Escola Politécnica
Universidade de Sao Paulo

Vidros — Aplicacoes Especiais — Sao Paulo, 14.abril.2011 — Samuel Toffoli




Historia
Formacao de um Vidro
Vidros Temperados e Laminados

Vidros Planos — Automobilistica
Vidros Planos — Arquitetura
Vidros Extra-Finos
Vitroceramicas
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O vidro é utilizado pelo homem ha
milhares de anos

Vidro Natural: Obsidianas (produto
de acao vulcanica)
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Natureza fornece:
Energia

Matérias-primas

Tecnologia de fusao
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Ha 4500 anos:

descoberta
acidental de como
fazer vidro

Fenicios?
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Liquido no equilibrio

Liquido metaestavel

Cristal

Temperatura T, T,
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Cristalino Vitreo
(Zachariasen, 1932)
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@ Silicon

Vidro sodo-calcico
(janelas, garrafas, potes, vidro automotivo, box de banheiro, pratos comuns, etc.)
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Em caso de ruptura, devem causar menos danos as
pessoas do que causaria o vidro recozido

TEMPERA

*Processo térmico: aguecimento uniforme seguido de
resfriamento rapido e homogéneo

— Resisténcia a impactos de 3 a 5 vezes maior
— Cacos arredondados e menos cortantes

— TensOes de compressao na superficie e de tragao no interior
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TEMPERA: Tensoes
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LAMINAMENTO

«Sanduiche: 2 folhas de vidro + 1 folha de PVB
PVB = poli(vinil butiral)
O conjunto “cola” em auto-clave (P e T)

*O conjunto apresenta otima capacidade de absorcao
de impactos ao fraturar-se

Vidro Vidro
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MODOS DE FRATURA

Recozido Laminado Temperado 16
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Grand Canyon Skyway
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Grand Canyon Skyway
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Grand Canyon Skyway
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- Sears Tower (atual Willis Tower), Chicago, lllinois,
EUA

 |Inaugurado em 1973, e desde entao a mais alta
estrutura dos Estados Unidos.

« Skydeck: 103°andar, 412 m de altura
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« Sears Tower (atual Willis Tower), Chicago, EUA




Willis Tower Skydeck
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W|II|s Tower Skydeck >
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Don’t Look Down

The new 103rd-floor observation booth at the Sears Tower, in Chicago, takes
aclvantage of new technology to use glass as a load-bearing element.

The glass observation bo
4.2 feet out of the bul

Supporting
sleel frame

: Glass box shown in
retractad position below

POLYMER FILM Al GLASS BOX RAILS AND BEARINGS MOTOR
TEMPERED Side view ' i
GLASS
SHEET
i —en - [ | |=am
......... HEATING
CABLES
INFLATABLE
3 GASKET
FASTEMER 4
H ; Gasket deflated
—_ 1 BUILDING EXTENDED RETRACTED MAINTENANCE
Laminated glass FACADE POSITION POSITION POSITION
STRUCTURAL GLASS FASTEMER SEAL MECHANISM
The floor, sides and ceiling of Glass elements are joined An inflatable gasket seals the glass box A gliding mechanism driven
the observation boxes are made together with stainless steel in place, Deflating the seal allows the by an electric motor allows
of three sheets of half-inch fasteners. Some joints have box to be moved in and out. Heating the four glass boxes to be snru- : Skicmore, -'-I'r\_nt-'-'-'f_?“
tempered glass bended a silicone layer to allow for cables pravent ice buildup and keep pulled inside the tower for B MTH Ickaatries

together with polymer film thermal expansion. the seal from freezing to the glass. cleaning and maintenance. MIKA CRONTANE, THE NEW VORK TIME
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Renault Zoe (Elétrico), 2012




Conforto térmico = controle da radiacao |V

Protecao anti UV = controle da radiacao UV
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RE > 5% RE > 25%

hergia

solar
100%

!

mmbE <45% &

et E < 25%

TE < 50%

Para-brisa Standard Para-brisa Reflecting (PET)

