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Name four glass
products that have
brought much
comfort to human
living
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How do you make a glass?
14%Na,0-10%Ca0-2%Al,0,-74%Si0,

Typical raw materials:

Commonly occurring minerals of the Earth.
Na,CO; = soda ash

CaCoO; = Lime stone

Al,0,.2S5i0,.2H,0 = Clay

SiO, = Sand

Melt at ~1450°C

Infinitely recyclable
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Even overflows from both sides
Streams fuse at the bottom of the

* Direction in which

it is drawn
' Enlarge

(a) Steel Casing

13%3!

(b)

Construction of a Ribbon glass bulb machine of Corning Glass Works. Daily output more than 1 million bulbs.

1 glass furnace; 2 cord of viscous glass; 3 smooth roll; 4 profile roll; 5 rolled ribbon of glass, with i
)

P d blobs; & vor belt made of perforated metal plates;
7 blowing heads; & carrier belt for 7; & glass bulbs blown through the holes in the conveyor belt; 10 split molds carried on conveyor below 6 and surrounding bulbs &
11 finished glass bulb; 12 separator; 13 take-off device; 14 conveyor for bulbs to annealing oven
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Solid Materials

Metals
Polymers
Ceramics
Glasses
Paper

Classification by atomic order

Crystalline solids
Non-Crystalline solids (amorphous, glasses)
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What Is force F?
F = a push or a pull that would bring a change in the

motion of a mass m
F = Applied load
If you place 1 kg mass on the body, F = mg

What Is stress ¢? ¢ = Applied force/area of application

When you apply a stress on a body, what happens?
c =E¢ , E = modulus of elasticity,
¢ = strain = change in length /original length
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Theoretical strength

Distance between two neighboring atoms
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What is a ductile or a brittle material?

Ductile material such as aluminum wire, copper plate.
Application of stress beyond an “elastic limit” causes them to
permanently become longer, or permanently bend.

Dislocation motion in the atomic structure brings about “plasticity”.

Energy is spent. So you have to apply more and more energy to
ultimately cause fracture in a metal.

Fracture = atoms are separating permanently
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Dislocation motion in a crystal can lead to
plastic deformation
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Theoretical strength of a glass around 35 Gpa
But glass products break at as little as 20 MPa

In a glass structure, there is no such thing as a Toee <7 0
dislocation. Thus stress continues to build.

Atomic sized surface flaws act as stress intensifiers.
Fracture starts at the tip of the flaw when the stress
exceeds the strength of the atomic bond.

Severity of a flaw is described in terms of length/radius v

of curvature at the tip. Weakest link argument
Even a 5 micron sized flaw can reduce the practical
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Crack velocity, ms-!
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Glass only breaks in tension, usually from
a surface flaw

How to strengthen glass products?

(1)Remove flaws (or use surface barrier coatings)
(2)Insert a large compression in the surface. Applied
stress must exceed the compression first.

Most common commercial techniques:
Thermal tempering

Chemical strengthening

Lamination
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Chemical Strengthening

: Submerge in a bath of
&« How it works: O ™MoltenKNO, O
09000 g
Original surface r\ O O O O Ion Size
V V
Voo © oA R P O Na (0954
00900.10° 2090915 N
o O OOQ o O OOO O K (33A)
_____________________O ______ 5"
Surface in compression O QO OOC? O %
{—— © O O
‘-F ONVOYO\| O
Q00.9~ O,
O O R0 ey G, GLA\
o ©~o O%0 @ aoaz)

International Year of Glass



Concentration of invading ion and
stress vs depth
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Third Edition

Fundamentals of Inorganic Glasses
Arun K. Varshneya and John C. Mauro

A COmprenensive EXthook in the field of §i3ss S07eNce and eNmneering

The third editioh of Fondamentas of Inoganic Fifsses has been updated with the most recent
advances in glass physics and chemistry, aswell as disoussions of new groundbreaking applications
of glassy materials. This book is suitable for upper bewel glass sCéence Cowrses, a5 well as for
professional glass SCentists and engineers. FINdamentals of Inmantc Fliasses is the definitve
reference for the field of glass science and engineering, offering comprehensive owerage of the
Compasition, structure, and properties of inorganic glasses.

ey Faaturas
Clearly develops fundamental conoepts and the basics of glass physics and chemistry and glass
enginesring technology.

