupal 
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The beat goes on….. 

Kiaan Baker 
Rivaan Karnani 

Grandsons 
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Regrets, I had a few 
But too few to remember… 

--Frank Sinatra 

Thank you 

While at Sheffield, I had the pleasure of working on my B.Sc. research 
thesis under the guidance of Alfred R. Cooper who just happened to be 
a visiting professor that year. Towards the end he asked, “Hey Arun, 
how about joining me at Case in Cleveland for your graduate school?” I 
said, “OK”. He called the Case Dean of Engineering. Those days the 
phone calls cost around $3 per minute. Twenty minutes later, the Dean 
called Cooper back to say, “Please tell Arun that his admission is 
confirmed, his stipend is confirmed, his tuition waiver is confirmed, just 
fill out I-20 student visa application and pack your bags to come to the 
USA.” I don’t think admission to a graduate school in the USA will ever 
be the same the way I came…I really didn’t fill an admission application 
form; I didn’t take GRE’s…. 
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          June 7, 2019 

 
 
Dear Dr. Arun K. Varshneya, 
 
 On behalf of the Glass Manufacturing Industry Council’s Board of Trustees, Executive 
Committee, and member companies, I am pleased to express our appreciation for your outstanding 
contributions to the field of glass manufacturing. 
 
 The glass manufacturing industry would not be able to provide value to the community, without 
expert technical education of its workforce and the scientific advancements of innovative researchers 
like you, who have proven to be exceptional on both fronts. 
 
 You are a highly acclaimed educator, Dr. Varshneya, as exemplified by your well regarded 
course in Engineering Operations and your textbook, Fundamentals of Inorganic Glasses, which is a 
classic in its second edition. You have ensured that your commitment to educating the next 
generation of glass professionals will endure by endowing the Darshana and Arun Varshneya 
Lectures on the Frontiers of Glass and contributing to the endowment of the Cooper Session on 
Glass, among others. 
 
 Dr. Varshneya, your career as a researcher is legendary.  With over 150 publications, you have 
contributed significantly to the body of knowledge of a wide range of glass topics and have been 
awarded notable patents.  Such lifework as researcher alone would be remarkable. 
 
 However, it is your contributions that directly benefit the glass manufacturing industry for which 
we most wish to express our gratitude.  You rekindled the interest in, and helped develop chemical 
strengthening of glass products, which has revolutionized their use.  Your entrepreneurial spirit is 
characterized as the founder and president of Saxon Glass Technologies, a company that specializes 
in ion exchange strengthening of glass.   
 
 Dr. Varshneya, the glass manufacturing industry owes much of its success and advancements to 
the dedication and brilliance of your illustrious career.  For your outstanding service to the industry 
and to the community, we are deeply grateful. 
 
 
Sincerely, 

 
Martin H. Goller, Phd 
President 
Glass Manufacturing Industry Council  
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Arun Varshneya, PhD 
President 
Saxon Glass Technologies, Inc. 
200 N. Main Street 
Alfred NY 14802 (USA). 
 
Re: Festschrift in your honor at the 25th ICG, Boston, June 2019  
 
This letter is written on behalf of Xerox technical community and in my personal capacity.  I 
know that we have greatly benefited from your help and guidance to Xerox.  Specifically, I 
appreciate the help and consultation that you have provided for our glass coating 
development efforts to impart desired functionality to some of our devices for integration into 
marking subsystems.  
 
Being an industrial scientist I am very aware that it takes a village to take ideas “from the test 
tube to customer hands” and you done this flawlessly with Epipen family of products.  Our 
hats off to you as an entrepreneur. 
 
You are a highly acclaimed educator and researcher. While at Alfred University, it is my 
understanding that you have provided some form of glass education to nearly 1/4 of all glass 
professionals in the country. I am pleased to express our appreciation for your outstanding 
contributions to the field of glass manufacturing. 
 
Dr. Varshneya, the glass manufacturing industry owes much of its success and 
advancements to the dedication and brilliance of your illustrious career. For your outstanding 
service to the industry and to the community, we are deeply grateful. 
 
I am personally delighted to have been a part in the preparation of this festschrift. On behalf of 
the Xerox technical community, we wish you the best  
Sincerely, 

  
Santokh Badesha, PhD; D.Sc. (Honorary) 

         .  
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August 1, 2019 
 
Dear Dr. Varshneya and family, 
 
It was the year 1983, I had for the first time travelled abroad from India to attend graduate school at 
Alfred University, Alfred, NY. The long journey ended at Alfred on a greyhound bus ride from the New 
Your City. Naïve to the culture and even the language, I walked into a very friendly and welcoming 
community of the Village of Alfred. Over the next five years, it become my home…it introduced me to the 
American way of life and adopted me as one of their own. I don’t remember when I met you, must be 
within a few days of arrival, and within few months after arrival I accepted to do my graduate thesis 
under your supervision. This was the starting point of a long professional and personal relationship 
with you and your family. Discussions on projects that sometimes failed to yield expected results (can’t 
believe it that I had to change projects several times, before settling on one), preparing for presentations 
at the conferences (often correcting my accent over-and-over again), traveling to conferences (one of 
which included finding a suitable match for me) to the most awesome dinners at your home, became a 
norm during my stay at Alfred. I successfully defended my MS (84)and PhD (87) thesis under your 
guidance. 
 
You and your family were there to celebrate our personal and professional lifetime events with us. I got 
married in 1986 while doing my PhD, you all welcomed Alka with open arms, helped her feel at home 
and introduced her to the living in the USA. You all were there to celebrate the birth of our kids Juhi 
(89) and Abhishek (91) while we were in Springville, NY including Abhishek’s wedding (2017). 
 
From my family to yours, I am eternally grateful for your advice, mentorship and friendship over the 
last 36 years and for many more years to come. I am honored to be a part of the Festschrift celebrating 
your lifetime achievements.  
 
With love and best wishes 
 
Vijay 
 

 
                             Vijay and Alka Jain                                        Prarthana & Abhishek Jain; Juhi Jain 
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July 30, 2019 

Arun Varshneya, 

It was great to see you and Darshana again after all these years…and meet your 
lovely family and hear all the testimonials from your colleagues and coworkers. 
We had some wonderful times together at Case with Profs. Al Cooper and Art 
Heuer.  It was a stroke of good fortune that you were leaving Ford just as I was 
staffing up our Lamp Envelope Materials Lab at GE Lighting.  I do recall that you 
were my first outside hire of a professional into the group. 

You quickly made your mark within GE and became a sought-after consultant 
throughout the operations and with the Corporate Research Center.  After I left 
the Division and, eventually, the Company, I lost contact with you.  But it was 
extremely gratifying to hear of all your lifetime contributions to the field of glass 
technology.  The “Festschrift” in your honor is clearly most well-deserved.   

Anita and I were very pleased and honored to have been invited. 

Warm regards. 

Bob Smialek 
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I felt honored when I was asked to write about Dr. Arun Varshneya, for his Festschrift. The difficult question I                    
had to address was where do I start? I met Arun for the first time in July of 1996 when we moved to Hornell,                        
NY. As a medical oncologist, I had no knowledge of ceramics or of the glass industry. My only exposure was                    
the Corning glassware we commonly used at home or the fiber optic applications used in the medical field.                  
When I was informed that Arun was a glass professor and had written a textbook, I half-expected to meet an                    
elderly, somewhat absent-minded professor. After meeting him, I was pleasantly surprised. I realized that he               
was not an ordinary person like us, but was a different breed altogether! 
 
I am definitely not in a position to comment on his glass knowledge, work, recognition or achievements. That                  
would be like trying to shine light on the sun. For all practical purposes, his advanced knowledge of glass                   
meant little to our friendship. My day and night revolved around sick people, whereas my friend's life                 
crystallized around liquefying sand with soda ash and limestone to make amorphous solids, which he               
chemically engineered to Herculean strength. As far as his expertise in glass science is concerned, I think I                  
consulted him maybe once: How do I clean glassware that had white spots and could not be washed away                   
with commercial agents? Of course our Glass Guru who had written books, published papers, and had                
patents suggested vinegar, a simple solution.   
 