A energia solar é refletida por um filme metalico inserido no para-brisa

*Restricao: Vidros muito curvos e antena integrada
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nergia

solar
100%

RE > 5% RE > 5%

¢

e <45% -

ot E < 52%

TE < 50%

Para-brisa Standard Para-brisa Absorbing (SCF

A energia solar € absorvida por um PVB especial inserido no para-brisa
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Antenas e alarmes

Fio condutor em para-brisas Condutores serigrafados em temperados
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Anti-embacante

— Micro filamentos de tungsténio

aplicados sobre o PVB do para-brisa.

FILAMENTOS
/\( DE AQUECIMENTO

BARRAMENTO .
VIDRO

PVB —
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Para-brisa anti-embacante

Os filamentos sao aplicados em toda area visivel
do para-brisa, alcangando até mesmo as areas que
a ventilagcao forcada nao desembaca com rapidez.
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Coating que repele agua

Agua da chuva no vidro

NORMAL COM AQUACONTROL
20° - 40° 110°
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ses AQUACONTRC

Sem aplicacao
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Vidro auto-limpante

scc BIOCLEAN® &

Let nature do your dirty work !

scc BIOCLEAN* €&

Let nature do your dirty work !

1- photocatalytic action:

This films allows the broken-down dirt
particles and mineral dirt to be rinsed

clean away.

Ultra-violet rays present in daylight
trigger the decomposition of organic dirt
and cause the surface of the glass to
turn «hydrophilic».
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Vidro auto-limpante

Activ®
(Pilkington)




Vidro anti-reflexo
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Vidro opticamente ativo
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Vidrio Corte da pelicula
Pelicula LC

Butirales
intercalarios

Corte transversal
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Peliculas con
crist.liquidos

Capas
conductoras

Matriz polimera

Cristales liguidos




Pythagoras — PVGU (Photo-Voltaic Glass Unit)

=== Diffused Light

= Yisual Info

Patents = Heat Dissipation
Pending Optical System

PV Cell

Glass Panes
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Pythagoras — PVGU (Photo-Voltaic Glass Unit)
Pythagoras Solar (Israel, EUA e Taiwan)
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Folhas com até 50 um de espessura = flexiveis
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Témpera Quimica

empered for Strength
he process of tempering makes glass stronger by putting the surface into compression, so that more force is needed for cracks (o spread and grow.

hermal tempering Chemical tempering

A sheet of glass is heated and then cooled with air. The surface cools mare rapidly Glass is put info & hot bath of molten salt. A chemical reaction causes some

than the interior. As the interior coels gradually, it becomes more densea and shrinks, sodium atoms on the surface to be replaced with larger potassium atoms from the
pulling the less dense surface into compression. Thermal tempering works well for salt bath, The larger atoms overcrowd and compress a thin surface layer of the
flat sheets, although it can cause optical distortions 1o the glass because the sheet glass. Chemical tempering works best for curved or irreguiar glass, and for glass
sits on rollers while being heated where oplical qualities are impaortant,

— -
FAST-COOLING s_n._mm:E ? F@Or SLOW-COOLING CENTER ID , =F ai c};\:! ”sn{il'TTEN _ R
Atorns “freeze” intoa |4 @ Atoms have more time Enadhne
low-density formation, EOE a

to arrange themselves F_}L-O ;: | acase: || ' , ' _ on the surface,

m_tl:l a ccmpg-’:.t and i SURFACE | _ Iypically D a
higher-density layer. ] :j*a:p!.':] r:;.f fess
: H thaen 0.1 mm.

Compressive forces
Tensie forces : Tensile forcas
Comprassivi lorces | Comprassive forcas

Coross sechion L

Sowrce: David J. Grean, The Pannsylvamia State Linivers MIECA CRONIWHL THE NEW YORE TIMES
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Gorilla Glass (Corning)
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Vidros tratados termicamente para obter cristalizacao
controlada em seu interior
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