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Pliny the Elder recounted that it all began on a beach, in a natron merchants camp
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Transparent and hard glass beads appeared

Glass was born..... NCENATIONAL YEAR OF
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From Egypt to Babylonia
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Glass blowing was invented in Tire/Sidon S Il b.C
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Glass industry is born in Rome ....
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And the expansion to the whole Roman Empire
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Augusta Emerita, 25 a.C.
Glass industry with Adriano
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Reaching the heights of glass art

Bowl S.1 b.C

Augusto Sl a.C

Portland vase
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Licurgo vase S. IV a.C
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Moving forward, techniques advanced
from blown glass...
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To flat glass ....
from the splendour of Gothic ...
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To Mies Van der Rohe glass house ...

... to carbon neutral glass skyscrapers of
transparent and sustainable cities MCEMNATIONAL V243 OF
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Clean energies towards
sustainability
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Glasses for health and
well-being
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Internet transforms Communications triggering GLOBALIZATION processes




These are the arguments to justify we are entering in the

AGE OF GLASS

Conceptualization of the UN International Year of Glass 2022
David Pye and Manoj Choudhary presented the proposal to ICG in 2018

D 1CcG
_54 Accepted the challenge

International Commission on Glass

Spanish ambassador at UN, Agustin Santos accepted to lead the YOG
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The international journal of science / 4 November 2021

nature

Glassisthe hidden
geminacarbon-
neutral future
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Glass = Sustainability
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The history of optical glass

Rome: Nero watched the circus shows using not a lens,
but a flat green mirror (emerald plate?), which would act
as sunglasses.

Arabs: Abbas Ibn Firnds, Andalusian scientist of the
Umayyad period. First optical calculations w/polished
lenses, Xl century a.C.

S Xlll: In 1249, the English philosopher-friar Roger Bacon
made the first report about the use of glasses to improve
vision.

SXIV: Alexander della Spina, Franciscan monk, began the

fabrication of corrective lenses, developed in Venice in
XI1-XIV

In 1451, the German Nicholas of Cusa proposed the use of First known painting showing a person

concave lenses, thinner in the center than at the edges, to wearing glasses, 1352. Fresco painted by

improve distance vision. Tomas de Modena in Treviso
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The history of optical glass

1604: Jansen (Holand) builds the first astronomical telescope
1609: Galileo makes the first diverging ocular telescope
Boosting manufacturing large lenses
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The history of optical glass
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The history of optical glass

S XVII Van Leeuwenhoek developed the microscope

Red blood cells

. - Amoebae
% NMTENATIONAL YEAS OF




The history of optical glass

Optica from Newton (1704): fundamentals of modern optics
Boosting the manufacture of lenses, mirrors and prisms

Low quality glasses: impurities, inhomogeneities, bubbles

Development of Chemistry + development of fusion technologies

Kunckel (1689): Na, K, Ca, Sn, Pb, B, Si, P, As, O, S
(Cu, Au, Mn, Fe, Co)
Harcourt (1871): Li, Be, Mg, Cd, Al, Ti, Sb, V, Mo, W, U
(Ni, Cr)

Guinard (1803): mechanical stirring
Faraday (1830): fining in Pt crucibles

Harcourt (1844): melting in Pt, combustion w/o gases
Schott (1900): special refractary, fused silica
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The history of optical glass

Guinard: starts the optical glass industry
Fraunhoffer: refracting telescopes and microscopes

Biology: optics development engine

Jena 1860: C. Zeiss (optical instruments ) + E. Abbe (physicist)
physical and geometrical optics

“The future of the microscope and its optical quality
is in the hands of glassmakers”

1876 Otto Schott (chemist and glassmaker): varying compositions,
properties vs. compositions, melting technologies.

1884 Jenaer Glaswerk Schott und Genossen (catalog of 76 glass compositions)
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The history of optical glass

Physics + Chemistry + technology: first high-tech materials

Science and technology of materials is born

Optics: engine for development of glass science and technology

Glass Industry Profile
Information Technology E -----------------------
and Communications /" QN ] fhdd 1.70M
| ji4 149000 | fhhg  cmoloress
: employees | 1
2,350 ¥ Maat :
High Performance companies ¢ EEEEEN ?;.1.223
¢ B
Glass and $71.7B ¢+ | — —
Glass Products valeof (R
i jpments | —
Manufacturing shipmen o $1.01T
90.8% | value of
small & medium 1 businessdone |
enter| [ E :
y 97.2% | 215
--------------------------------- > small & medium 1
E enterprises