Arun and I are both from the northern part of India and have been able to write and converse in Hindi. We                      
shared a common taste in music and our favorite Indian playback singer, Hemant Kumar. I still have fond                  
memories of drinking whiskey and singing karaoke tracks with him. The culture, music, food, and drinks                
bonded us in our small Indian community in Hornell, Almond, Bath, and Alfred. He helped to organize cultural                  
events and many festivities for our community. Our friendship extended to our family. When my parents                
would visit from India, Arun greeted them with respect and made them comfortable. Arun was also wonderful                 
with the community children. He used to sing, tell stories, listen to them and guide them; on one occasion, he                    
helped our son the night before his chemistry Regent's when we had to leave urgently to India. 
 
As we all know, friendship is forever, no matter what. Like any two friends, Arun and I also had many                    
arguments; he won some and well… he never gave up easy but he is a fantastic friend who is loyal,                    
dependable, kind and caring. He is always there with solutions for any problems through thick or thin. There                  
are friends, there is a family, and then there are friends who become family. He is one of those. I look forward                      
to many more years of a wonderful friendship.  
 
Arun, I congratulate you along with our local community for your 
accomplishments! 

 
 
 

Pradeep Sharda MD 
Director Med Onc, Ann and Carl Myers Cancer Center 
Associate Professor, Hematology/Medical Oncology 
University of Rochester Medical Center 
111 Clara Barton Street, Dansville, NY 14437 
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ROBERT CALLAHAN 
9901 Linksland Dr., Huntersville, NC 28078 | (917) 847-4566 | robertcallahan@carolina.rr.com 

July 27, 2018 

Dr. Varshneya 
Professor Emeritus 
Alfred University 
1 Saxon Drive 
Alfred, NY 14802 

Dear Dr. Varshneya 

It has been thirty years since I have walked the halls of Alfred University. Over that 

time, I have been fortunate to enjoy a career that has been both professionally and 

personally rewarding. 

My professional journey began in October 1988 in Roanoke, VA as a research 

engineer for the Electro-Optical Division of ITT. This business division designed, and 

manufactured night vision goggles for the US Army. The product was a marriage of 

multiple technologies. Fiber optic, thin film, semiconductor, powder processing and 

glass-to-metal seals were a few of the key technologies used to produce this amazing 

product. As a young engineer, I was in heaven learning how all these technologies 

were married up to make the "coolest product ever." The glass technology that I 

learned from you at Alfred University was directly applicable to the fiber optic 

microchannel plates that were made by the thousands at ITT.  

Semiconductor or thin film technology were not subject matters that I learned from 

you. What I learned from you transcended these technologies - you taught me the 

appreciation of the science which supports them. As a 22-year old graduate student, 

I thought I was studying to be an engineer not a scientist. In 1988, we, respectfully, 

agreed to disagree on the interpretation of my research data on the chemical 
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durability of chalcogenide glasses. My perspective was to interpret the data from an 

engineering aspect and your view was an interpretation from that of a scientist. We 

negotiated, and you naturally won – the data was interpreted from a scientific 

perspective. As a concession, I wrote about the difference of these two perspectives 

in the Appendix of my thesis. 

Shortly after my arrival in Roanoke, I found myself working to understand the science 

behind the development of new materials and process related issues. Although I did 

not realize it at the time, you had shifted my perspective to a higher level of thinking. 

More importantly, during my time at AU you imparted non-science or non-

engineering concepts that have helped shape my direction for both my career and 

personal life. While you may not have realized it, I learned these from you through 

events and observations during my time at Alfred.  

Specifically, the following have been important in my maturation process from a 

graduate student to a seasoned professional: 

• Appropriate style when dealing with difficult situations

• Importance of addressing conflict

• Capability to frame a problem and develop solutions

• Ability to self-learn

• Importance of clear writing

If you will allow me some latitude in the length of this letter, I will attempt to explain 

with examples of events or personal observations about the above-bulleted items. 

In the summer of 1988, an event occurred that was a teaching moment for me about 

the importance of how one approaches a difficult situation and the criticality of 

immediately addressing conflict. You may have long forgotten this event, but it was 

two separate reactions to this event – yours and Professor X which have stuck with me 

throughout my life progression.  
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The summer of 1988 was extremely busy for me. I was working in the labs and offices 

late every night to complete my thesis. I put one of my chalcogenide glass 

formulations (I have long forgotten the exact composition) in a box furnace to 

anneal. It was the same box furnace that I had used multiple times with no issues. I set 

the temperature to 250 C and went to work in another lab. Approximately two to 

three hours later, the lab containing the box furnace was filled with smoke. The 

furnace was turned off and Binns-Merrill Hall was evacuated for the next two hours.  

It was your reaction to this event that made an impression on me. Your demeanor 

was calm, and you were probing me in a non-threatening fact-based style. My 

perception was that you were drawing no conclusions until the facts could be fully 

understood. Conversely, Professor X formulated conclusions with half the facts and 

made public statements regarding my technical competency.  

When the smoke "cleared” and we were able to safely enter the lab, it was 

determined that the furnace had indeed been set to 250 C. Further investigation 

revealed that the controller had failed which led to the over-heating of the glass and 

subsequent smoke release. 

From this event, I was the party of two opposing reactions (and with all due respect to 

Newton, these were opposite but not equal). Your approach to this event has stayed 

with me over the last 30 years. I have had to deal with bad news and challenging 

events throughout my career. Being non-emotional and understanding the facts 

before drawing conclusions has allowed me to think more clearly about critical 

business situations. More importantly, being a steady reliable leader through stressful 

events has allowed me to keep teams of people engaged and focused on the 

solution to a business issue. If I swayed more towards the approach of a non-fact 

based, quick conclusion style, the team dynamics and subsequent resolution of the 

issues would be drastically different. 

After that event, I was informed by fellow graduate students of the comments made 

by Professor X about me. I discussed this situation with you. While many people would 
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not want to deal with this conflict, you tackled it immediately and Professor X 

apologized to me for his baseless comments. In my thirty-year career, I have 

witnessed many leaders who avoided conflict. Observing you deal quickly and 

efficiently with this situation with Professor X impressed upon me the importance of 

handling conflict in a timely fashion. 

From you, I learned about fictive (Tf) and glass transition (Tg) temperatures. To be 

honest, knowing what a glass transition temperature is or how the average 

coordination number of a chalcogenide glass impacts its micro-hardness has done 

nothing to advance my career. This was not the gift you gave me nor one that I 

believe I ever sought. You gave me a much more special gift – the ability to analyze 

and solve a problem. I observed you thinking through a problem by understanding 

the underlying issue, collecting the appropriate facts/data, applying experience to 

derive a solution and ultimately using scientific knowledge to validate the solution. 

These problem-solving skills that I absorbed during graduate school have served me 

well regardless of whether I was working to resolve a manufacturing process issue or 

dealing with a human resource problem.  

It has been written that a formal education will make you a living, but self-education 

will make you a fortune. What I learned in my formal education at Alfred was the 

ability to self-learn. I learned this throughout my duration at AU but my time in 

graduate school under your tutelage highlighted its importance. When I started that 

first professional position at ITT, I brought this self-learning approach with me. Many 

lunches were spent with a book teaching myself new engineering technologies or 

general business concepts (which at that point in my career were foreign to me). My 

self-learning did not stop at ITT, it has continued to flourish and grow over the years. 

For this, I am eternally grateful. 

Going through college in a STEM curriculum, the concept of needing a proficiency in 

all of the "3Rs" was an outlandish thought to me. At that point, in my life, there was 

only one “R” – arithmetic/math. Reading was ok. Writing, however, was for the English 

and history majors. I was an engineer. Why would I possibly need to worry about 
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writing? I learned the importance of that "R" as I watched you edit my grammatically 

challenged thesis. As your red pen "bled" across the words that I had strung together, I 

realized that I had a major deficiency. I spent the next several years honing and 

polishing my writing skills. I am certainly no Hemingway and I probably don't even 

qualify as a Mickey Spillane but watching you effortlessly re-crafting my words 

provided me with the impetus to correct my "R" shortcomings. Writing, I have learned, 

is a much more difficult skill than I ever appreciated. Maybe those English and history 

majors were smarter than I thought! 

