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Por que Silicas?

8 Cristalinidade
— O eElligels & rlle-erseli GldiEs):

SPAIRLIOPIE

— Quartzo, cristobalita, tridimita, estishovita,
coesita



Diagrama de Ease Unario
Silica

fundlda (L . O encarte |nser|do no graﬁco uma expansao do dlagrama com as regioes de
estabilidade termodinamca da cristobalita e da tridimita.
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PHYSICAL REVIEW E 70, 061507 (2004)
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a-Quartzo (

Habito cristalino

Grupo espacial Trigonal direcao [001] Direcao [100]
P3,21

<Si-O-Si = 146,79
-

N — 0]

U 9 \J 7 !
V= 113,131



B=qUartzo

Beta-quartzo

Grupos Espacials Hexagonais



http://www.galleries.com/minerals/gemstone/rock_cry/roc-26.jpg

Formas Enantiomorficaside Quartzo
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A Silica sob) Pressao
Elasticidade do Quartzo

® \/ariacao dos parametros de rede em

[UINGa0) dal PreSsa0.

Table 5. Unit-cell parameters of quartz at pressure

i ffﬁ]l ¢ (A)

4.916 (1)* 5.4054(4)
4.8362(5) 5.3439(4)
4.785 (3) 2307 (2)
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Elasticidade do Quartzo

PRESSURE (kbar)
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Elasticidade do Quartzo

PRESSURE (kbaor)

[ ] A [ i e 1
I;:.IIE 134 136 138 140 42 144

S5i-0-5t ANGLE (deg)

Fig. 5. The pressure dependence of the flexible Si-0-Si angle.
The curvature of the data indicates a tapering off of the change in
this angle as pressure is increased.



o-cristobalita

d (Si-0) = 1,6034 A
d (Si-0-Si) = 3,070 A

cristobalita <0-Si-0=108-1099°

V=171,104




Transformacao de Fase

£ ]
Silica
° L 0 Passagem de a—f
QUantzeN(c=>[3) ' S75°€C envolve rotacdes de
870°C ligacoes, portanto €
reversivel.

sliFdimita (OL—)B) INIO=1E02E Passagem do quartzo

14700C para cristobalita ou
tridimita envolve
quebras de ligacoes
: : siloxano, Si-O-Si,
SAEHIStepalIGE (OL—)ﬁ) 211,69€ portanto envolve
grandes quantidades
de energia e é pouco

D) Fusa'o (1710 OC) reversivel.

UPRF



Transicao de Fase
Silicas

vapor pressure

1713C

glass phase B-cristobalite
1470C
Z . 2
» stobalite B:- tridymite
7 870°C
A
a-tridymite =
e s73¢ P quartz
a-quartz
temperature

Fig. 2.32 Vapor pressure versus temperature diagram of SiO, polymorphs



A lligacao Siloxano
Si-O-Si

O angulo Z pode variar entre 135 e 1800 fazendo desta
ligacao uma das mais flexiveis reportadas até hoje!!!




Ligacao Siloxano

Z= 1800




Polimorfos dal Silica

J

O

I J

Quebra de ligacao Si-O-Si para rotagao do tetraedro superior U

cristobalita

tridimita




Difratograma de Raies-X
o-QUartze

Intensity

L

0.0
| |
10.0 20,0 30.0 40.0 20.0

2 theta
Wavelength: 1.54056 24,675, 10244 hk,1=1,0,1



Diffracao de raios-X
o-Cristebalita

Intensity

Wavelength: 1.54056 20.235, 10415 h, k,1=1,0, 1



Defeitos no Quartzo

o Defeites dortipo E: LLactinas de O (Modelo
Semi-empirico)

Lacuna de 0%



Datacao e Defeitos no Quartzo

Banda de conducao

Banda de valéncia



Datacao de Artefatos
Cultura Mesolitica,Caverna Blombos, Africa

SOUTH AFRICA

S L

Cavernas de Blombos

INDIAN
OCEAN

Artefato mais antigo fabricado
pelo Homo Sapiens moderno ja
descoberto (70+5 x103 anos

atras)
C. S. Henshilwood et al, Science, 295 (2002), 1278
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Desenhando na Superficie da Silica
Sililacao. da Silica
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2°Si MAS/NMR