& o
od‘U.i'e Proda ct\'f\d‘“g“\

Source: U.S. Census Bureau 2012, Annual Survey of Monufacturers

Global Glass Advanced Market 2015-2026

iy h

2015 2015 20020 2021 22022 22023 2024 2005 A%

n Sdfety & Security » Optics & Lightning  w High Paxfamance

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

» Solar Cantrol

54,338

W Morth America W Europe W Asa Pacific Latin America W Midde East & Africa

iMEANATIONAL YEAS OF

n )



Trends in the development of new glasses

COMPOSITION

PROCESSING

PROCESS TECHNOLOGY

SURFACE MODIFICATION PROCESSES

NEW MATERIAL
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Trends in the development of new glasses

New compositions

New processes

Coatings and surface
treatments

—>

chalcogenides

fluorides

phosphates /fluorophosphates
metallic glasses

Fibering

CVD, Sol-gel
Critical cooling
Glass-ceramics

Reflective/antireflective

Mechanical/chemical/corrosion protection

Electrooptical/electronic /photonic
Photocatalytic/bactericide
Multifunctional properties
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First laser glass
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Optical fibres

* Transport of light flexible shafts and large angles
* Changing profile image

* Active and passive guides

* Discrete waveguide modes

* Telecommunications

Pérdida luz

n,>n,

Total Internal Reflection : sen B =n,/n;

A.N. =n, senll = (n22 - nlz)yz
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Optical fibres innovations

Fibre + laser: Scalpels 1 pm?
Non-invasive microsurgical

Coupled CCD systems
Fibre + semiconductor
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Transparent Glass-ceramics

1968 SCHOTT ZERODURE®: glass-ceramic introduces a new era of telescope mirror
substrates for astronomy
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Spacial telescope James Webb (JWST) iNTERNATIONAL YEAR OF
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From Galileo telescope to the James Webb
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On February 17, 1600, Giordano Bruno burned on a pyre in the heart of Rome, accused of being a heretic by the
Inquisition. Among his sins was having proclaimed that the universe is infinite and is populated by infinite stars that
are like the Sun, with worlds inhabited by animals and intelligent beings.

This Platonic vision of an infinite, static and immutable universe persisted for four hundred years. At the beginning
of the 20th century, Einstein presented his theory of general relativity, which gave the universe stability against its
self-gravity. When the idea that the universe is expanding is added, we arrive at the cosmological theory accepted
by the academy: the Big Bang.

To predict the future of the universe, it is necessary to know its origin by obtaining better and better photographs of
the deep sky. The race had begun.
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Ultra Hubble Deep Field 2021.
HUDF is the result of combining hundreds of images taken with the Wide

Field Camera 3 (WFC3) of the HST during over 230 hours of observation

: _ ta which, in 2012, yielded the deepest image of the Universe taken until then.

William Herschel Deep Field (La Palma), 2020 The current |ma'ge, the deepest in 2021, was obtained through new
processing techiques iNTEINATONAL YEAR OF

12 months observations from 3 telescopes
GLA))
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The galaxy cluster SMACS
J0723.3-7327, known as SMACS
J0723 for short, is among a set of
galaxy clusters that James Webb
is imaging for various
gravitational-lensing surveys.

SMACS J0723 is at 4600 millions
years ago.

11™ July 2022
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James Webb vs Hubble space telescopes

6.5 METER DIAMETER
GOLD-COATED
BERYLLIUM REFLECTOR

24-METER (79FT)
MIRROR IN DIAMETER

HUBBLE PRIMARY MIRROR JAMES WEBB SPACE TELESCOPE PRIMARY MIRROR
(LAUNCHED IN 1990) (LAUNCHING IN DECEMBER 2021)

DIAMETER - 24 M (7.9FT) DIAMETER - 6.5 M (21 FT)
FOCALLENGTH -57.6 M (189 FT) FOCAL LENGTH - 131.4 M (431 FT) CENATONAL VEAR OF

COLLECTING AREA -4.525M2 (48,7 5Q FT] COLLECTING AREA - 254 M2 [2?'3 SQFT) c
LA
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The GLASS-z13 galaxy
photographed by the James
Webb NASA, ESA, CSA and STSCI.

This red dot is 13.500 million
years old and is the oldest galaxy
ever observed.
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WELCOME TO TRANSPARENCY

H'Flnﬂl'lﬂl.zﬂ.

cLay)



WELCOME TO SUSTAINABILITY
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WELCOME TO THE AGE OF GLASS

H'Flnﬂl'lﬂl.zﬂ.

cLay)