My son, Cameron, is entering his sophomore year in college. His chosen major is 

chemical engineering, but his goal is to attend dental school and become an oral 

surgeon. As a father, I cannot be prouder of the young man that he has become. His 

determination and drive are beyond anything that I possessed at his age. When 

Cameron matriculated into college, I wrote for him "Thirty Tips for a Successful College 

Experience". This advice covered everything from expense management, to social 

activities and academics. Number 26 on the list is "get to know your professors." My 

hope is that Cameron meets his own “Dr. Varshneya”. A professor who teaches him 

not just about mass balance or the Carnot cycle but one who imparts life lessons. 

I met my "Dr. Varshneya" over 30 years ago and the lessons he taught me have 

endured. Lessons that have made a difference in who I have become. For this, I 

cannot thank you enough. 

With Deepest Respects, 

Robert Callahan 
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Ohio, where he worked on the science, technology and 
engineering of lamp glass. 

It was in 1982 that Dr Varshneya was invited by the New 
York State College of Ceramics at Alfred University to join 
the faculty rank, eventually retiring as an Emeritus Professor 
in 2010. At Alfred, he effectively taught all the required glass 
science and technology courses at both undergraduate 
and graduate levels. This included ‘Introduction to Glass 
Science’, ‘Industrial Glass and Glass-Ceramics’ and ‘Glass 
Transition Range Behaviour’, as well as the required senior 
capstone ‘Engineering Operations’. He also taught short 
courses on fundamentals of glass science and technology to 
professionals at industrial sites. 

Among Dr Varshneya’s published works is the textbook, 
Fundamentals of Inorganic Glasses, which is soon to be 
reprinted in its third edition. He is an invited solo author for 
the ‘Industrial Glass’ entry in the Encyclopaedia Britannica, 
has roughly 160 technical publications and 10 patents. 
He also co-founded Saxon Glass Technologies Inc in 
1996, a business that continues to provide glass chemical 
strengthening services for pharmaceutical applications. 

Hooked on glass!
Among the people responsible for attracting Arun Varshneya 
to the world of glass science in the first instance were Dr 
Atma Ram, former Director of the Central Glass & Ceramic 
Research Institute in Calcutta and Harish Chand Varshnei, 
owner of Saraikella Glass Works, who recommended 
studying the subject in Sheffield. “In my final year of the 
programme, I also had the pleasure of conducting thesis 
research under the co-advice of the late Professor Alfred 
R Cooper (a visiting professor at the time) and the late Dr 
Michael Cable” Dr Varshneya recalls. “During this research, 
I discovered the issue of alkali signal loss during electron 
microprobe analysis of glass, which was a very new machine 
at the time. I figured out why and provided a solution for it. 
That research was published in 1966 in Journal of Applied 
Physics; it continues to be cited today” he adds. “I was 
solidly hooked on glass!”

Starting from his primary education in India, many of Arun 
Varshneya’s teachers have influenced and inspired his career 
path and success in later life, especially Mr P C Goswami, 
the high school principal in Agra and Professor Alfred R 
Cooper of Cleveland, who is described as a guru, mentor 
and subsequently a friend. “From Mr Goswami, I learnt how 
to look at a problem, analyse it and then approach a solution 
while from Professor Cooper, I learnt how to look at both 
sides of an issue, questioning your own assumptions and 
apply simple mathematical rigour to research.” 
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Personality Profile

Having spent his entire professional 
life associated with glass science and 
technology, Dr Arun K Varshneya can 
rightly be considered a thoroughbred 
in the field. His children, nieces and 
nephews were all encouraged to follow 
his passion, which even extends to a 
personalised number plate on his car 
that identifies him as a ‘GLASGURU’. 

Brought up in the Indian city 

Glass science and technology 
expertise recognised
A widely respected expert in the field of glass science and technology for more than five 
decades, Dr Arun K Varshneya has enjoyed a highly fulfilling career, both as an educator 
at the New York State College of Ceramics at Alfred University and as an entrepreneur. 
At Saxon Glass Technologies, he was responsible for developing a strengthened glass 
cartridge for the EpiPen, a device that is helping to save literally thousands of human lives 
every year during life-threatening episodes of anaphylactic shock. 

of Agra, Arun Varshneya secured a 
BSc in pure science from the local 
university. Thereafter, he studied at the 
Department of Glass Technology at 
the University of Sheffield, UK, where 
he was awarded a BSc Tech with 
Honours in Glass Technology in 1965. 
He then joined the USA’s Case Institute 
of Technology (now Case Western 
Reserve University) in Cleveland, Ohio, 
obtaining an MS and PhD under the 
advice of the late Professor Alfred R 
Cooper. 

While in Sheffield, Dr Varshneya 
worked as a student trainee to learn 
scientific glassmaking at James A 
Joblings of Sunderland and grinding/
polishing/mounting of microscope 
objectives at W Watson & Sons 
in Barnet, Herts. After securing 
his PhD, he joined Ford Scientific 
Laboratories of Dearborn, Michigan 
in 1970, working on the science 
of ion exchange in glass to gain a 
better understanding of the chemical 
strengthening process for vehicle 
windscreens. In 1973, he moved to GE 
Lighting Business Group of Cleveland, 

Arun Varshneya PhD.

New York State College of Ceramics at Alfred University, founded in 1900 as a land grant institution, features 
the world’s largest and one of the most recognised glass science and engineering programmes at BS, MS and 
PhD degree levels.

Latest industry news and highlights from this issue at www.glassworldwide.co.uk
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Dr Varshneya also emphasises the importance of Darshana, his 
wife of 45 years. “Although not a glass professional herself, some of 
her initiatives launched to recognise glass science and technology 
research at the frontiers would perhaps be appreciated for several 
years to come!”

Industry recognition
Throughout his career, Dr Varshneya has been honoured to receive 
the recognition of his peers worldwide. He was thrilled, for example, 
to receive the President’s Award from the International Commission 
on Glass in 2007, as well as a Distinguished Life Membership from 
the American Ceramic Society in 2014. 

“But the recent presentation of a Society of Glass Technology 
Honorary Fellowship has a broader significance” he explains. 
“With this honour, I join some of the most distinguished glass 
professionals alive. It represents my glass technology education, 
starting from the UK and coming full circle. There is additionally the 
feeling of pride that I fill the shoes of Professor Ronald Douglas, 
former Chair of the Glass Technology Department, who was my 
first ever teacher of glass and my BSc thesis co-advisor, Professor 
Michael Cable.” 

And at the 25th International Congress on Glass in Boston 
this June, the organisers will arrange a ‘festschrift’ to honour Dr 
Varshneya’s lifetime of contributions.

A rewarding profession
Prior to his retirement in 2010, the 28 years spent as a professor 
at Alfred University fulfilled many of Arun Varshneya’s professional 
aspirations, guiding the young and seeing them prosper to become 
productive members of society. “When introducing myself at a 
pharmaceutical society meeting in the USA, I commented that if 
they had any glass professionals on their staff, the chances were 
that a third of them had probably received some of their education 
in glass from me” he confirmed. 

Similarly, his entrepreneurial work as President and CEO with 
Saxon Glass Technologies Inc has been equally satisfying. The 
business was started in 1996 when a pharmaceutical company 
making the EpiPen device approached Alfred University to 
overcome a cracking problem of the Type I borosilicate glass 
cartridge during medicine filling and administration. After the 
successful demonstration of trial runs, a shop was set up at the 
Ceramic Corridor Innovation Center to meet the challenge from the 
New York State legislature to help with the economic growth of the 

EpiPen with a Type I sodium borosilicate glass cartridge.

Automatic Chutes

CULLET CRUSHERs

SCRAPER 
CONVEYORs

vidromecanica@vidromecanica.com    www.vidromecanica.com

Personality Profile

www.glassworldwide.co.uk
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Make your plans now to attend the International Congress on 
Glass (ICG) 2019 in Boston, Mass., June 9–14, 2019 and join the 
expected 1,000 attendees and more than 900 papers and posters 
representing the best and brightest glass science and technology 
minds in the world.

Since 1933, the International Congress on Glass has provided valu-
able networking and collaborative efforts. ICG 2019 will include:

 • Special recognition of the 100th anniversary of GOMD
 • A strong and vibrant technical program
 • Sessions organized by ICG Technical Committees
 • Student activities including a poster contest
 • The Arun K. Varshneya Festschrift

Register now for this important glass science and 
technology meeting. ACerS Glass & Optical 

Materials Division is the ICG 2019 host.