* Provides 2n extensive diSCUSSn of (e CMMpasition, Structure, and propenties of innganic glasses.
Faatures 3 discussion of the emerging applications of glass, including applications. in enargy,
BIWiNOMIMEnt, pharmaceuticals, and mare.

Concludes chapters with sSWmmaries and problem sets to facilitate self-study.

D Arun K. Varshneya is Professor Emeritus of Glass Soence and Engineering at Alfred
University. Prior i joaning the faculty at Alfred's New York State College of Ceramics in
1982, he worked a5 3 senior sCientist for Ford and General Electric Lighting Business
Growp. Arun is currently the president of Saxon Glass Technologies IncC. which specializes
in strengthening glass for various. indusiries. He is the invited author of the " Industrial
Glass™ entry in Encyclopedia Britannica and has more than 180 technical publications covering a
broad range of topics in glass. Arun i a Distinguished Life Member of the American Ceramics Sooaty,
an Honorary Fellow of the Society of Glass Technology, and a recipient of the President’s Awand from
the International Commiszsion on ELass for lifetime achisvements. Varshneya eamed a BSC fromAgra
University in india, 2 BSC with Honors. in glass technolpgy from the Unisersity of Sheffield JUK), and
M5 and PhD in materials stience, both from Case Western Resense Universigy in Clevedand, Ohio.

Or. John C. Mauro is Professor of Materials Science and Engineering at The Pennsylvania
State University. John earned a BS in Glass Enginesring Science [(2001], BA in Comiputer
Srience |2001), and PhD in Glass Science [2004], 21l from Alfred Universigy. He joined
Corning Incorporated in 1999 and served in mulkple roles there, including Samior
Research Manager of the Glass Research department. Johin is the imeentor or Coimventon
of several new glass compasitions for Cornang, incluging Coming Gorilla® Glass producks. John
joined the Baculty at Penn State in 2017 and is curmently a world-recognized expert in fundamential
and applied glass science, statiskical mechanics, computational and condensed makker physics,
thermodynamics, and the topalogy of disordered networks. John is the author of over 220 peer-
reviewed publications and is Editor of the Jourmal of the Amercan Ceramic Society. John i winner
of numersus international awards and is a Fellow of the American Ceramic Society.

IS8 978-012-81822 55
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Third Edition

Fundamentals of

Inorganic Glasses

Arun K. Varshneya and John C. Mauro
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SAXON GLASS TECHNOLOGIES, INC.
200 n. Main Street, Alfred NY 14802 (USA)

where science, technology and experience meet....

Kajal Varshneya, Chief Operating Officer

Chemically strengthened Type | borosilicate glass
cartridge is housed in each and every EpiPen and
Amneal autoinjector to reliably deliver epinephrine to
avoid anaphylaxis shock in the event of life-threatening
severe allergic reaction to peanuts, bee-stings and shell
foods.

Prior to strengthening, the glass fracture rate during
administration was ~10%. Glass chemical strengthening
has reduced this probability to near zero.

Since 1996, nearly 0.5 billion strengthened glass

cartridges have been supplied resulting in helping to @ GL;‘O

save thousands of human lives each year.
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The |
American
Ceramic
Society

WWW.Ceramics.org
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Commemorative edition

NATIONAL
DAY @ GLASS

A celebration following the United Nations’ proclamation
of 2022 as the International Year of Glass for the
most transformative material that has done so much
to enhance comforts of human living over the several
millennia, for the pioneering spirit of people who con-
tributed towards it and for continuing efforts towards
sustainability of generations to come. Convened by The
American Ceramic Society, the conference featured

NATIONAL
DAY @ GLASS

April 5-7, 2022 | Washington DC
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Besides teaching and research in glass, there were two
items | introduced as professor at Alfred University

The Faculty of Engineering will accept at least two
credits in Performing Arts

All engineering students will have a “capstone” course
involving business basics and team participation

e
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The Take-Away

Glass is beautiful

Many glass products have made our living comfortable
Glass education may be challenging but quite exciting
Glass profession is extremely satisfying. Life can be fun!
Be a volunteer in professional societies

We can all work together and use glass to make our T —
precious planet sustainable for generations to come (ﬂ:; GLA))
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