ORGANIZATION CHAIRS:

Brow

ICG 2019 Congress president
Richard K. Brow
Missouri University of Science & Technology
brow@mst.edu

 

Mauro

ICG 2019 program chair
John C. Mauro
The Pennsylvania State University

jcm426@psu.edu

JUNE 9–14, 2019  |  BOSTON PARK PLAZA HOTEL AND TOWERS  |  BOSTON, MASSACHUSETTS  |  USA

INTERNATIONAL CONGRESS ON GLASS (ICG2019) 25 TH

100 years
HOSTED BY ACERS GLASS & OPTICAL MATERIALS DIVISION

Organized by Premier Sponsor Diamond Sponsor

REGISTER TODAY!

270



SYMPOSIA AND SESSIONS
Symposium I: Glass Structure and Chemistry

Symposium II: Glass Physics

Symposium III: Glass Technology and Manufacturing

Symposium IV: Emerging Applications of Glass

Symposium V:  Glass Education (TC23)

Symposium VI: Archaeometry (TC17)

Symposium VII: Arun K. Varshneya Festschrift

SCHEDULE AT A GLANCE
Sunday, June 9, 2019
 ICG Technical Committee meetings 8 a.m. – 6 p.m.
 Registration 3 – 6 p.m.

Monday, June 10, 2019 
 Registration 7 a.m. – 5 p.m.
 ICG opening ceremony, awards presentation,  8 – 11:45 a.m.
  and plenary session 
 Technology Fair 9:30 a.m. – 8 p.m.
 Lunch and GOMD 100th anniversary celebration 11:45 a.m. – 1:20 p.m.
 Concurrent sessions 1:20 – 5 p.m.
 CTC business meeting 2 – 5 p.m.
 Women in Science reception 5 – 6 p.m.
 Welcome reception, poster session (1 of 2) , and  6 – 8 p.m.
  Technology Fair 

Tuesday, June 11, 2019
 Registration 7:30 a.m. – 5 p.m.
 Concurrent sessions  8 a.m. – 5 p.m.
  Lunch on own Noon – 1:20 p.m.
 Technology Fair 10 a.m. – 7 p.m.
 ICG Steering Committee meeting 9 a.m. – Noon
 ICG Council meeting 1 – 4 p.m.
 Poster session (2 of 2), Technology Fair, and  5 – 7 p.m.
  reception 

50 Park Plaza at Arlington Street
Boston, MA 02116-3912
Ph: 617.426.2000

BOOK TODAY! This room block will sell out.
Group name: The American Ceramic Society
 
Group rate from $254 + tax is based on availability.  
Cut off is on or before May 8, 2019.

BOSTON PARK PLAZA

Sapphire Sponsor Program Sponsor Media Sponsor 

ceramics.org/icg2019

Wednesday, June 12, 2019
 Registration 7:30 a.m. – 12:30 p.m.
 Michael Cable Memorial lecture 8 – 9 a.m.
 Concurrent sessions 9 a.m. – 12:30 p.m.
 Technology Fair 8:30 a.m. – 12:30 p.m.
 Free time 12:30 p.m. to end of 
           day

Thursday, June 13, 2019
 Registration 7:30 a.m. – 5 p.m.
 Concurrent sessions 8 a.m. – 5 p.m.
 Lunch on own Noon – 1:20 p.m.
 Dinner banquet 7 – 9:30 p.m.

Friday, June 14, 2019
 Registration 7:30 a.m. – Noon
 Concurrent sessions 8 a.m. –12:30 p.m
 Lunch on own 12:30 – 2 p.m.
 Closing ceremony 2 – 3 p.m.

Check our website for updates
ceramics.org/icg2019
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Alfred’s Ceramics Corridor Innovation Center, which houses Saxon Glass Technologies Inc.

but there is an enormous science and 
technology involved in the successful 
making of them.” According to Dr 
Varshneya, some basic education 
about glass should be introduced at 
middle school level.

In addition, he calls on fellow 
professionals to recognise that 
professional personality is only part 
of a wholesome persona. “You must 
play team sports or acquire a taste for 
playing musical instruments or learn to 
sing to enjoy a fuller life” he contends. 
Having been taught English poetry 
by a proper English lady, Brenda 
Carpenter, at St John’s College, Agra 
during his early education, he takes 
particular pleasure in reciting romantic 
era English poems one after the other, 
all by heart.

Arun Varshneya also expresses 
concern about the low participation 
levels within the Society of Glass 
Technology. “Perhaps there are too 
many glass meetings worldwide, 
while many professionals tend to 
confine themselves to their immediate 
areas of interest but as an Honorary 
Fellow who was both an academe 
and an entrepreneur, I hope to attract 
greater glass industry participation 
into programmes that would certainly 
benefit individuals and businesses 
alike.” 

glass vials for injectables that are 
chemically strengthened to reduce 
the occurrence of glass chipping and 
cracking during transportation and 
filling. “Our goals are to use our high 
horse-powered glass engineering 
science to develop premium products 
that serve mankind” Dr Varshneya 
explains. 

In addition, he believes there 
are other consumer glass markets 
where chemical strengthening could 
be usefully employed. Examples 
under various trademarks ‘Ion-
Klad’, Frankenstein and ‘Ion-Armor’ 
include hurricane-resistant glass 
windows, vehicular transparencies for 
armour and non-armour use, solar 
energy collector glass plates and 
lightweighted glass containers. “The 
major challenges of course are the 
high cost of the strengthening process, 
coupled with the customer expectation 
of a strengthened glass. Some general 
public education is needed to convey 
that there is no such thing as an 
unbreakable glass. Just like hearts, 
glass will break when sufficient tensile 
stress is applied!”

Call for enhanced  
social awareness
“As professionals, we need to pay 
attention to bringing enhanced social 
awareness to glass science and 
technology” says Arun Varshneya. 
“Glass lenses for ophthalmic use, 
microscopes and telescopes, light 
bulbs, glass windows and optical fibres 
for telecommunication are examples 
of products that have contributed 
greatly to the comforts of modern 
civilisation. Instead of digging out of 
the earth, these products are made 
from environmentally-friendly materials 

region. Based on Dr Varshneya’s experience of research 
in ion exchange strengthening, the company produced a 
strengthened glass cartridge under the registered trademark 
‘Ionex’ that delivers epinephrine from the EpiPen autoinjector 
with near-zero probability of glass fracture during 
administration. 

According to Arun Varshneya, the high reliability of the 
device after chemical strengthening of the glass cartridge 
instilled greater confidence, contributing to a market increase 
from approximately one million units per year to nearly 24 
million units in 2017. “We own 100% of the EpiPen glass 
strengthening market” he confirmed. “The device helps save 
thousands of human lives in distress due to a potential extreme 
allergic reaction to beestings, peanuts and shell foods.” 

Besides the EpiPen, Saxon Glass Technologies hopes to 
be involved in developing pharmaceutical Type I borosilicate 

About the author:
Arun Varshneya PhD is President 
of Saxon Glass Technologies

Further information:
Saxon Glass Technologies Inc, 
Alfred, NY, USA
tel:  +1 607 587 9630
email:  varshneya@alfred.edu
web:  www.saxonglass.com

The Hall of Glass Science & Engineering annexe at Alfred University.

Crane set ups and molten salt tanks inside Saxon Glass Technologies.
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Arun Kumar Varshneya 
Professor of Glass Sci & Engineering, Alfred University since 1982. Emeritus 2011. 
President, Saxon Glass Technologies, Inc., Alfred NY, 1996 – present. 
 
Education: 
B. Sc. Agra University (India) 1962. First in order of merit. 
B. Sc. Tech. with Honors in Glass Technology, Sheffield Univ, 1965. 
 (Thesis advisor: Professor Michael Cable and Professor Alfred R. Cooper) 
MS/PhD Materials Sci & Eng., Case Western Reserve Univ, 1968/1970. 
 (Thesis advisor: Professor Alfred. R. Cooper) 
 
Prior professional positions: 
Ford Scientific Labs (Dearborn MI) 1970-1973 
General Electric Lighting Business Group (Cleveland OH) 1973-1982 
Professor of Entrepreneurial Business Administration. Alfred University. Courtesy appointment. 
2009-2010. 
 
 
Awards/honors: 
2018 “Honorary Fellow of the Society of Glass Technology” 
2015 “Friedberg Memorial Lecture” Award of the American Ceramic Society  
2015 “Toledo Glass & Ceramics Award” of the Michigan/NW OH Section of the ACerS 
2014 “Distinguished Life Member” Award of the American Ceramic Society 
2012 “Cooper Award” Lecturer on the “Science & Technology of Glass Chemical 
Strengthening” 
2011 Declared to be a crown among 25 stars by Agra District news media. 
2007 “President’s Award” from the International Commission on Glass for lifetime 
contribution to the glass profession 
1999 Fellow of the Society of Glass Technology (UK) 
1998 Invited author by Encyclopedia Britannica 
1983 Fellow of the American Ceramic Society 
1980 Outstanding Technical Achievements Award of the Cleveland Technical Societies 
Council 
1964 Violet Dimbleby prize. Sheffield University 1964 
1964 Lawson Brown prize. Sheffield University 1964 
1962 Chancellor’s medal. Agra University 1962 
 

Scholarly activities: 
Author of roughly 150 technical publications (covering wide range of topics: strength and ion 
exchange strengthening, viscosity, thermal expansion, stresses in glass-to-metal seals, glass 
structure, glass topology, glass transition range behavior, diffusion and electrical conductivity, 
chalcogenide glasses).  
Twelve US patents; One pending. Inventor or assigned to Saxon Glass Technologies. 
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Some important publications: 
(1) “Fundamentals of Inorganic Glasses”. 1st edition 1994; 2nd edition 2006; second printing 

2013. 3rd edition with John C. Mauro (in press) 
(2) “Industrial Glasses”. Invited author. Encyclopedia Britannica. Macropedia. Volume 21, 

pp 295-307 (1998). 
(3) First publication: "Changes in Composition During Electron Microprobe Analysis of 

K2O-SrO-SiO2 Glass", J. Appl. Phys. 37,2199 (1966), with A. R. Cooper and M. Cable. 
(Laid the foundation to the understanding of the motion of alkali ions under an electron 
beam. Arun was barely 21…). 

(4) The most recent: “Recent advances in the chemical strengthening of glass”, Phys. 
Chem. Glasses. Euro. J. Glass Sci Technol. B 58(4) 127-132 (2017). 

(5) The most downloaded: “Chemical strengthening of glass: Lessons Learned and Yet to 
be Learned”, Int. J. Appl. Glass Sci. 1(2) 131-142 (2010). 

(6) "Diffusion in the System K2O-SrO-SiO2:  IV, Mobility Model, Electrostatic Effects and 
Multicomponent Diffusion", J. Am. Ceram. Soc., 55, 418-421 (1972), with A. R. Cooper. 

(7) "Stresses in Glass-to-Metal Seals", Invited review chapter in TREATISE OF 
MATERIALS SCIENCE, vol. 22.:  GLASS III, pp. 241-306, Editors M. Tomozawa and R. 
Doremus, Academic Press, NY, 1982. 

(8) “Finite Element Analysis of Stresses in Glass-to-Metal Foil Seals", J. Am. Ceram. Soc., 
61(11-12), 498-503 (1978), with R. J. Petti. 

(9) "Molecular Dynamic Calculation of the Sodium Borosilicate Glass Structure", J. Am. 
Ceram. Soc., 64(3) 145-150 (1981), with T. F. Soules. 

(10) "Crystallization of Glasses in the System BaO-Y2O3-CuO-B2O3", Proc. of the 
Conference on Superconductivity and Applications, pp. 124-128, Edited by S. Kwok and 
D. T. Shaw, Buffalo, NY  April 1988, with A. Bhargava and R. L.Snyder. 

(11) "A Review of the Average Coordination Number Concept in Multicomponent 
Chalcogenide Glass Systems", with A.N. Sreeram and D.R. Swiler.  Phys. Chem. 
Glasses 34(5)179-193 (1993). 

(12) "Configurational Arrangements in Chalcogenide Glasses: A New Perspective on 
Phillips' Constraint Theory", with U. Senapati. J. Non-Crsyt. Sol. vol 185 p.289-296 
(1995). 

(13) “Inorganic Glasses- Structure, Composition and Properties” , with T. P. Seward 
III, pp 5.1- 5.96, in “Handbook of Ceramics, Glasses and Diamonds” C. A. Harper editor, 
McGraw-Hill Book Co. 2001. 

(14) “Inorganic Glasses”, with T. P. Seward III, pp 8.1-8.173,  in “Handbook of 
Materials for Product Design” C. A. Harper editor, McGraw-Hill Book Co. 2001.  

(15)  “Electrical resistivity”. with A. Fluegel. In: "High temperature glass melt property 
database for modeling"; Chapter 8, pp173-186, T. P. Seward III and T. Vascott eds. 
American Ceramic Society, 2005. 

(16) "Statistical analysis of viscosity, electrical resistivity, and further glass melt 
properties", with A. Fluegel, D. A. Earl, and D. Öksoy. In: "High temperature glass melt 
property database for modeling"; Chapter 9 (pp 187-259). T. P. Seward III and T. 
Vascott eds. American Ceramic Society, 2005. 

(17) “Enthalpy Landscapes and the Glass Transition”, with J. C. Mauro, R. J. Loucks 
and P.K. Gupta, Sci. Model. Simul. pp 1-41 (2008). 
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(18) “High-Strength, Large-Case-Depth Chemically Strengthened Lithium 
Aluminosilicate Glass”, with Ian Spinelli, Am. Ceram. Soc. Bulletin 88(5) 27-33(2009). 

(19) “Comment on the Misconceived Definition of Glass”, with J. C. Mauro. Glass 
Technol. Eur. J. Glass Sci & Technol. 51(1) p28-30, 2010. 

 
Voluntary professional service: 

(1) All posts in Northern Ohio chapter of the American Ceramic Society. 1974-78. 
(2) All posts in the Glass & Optical Materials Division of the American Ceramic Society 

(Chair, 1986). 
(3) Advisory Committee member for the International Commission on Glass. 
(4) Fellows committee, Society of Glass Technology. 
(5) International Congress on Glass, New Delhi 1986: Outside-India organizer and 

fundraiser. 
(6) Fundraiser, International Congress on Glass, San Francisco CA 1998. 

 
The person: 
Having spent three years of his early professional education at the Dept. of Glass Technology, 
Sheffield University, Arun is a model student product of Professor Alfred R. Cooper (visiting), 
Professor R. W. Douglas, Professor Michael Cable and Dr. H. S. Y. Gill. He carries their torch 
with responsibility. Both Sheffield and, later, Case Western Reserve University gave him the 
widest and the deepest appreciation into glass science and technology which shines in his 
very comprehensive solo-authored textbook, “Fundamentals of Inorganic Glasses” used 
worldwide to teach glass engineering science. As a teacher himself at Alfred University, he 
taught nearly all of the required glass courses both at the undergraduate and graduate level in 
addition to teaching business basics to all glass/ceramic engineering students as their 
academic capstone. For this, he is much admired by the alumni. He could genuinely claim that 
nearly ¼ of all graduates in glass within the US have had some kind of training in glass from 
him which speaks very well for a Sheffield product. He pioneered bringing science to the 
understanding of stress development in glass-to-metal seals using early versions of finite 
element software and molecular dynamics simulations to study glass structures. In recent 
years, he has contributed heavily (~20 publications) to the development of glass chemical 
strengthening science and technology. As founding president of Saxon Glass Technologies, 
Inc., he has brought to the market chemically strengthened glass container for the EpiPen 
containing epinephrine as an emergency antidote to combat anaphylactic shock in case of 
severe allergies to bee-stings, peanuts, and shell foods. The Company as the sole supplier 
has brought to market nearly 350 million units over the past 22 years; his staff could claim that 
they literally help save thousands of human lives each year. 
 
Arun is basically a cosmopolitan in nature and generously volunteers his time to serve his 
colleagues and peers in the American Ceramic Society, the International Commission on 
Glass and the Society of Glass Technology to keep his global presence. He and his wife 
Darshana contributed sufficiently to endow the “Darshana and Arun Varshneya Frontiers of 
Glass Science Award” and the “Darshana and Arun Varshneya Frontiers of Glass Technology 
Award” at the American Ceramic Society. He has also volunteered his time to the various India 
associations in his communities. 
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THESES ADVISED BY ARUN VARSHNEYA
Year Author Title Type 

1983 Marra, John E. Stresses In Dumet-Soft Glass Bead Seals BS

1984 Dumais, Glenn A. Kinetics of Ion Exchange Under the Influence of External 
Stresses BS

1984 Burgess, Kevin D. Chemical Durability of Opaline Fluoride Glass BS

1985 Lakshminarasimha, 
Madhavrao

Finite Elemenet Stress Analysis of High Pressure Sodium Vapor 
Lamps and Anolamous Birefringence in Glass MS

1985 Longobardo, Anthony V. Finite Element Stress Analysis of Thick-wall Glass Tube Butt 
Seals and Glass-bonded Thick-film Microelectronic Devices MS

1985 Suh, Nungil Gel Derived Soda Lime Silica Glass with and without Nitrogen MS

1985 Jain, Vijay Finite Element Stress Analysis of an Epoxied Rectangular 
Headlamp and a Ceramic-glass Cathode Ray Tube MS

1985 Potter, Barret G., Jr
Compositional Analysis of the Gold Conductor-alumina 
Substrate Interface of a Commercial Thick-film Microelectronic 
device

BS

1986 Sozanski, Mark R Flame-sprayed Glase-strengthened Glass Products MS

1986 Tesar, Aleta Anne Computer Simulation Studies of Alkali-silicate Glass Structures Phd

1986 Johnson, Eric J. Feasibility Study of a Glass Surface Viscosity Analysis Method BS

1987 Hosmer, Kevin Anomalous Birefringence in Discretely Phase-separated Glasses MS

1987 Swiler, Daniel R. Mechanical Behavior of Ge-Sb-Se Chalcogenide Glass Fibers MS
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1987 Donohoe, Lisa M. Analysis of Early Glass Objects from Nevasa Excavations in 
India BS

1988 Sehgal, Jeetendra Strength of Lead Silicate Glass After Hydrogen Reduction MS

1988 Jain, Vijay On the Nature of Ionic Conductivity in Fused Silica Glasses Phd

1988 O'Bryan, Annette The Effect of Rare Earths on Thermal Properties of 
Aluminosilicate Glasses BS

1989 Callahan, Robert M. The Effect of Environment on the Chemical and Mechcanical 
Properties of Chalcogenide Glasses MS

1989 Reilly, James Francis The Effect of Particle Size on the Measurement of Glass 
Inhomogeneity by Shelyubskii Technique MS

1989 Malone, Patrick Francis The Effect of Chemical Environment and Material Purity on the 
Properties of Fluorozirconate Glasses MS

1989 Longobardo, Anthony V. The Effect of Processing and Impurities on the Stability of 
Flurozirco Aluminate Glass Phd

1989 Sabol, Colin R. The Determination of the Thermal Expansion Coefficients of 
Thin Glass Coatings BS

1990 Reitter, Andrew M. Enhancement of Mid-IR Transparency of Chalcogenide Glasses 
for Laser-assisted Microsurgery MS

1990 Wyrough, James D. Bonding of Gel-prepared Sodium Silicate Thin Films to Silicon 
Metal Substrates BS

1990 Swiler, Daniel R. Composition/structure/property Relationships in Ge-Sb-Se 
Chalcogenide Glasses Phd

1990 Bishop, Robert C. Bonding of Titania Silicate Sol-gels to Silicon Metal Chips BS

1990 Nayar, Dhiraj Low Temperature Sealing Glasses BS
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1990 Schultze, William H. Measurement of Glass Viscosities Using a Parallel Plate 
Viscometer for High Temperature Workability Studies BS

1991 Sereeram, A.M. Effect of 'Iso-Structural' Substitution of TE as AS on Ge-Sb-Se 
Chalcogenide Glasses MS

1991 Jain, Priya Mechanism of Strengthening in Surface-Reduced Glasses MS

1992 O'Brien David James Measurement of the Stress-optic coefficient in Oxide and Heavy 
Metal Fluoride Glasses MS

1992 Anderson, Peter C. Density of Amorphous and Crystalline CdGeAs2 BS

1992 Fox, G. Jacob, IV Heterogenous Nucleation of Bismuth, Strontium, Calcium, 
Copper Oxide Superconductors BS

1992 Frederes, Kevin P. The Leaching of Lead and Other Metal Ions from Lead Crystal 
Glasses BS

1994 Senapati, Udayan Measurement of the Thermal Properties of Chalcogenide Glasses MS

1994 Signori, Ricardo J. Stress-optical Coefficient of Fused Silica, Ion-exchangeable 
Aluminosilicate, and Soda Lime Glasses BS

1994 Castilone, Robert, J. An Investigation Into the Two-step Ion Exchange Strengthening 
of Glass BS

1995 Mclean, Brent R. Conversion of Industrial Waste Into High-tension Electrical 
Insulators BS

1995 Hartman, Bruce G. A-glass Fiber Strength Measurement BS

1996 Tyagi, Vineet Physical Properties of Ion-exchange Strengthened Glasses MS

1996 La Salle, Michael E. Characterization of the Recording Dynamic Microhardness 
Indenter with Respect to Yield Point Behavior of Materials BS
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1996 Butler, Bryce, P. Physical Properties of Recycled/converted Glasses MS

1996 Bhagwani, Anil Optical Properties of Chalcogenide Glasses MS

1997 Firstenberg, Keith Measuring the Temperature Coefficient of Refractive Index for 
Chalcogenide Glasses in the GexSe(1-x) System BS

1997 Bougher, Douglas A. Devitrification of GE 214 Fused Silica with Varying Surface 
Treatments BS

1997 Rao, Sujeet
The Effect of Cooling Rate on Density, Glass Transition 
Tempertature, Heat Capacity and Crystalization Tendency of 
20Ge80SE Glasses

BS

1997 Worth, Thomas M. Dissolution of Zirconium Metal Inclusions in Waste Glass BS

1997 Senapati, Udayan Physical Property Changes Associated with Glass Transistion in 
Chalcogenide Glasses Phd

1998 Unger, Abby B. The Effect of Time, Temperature, and NA Contamination on 
Glass Tubes Ion Exchanged in a KNO3 Salt Bath BS

1998 Forsey, Melissa A. The Electrical Conductivity of Ge-Se Chalcogenide Glasses BS

1999 Jacobs, Joshua Michael Newtonian and Non-newtonian Viscous Flow Behavior of 
Various Commercial Glass Compositions MS

1999 Firstenberg, Keith Microindentation Hardness and Deformation Energy 
Measurements in Ge-Sb-Se Chalcogenide Glasses MS

2000 Bogart, Matthew B. High Temperature Polymeric Coating for Commercial Silcate 
Glasses BS

2000 Gall, Bryan
Study of Crystalization of Glasses in the DY2O3. Al2O3. SiO2 
[sic] and CaO. BaO. SrO. Al2O3 [sic] Systems Using High 
Temperature X-ray Diffraction

BS

2000 Strange, Daniel J. Micromechanical Properties of Glass in the Ge-Sb-Se System MS
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2001 Jones, Jeffrey M. The High Temperature Electrical Conductivity of Borosilicate 
and E-glasses BS

2001 Mauro, John C. Sol-gel Thin Film Coatings on Ion-exchanged Sodium Borsilicate 
Glass Capsules for Reduced Alkali Diffusion BS

2001 Zhang, Junhong Physical Properties of Sealing Glass in the Dy2O3. Al2O3. SiO2 
System MS

2002 Schaut, Robert A. Investigation of Anomalous Tensile Stress Generation with 
Prolonged Ion Exchange BS

2004 Rangarajan, Badri Elastic/plastic Behavior of Chalcogenide Glasses in the Ge-Sb-Se 
System MS

2004 Schmitt, Melodie L.
Reinvestigation of Anomalous Tensile Stress Generation with 
Prolonged Ion Exchange : Effect of Variation in Alkali 
Concentration

BS

2006 Faltenbacher, Josef An Examination of the Physical Properties of Ion Exchange 
Strengthened Corning 0211 Float Glass BS

2006 Mauro, John C. Multiscale Modeling of Chalcogenides Phd

2009 Kreski, Patrick K. Stress Development and Alkali Interdiffusion in Enamel-coated 
Soda-lime Silicate MS

Some graduate theses
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ARUN K. VARSHNEYA 
 
 
PUBLICATIONS ON ION EXCHANGE STRENGTHENING OF GLASS: 
 
(1) "Ion Exchange in Sodium Borosilicate Glasses", J. Am. Ceram. Soc., 57(4) 

165-169 (1974), with M. E. Milberg. 
 

Important contribution: This paper convincingly demonstrated that glass in 
the ion-exchanged region acted as a stack of mixed-alkali glasses having 
decreasing ratio of the invading alkali ion with depth below surface. Hence, 
the kinetics of ion exchange in glass are determined by an interdiffusion 
coefficient calculated using Nernst-Planck expression and the self diffusion 
coefficients in the mixed-alkali compositions, albeit some effect of the 
generated stresses around each site. The research also showed that the 
diffusion behavior remains largely Fickean and that the activation energy 
decreases with the increasing fraction of non-bridging oxygen (i.e. 
decreasing B/Si ratio). 

 
(2) "Application of Iterative Deconvolution Technique to Ion-Exchange Study in 

Glass", J. Am. Ceram. Soc. 57 (4) 170-172 (1974), with Z. Mencik. 
 
 This paper applied an iterative deconvolution technique to converting the 

as-measured concentration profiles using an electron microprobe in order 
to be in conformance with that expected from the appropriate solution to 
the diffusion equation. 

 
(3) "Influence of the Strain Energy Upon Kinetics of Ion Exchange in Glass", J. 

Am. Ceram. Soc., 58(3-4) 106-109 (1975). 
 
 This paper showed a semi-quantitative agreement between the effect of 

generated stresses upon the diffusion coefficients as calculated using the 
Nernst-Planck expression. The diffusion coefficients decrease in the 
surface region where compression exists and increase within the interior 
where a tension exists. This would be expected if one assumed that the 
average size of the alkali interstitial site in glass depended upon the sign 
and magnitude of the stress. It also showed for the first time that the 
stresses calculated using Cooper’s analogy to thermal stresses by 
computing the free volume changes in the mixed-alkali layers of as-melted 
glass compositions were approximately 2-4 times those observed. 
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(4) "Kinetics of Ion Exchange in Glass", J. Non-Cryst. Sol., 19, 355-365 
(1975).  Also published in "GLASS SURFACES", D. E. Day ed., North 
Holland Pub. Co. (1975). 

 
 This paper pulled together much of the earlier work.  
 
(5) "Finite Element Analysis of Stresses in Ion-Exchanged Glass", J. Am. 

Ceram. Soc., 59(1-2), 42-46 (1976), with R. J. Petti. 
 
 This numerical simulation using a finite element code showed that the 

anomalous tension maximum observed by some authors may in part be 
explained by the fact that birefringence methods only measure the 
difference of principal stresses whereas the ion exchange theory highlights 
individual stress components. However, a generalized explanation to the 
magnitudes of the anomaly could not be obtained using this approach. 

 
(6) "Influence of Externally Applied Stresses upon the Kinetics of Ion 

Exchange in Glass", J. Am. Ceram. Soc., 68 (7) C185-186 (1985), with G. 
Dumais. 

 
 In this small, somewhat elegant experimental research carried out on ion 

exchanging a rod in bent form, the results clearly showed that the kinetics 
of ion exchange are faster on the tensile side of the bend relative to the 
compressive side. 

 
(7)  "Finite Element Analysis of Network Dilatation in Ion-Exchanged Rods 

After Slicing", J. Amer. Ceram. Soc. 70(8), 595-98 (1987), with V. Jain. 
 
 Finite element method was used to show that cylindrical surface of rods 

convexed and the ends concaved. These shape changes resulted in an 
apparent maximum of the “observed birefringence” below surface, 
however, the usual surface compression maximum maximum 15 to 40 
micron below the surface could not be accounted for. The paper also 
showed that the introduction of glass network plasticity reduced the 
observed magnitude to be in line with those measured. 

 
(8) "Technology of Ion Exchange strengthening of Glass:  A Review", with 

W.C. LaCourse.  Ceram. Transactions, V 29, 365-376(1993):  Proc. Third 
Intl. Conf. on Advances in the Fusion and Processing of Glass", New 
Orleans, LA.  
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 This is a review paper on the technology of ion exchange strengthening of 
glass and discusses many useful details of the technology. 

 
 (9)   "Measurement of Progressive Stress Buildup During Ion Exchange in Alkali 

Aluminosilicate Glass", with V. Tyagi.  J. Non-Cryst. Sol. 238, 186-192 
(1998). 

 
 In this yet another elegantly conducted research using progressive 

measurements of birefringence while ion-exchanging in a temperature-
controlled optical cell under a polarizing microscope, it was shown that 
birefringence that developed at temperature decreased about 20 to 25% 
upon cooling to room temperature. Again, this observation suggested that 
the reduction of observed stresses in real experiments from those 
computed using the Cooper theory could only be partly accounted for by an 
apparently high thermal contraction coefficient of the interdiffusion layers. 
However, the bulk of the difference of a factor of 2-4 between the usually 
measured stresses could not be explained. 

 
(10)   “Physical Properties of Ion-Exchanged and Melt-Processed Glasses 

Differ”, GlassResearcher, 10(2)/11(1) 21-26, 51(2000). 
 
 In this paper, the anomalies observed during ion exchange strengthening 

of glass are pulled together; that (1) the observed stresses are usually a 
factor of 2-4 lower from those calculated using free volume change of the 
mixed-alkali as-melted glasses, (2) there is an anomalous tension 
maximum observed which is inconsistent with the solution to the usual 
diffusion equation, and (3) the observed maximum compression is often 
subsurface rather than being exactly at the surface as expected from the 
solution to the diffusion equation and the observed concentration profile of 
the invading ion. Varshneya suggests that, during ion exchange, each site 
expands elastically at first and then deforms permanently to accommodate 
a part of the size difference. Thus, glass in the ion-exchanged region was 
different from the as-melted mixed-alkali counterparts; it had to be 
behaving as a “stuffed derivative” of those structures.  The plasticity of the 
glass network would act in the reverse direction, hence, acted to reduce 
those magnitudes expected from pure elastic deformation. A back-
exchange of ions should result in the decay of the elastic stress, hence, 
surface should display a residual tension. Varshneya also showed that the 
ion exchange region layers had partly densified structure – not exactly that 
expected from a suppression of deformation if the incompatible strains 
were purely elastic. Other constants of the measurements, such as the 
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linear network dilatation coefficients and the elastic moduli might vary in 
the stuffed derivatives, however, such effects were of second order. 

 
(11) “Chemical Strengthening of Glass Products”, Trans. Ind. Ceram. Soc. 

60(1) 1-6(2001) 
  

This paper discusses the science and technology of chemical 
strengthening of glass products. For the technology, it particularly 
emphasizes the need for the control of salt composition in the exchange 
bath and an overall statistical process control using abraded MOR as well 
as stress measurement using optical methods. The paper discusses the 
expected performance of glass products, in particular, the weibull statistics 
of the strength distribution and the differences between the “tin side” 
versus the “air side”, and the newly established ASTM-C1422 standard. 
 

(12) “Alfred University develops stronger glass for mobile applications”, Bull. Am. 
Ceram. Soc. News & Trends, 87(3) p3 (2008). 

 
 This news item describes a thin (~0.7 mm) high strength glass for displays 

in personal mobile communication electronic devices such as the cell 
phones, MP3 players and the like. 

 
(13)  “High-strength, large-case-depth chemically strengthened lithium 

aluminosilicate glass”, with I. Spinelli. Bull. Am. Ceram. Soc. 88(5) 27 -
33(2009). 

 
 In this paper, Varshneya describes what could be hailed as the “world’s 

strongest glass man ever made”. A commercially obtainable lithium 
aluminosilicate flat glass was chemically strengthened in a specified 
KNO3/NaNO3 mixed bath to develop a surface compression as large as 
about 1 GPa and a case-depth of ~ 1 mm. Its potential use in transparent 
armor and other vehicle transparencies could bring new markets to a 
nearly half-century old glass-strengthening industry. 

 
(14) “Chemical Strengthening of Glass: Lessons Learned and yet to be 

Learned”, Int. J. Appl. Glass Sci., 1(2) 131-142 (2010) 
 
 Important review: This paper takes an inventory of what has been learned 

and what is yet to be learned with regard to the chemical strengthening of 
glass science and technology. While much about the overall kinetics of the 
ion exchange process is understood and the strengthening mechanisms is 
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understood superficially, the details of stress generation and its concurrent 
structural relaxation due to network plasticity are not understood. In 
addition, the effect of minor constituents in glass and immersion bath 
composition and the damage evolution due to high velocity impact need to 
be studied. 

 
(15) “The Physics of Chemical Strengthening of Glass: Room for a New View”, 

J. Non-Cryst. Sol. 356, 2289-2294(2010). 
  
 In this review paper presented at the XII International Conference on the 

Physics of Non-Crystalline Solids, Iguassu Falls Brazil, September 2009, 
the apparent discrepancy between the surface compression usually 
measured in an ion-exchanged glass and that calculated by changes in 
molar volume is discussed. In particular, Varshneya suggests that, during 
ion exchange, an interstitial site within the  glass undergoes hydrostatic 
yielding as well as shear yielding each of which, once exceeded, prevent 
further buildup of stresses. Varshneya predicts that topologically optimized 
glass networks would present the best opportunity for the highest surface 
compression. 

 
(16) “Photoelastic measurement of high stress profiles in ion-exchanged glass”,  
        Phillip Jannotti, Ghatu Subhash, Peter Ifju, Patrick Kreski and Arun 
        Varshneya, J. Int. Appl. Glass Sci, 294)275-281(2011). 
 

 An optical birefringence method to measure very high stress in chemically 
 strengthened glasses is described.  

 
(17) “Influence of ultra-high residual compressive stress on static and dynamic 
  indentation response of a chemically strengthened glass”, Phillip Jannotti, 
   Ghatu Subhash, Peter Ifju, Patrick Kreski and Arun Varshneya, J. Euro.  
  Ceram Soc. 32 (2012)1551-1559. 
 

Dynamic indentation measurements in chemically strengthened glass are 
made and compared with static indentation measurements. Of note is the 
higher hardness much deeper than the ion penetration profile which remains 
unexplained as yet. 

 
(18) “Atomistic understanding of the network dilation anomaly in ion-exchanged 
   glass”, Adama Tandia, K. Deenamma Vargheese, John C. Mauro, Arun K.  
  Varshneya, J. Non-Cryst. Sol. 358 (2012) 316–320. 
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It has been shown that, following ion exchange, network accommodation 
of the larger ion occurs such that the “stress-free” state corresponds to a 
lower molar volume structure. Such structures are “forbidden states” in 
any temperature –time path. 

 
(19) “The chemistry of chemical strengthening of glass”, Arun  K. Varshneya and  
   Patrick K. Kreski, Ceram. Trans. 231, 107-114(2012). 
 

The effect of bath contamination on chemical strengthening is discussed. 
 
(20)  “Investigation of ion-exchange “stuffed” glass structures by molecular  

  dynamics simulation”, Patrick K. Kreski, Arun K. Varshneya and Alastair N.  
  Cormack, J. Non-Cryst. Sol., 358(2012), 3539-3545. 

 
Network accommodation of the larger ion occurs such that the “stress-free” 
state corresponds to a lower molar volume structure. 
 

(21) “Ball impact response of unstrengthened and chemically strengthened glass 
bars”, P. Jannotti, G. Subhash, A. K. Varshneya J. Amer. Ceram. Soc. 97 
(1), 189-197 (2014). 

 
Ball impact data in a Hopkinson type equipment on chemically 
strengthened Ion-Armor™ glass are presented. 

 
(22)  Impact-induced deformation mechanisms in unstrengthened and chemically 

strengthened glass bars”. P. Jannotti, G Subhash, A. K. Varshneya, 
International Journal of Impact Engineering 75, 53-64 (2015). 

 
Deformations during impact in a Hopkinson type equipment on chemically 
strengthened Ion-Armor™ glass are presented. 

 
(23)  “Buildup and relaxation of stress in chemically strengthened glass”, with G. 
    A. Olson , P. K. Kreski, and P. K. Gupta. J. Non-Cryst. Sol. 427, 91-97 
         (2015). 
 

Important contribution: Using molecular dynamics simulation, it is shown 
that glass network undergoes fast beta relaxations on pico-/nanosecond 
time scales which effectively reduce the observed surface compression. 
Glass after the relaxation is brought to a “forbidden” state which is not 
accessible by on the Volume-Temperature diagram. This explains why the 
experimentally observed compression is a factor of 2 – 5 too low compared 
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to what the molar volume exchange principles advanced by Cooper would 
predict (“the dilation anomaly”). 
[Answer: Drink 8 oz. of cow’s fresh urine every morning. I recall vividly!] 

 
(24)  “Mechanical model to simulate buildup and relaxation of stress during glass  

chemical strengthening”. J. Non-Cryst. Sol. 433, 28-30 (2016). 
 
Fast and slow relaxations are simulated using spring-dashpot models of 
Maxwell and Voigt-Kelvin types. Good consistency of tress and 
deformations with time with experimentally observed data is shown. 
 

(25)  “Cover screens for personal electronic devices: Strengthened glass or 
sapphire?”, with P. P. Bihuniak. Amer. Ceram. Soc. Bull. 96(5) 20-
25(2017). 

    
  The break susceptibility of strengthened glass screens for use as display 

cover in personal mobile communication devices is explored and compared 
to its closest competitor, the sapphire crystal screen. 

 
 (26) “Recent advances in the chemical strengthening of glass”. Phys. Chem. 

Glass Eur. J. Glass Sci. Technol. B, 58(4) 127-132 (2017). 
 
  Advances in the chemical strengthening technology since the 2010 review 

are discussed. Most important advance is the resolution of the “dilation 
anomaly”. 

 
 (27) “Warp reduction in thin chemically strengthened float glasses”. Cer Eng. & 

Science Proceedings 39(1) 191-200 (2018). Am Ceram Soc. Columbus OH  
 
 Float glass is made by floating molten glass over a bath of molten tin. 

Some tin absorption occurs during the floating process on the tin contact 
surface. The “tinned” side acts to impede interdiffusion of K+ ions during a 
immersion in KNO3 salt bath. Hence, thin float glasses for use as cell 
phone display cover tend to warp after chemical strengthening. Some 
means to reduce the warp concurrent with the strengthening process are 
discussed. 

 
(28) “Simulation of glass network evolution during chemical strengthening:  

Resolution of the subsurface compression maximum anomaly” Guglielmo  
Macrelli, Arun K. Varshneya, and John C. Mauro. Submitted to J. Non-
Cryst. Sol 2019 
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In soda lime silicate glasses, the maximum compression is usually 
observed subsurface, in apparent contradiction to the Cooper theory. This 
“anomaly” is further dramatized in some lithium aluminosilicates where the 
surface compression relaxes to zero and changes to tension upon 
continuing exchange. A rational explanation to this anomaly is offered in 
terms of volume shrinkage due to high internal pressure buildup. 

 
PATENTS: 
 
1.  “Chemically strengthened lithium aluminosilicate glass having high strength 

effective to resist fracture upon flexing”. US patent 8,304,078 B2. Nov. 6, 
2012. 

2. “Method for making strengthened glass”. US Patent 8,959,953 B2. Feb 24, 
2015. 

 
3.  “Transparent Armor Systems”. US Patent 9,162,426 B2. Oct. 20, 2015. 
 
4. “Strengthened glass and methods for making using differential density”. US 

Patent issued to Patrick K. Kreski. Owner Saxon Glass Technologies, Inc. 
 
5.  “Strengthened glass and methods for making using heat treatment”. US 

Patent 9,796,621 B2. Oct. 24, 2017. 
 
6.  “Strengthened glass”. US Patent 9,815,732 B2 Nov. 14, 2017. 
 
7. “Method for making strengthened glass having reduced induced curvature 

using differential chemistry”, US Patent 10,252,941 April 09, 2019. Owner 
Saxon Glass Technologies. 

 
8. “Strengthened glass and methods of making using an electric field”. 

Pending. 
 
Co-Founder and president of Saxon Glass Technologies, Inc., Alfred NY, 

which supplies highly reliable chemically strengthened glass cartridges for 
autoinjector applications to avert anaphylactic reactions against bee-stings 
and peanuts etc. Business founded in 1996. Fracture probability decreased 
from around 10% to below 1 ppm due to glass strengthening. Volume 
increased from ~ 1 M per year in 1996 to nearly 25 M per year in recent 
years. Market share is 100% for this product. 

May 18, 2019 
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