Distincao: de Formas de; Quimissercao

Silicon chemical
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Aplicacao da Sililacao do Quartzo
Nanoeestrutlrade: para BIoChIPS
o Usandode Litegrafia serdesennam Nanoeestrutlras

[T

0, RIE CF, RIE

(a) (c)
cleaning
2 /\/\/\
= A - pa
L AL
an" Bt '
h’ d r

§ = DNA de fita Unica marcado com sonda fluorescente

RIE = Corrosao (etching) Induzida por Plasma Reativo Colunas de
Quartzo com
M.-K.Oh, et, Biosensors and Bioelectronics 26 (2011) 2085-2089 180nm de altura




Silica Cristalina vs Nao-Cristalina
EStrutura: Projecao 2D

Silica Cristalina Silica Nao-Cristalina




Silica Nao-Cristalina
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Silica Nao-Cristalina

o Silical Gell (Xerogel)
= Sintese em) sellUcaoVial Processe) Sol-gel

8)Silicar AerosiiNGumed Siica)
= SINESENIa oXIdacaerde SIClnaichamea
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Estudando a Ordem-Desordem
Diffracao de Neutrons

s \eutrons- partictlas nucleares liberadas
EMm| Precessos del Eissao nuclear de
ISetopoes eEmrReEatorES INUCIEarES:

S EnNerdiarderatesiMeviermuiueraltarpara tiso
Pliabico) POltaNto) EIESISa0 dESaCElErados:



https://simple.m.wikipedia.org/wiki/Isotope
https://creativecommons.org/licenses/by-sa/3.0/
https://phys.libretexts.org/TextMaps/General_Physics_TextMaps/Map:_University_Physics_(OpenStax)/Map:_University_Physics_III_(OpenStax)/10:__Nuclear_Physics/10.5:_Fission
https://creativecommons.org/licenses/by-nc-sa/3.0/

Principio da Dualidade

LLouis De Broglie

Relativity
rest .
4 mass=
SSl0E _/ pc’+ mﬂzc Momentum of _
Kinetic  Rest mass a photon The de Broglie
energy  energy p=E Hypothesis

term term -

E dj I‘ar o
photon
Wavelangth

ene
Photoelectric E=hf = hc Cﬂ relatri%!i:-u
effect Y

Esta Foto de Autor Desconhecido esta licenciado em CC BY-SA



https://physics.stackexchange.com/questions/358055/qft-range-of-collision
https://creativecommons.org/licenses/by-sa/3.0/

Energia e Comprimento de

Onda dos Neutrons

— hot neutrons:

* moderated at 2000°C e S
« 0.1-0.5eV, 0.3-1 A, 10 000 m/s e

— thermal neutrons:

* moderated at 40°C |
« 0.01-0.1 eV, 1-4 A, 2000 m/s : ; | —

Fig. 2.06. Spectral distribuwtion of moderated neutrons from o puclenr rescton A

— CO |d n e u tron S: rarrow hand of wavebenpihs can be selected for diffraction experiments,

* moderated at -250°C
« 0-0.01 eV, 0-30 A, 200 m/s




Difracao de Neutrons

Aparato Experlmental para Dif. Netutrons

— ‘ Lei de Bragg continua valida
HH im,“h%m [l - O ‘ ni= 2d seno

Esta Foto de Autor Desconhecido esta licenciado em
CC BY-SA


https://en.wikipedia.org/wiki/Inelastic_neutron_scattering
https://creativecommons.org/licenses/by-sa/3.0/
http://electrons.wikidot.com/x-ray-diffraction-and-bragg-s-law
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/Bragg's_law
https://creativecommons.org/licenses/by-sa/3.0/

Fator de Espalhamento Atomico
Raios X vs Neutrons




Ordem a Curta Distancia
Silica Vitrea
Difracao; de Neutrons

0 40 80 120 160 200 o > Y N T T T
Q (kH r (R)
Figure 8. Normalized diffraction pattern Figure 9. Total radial distribution function
of synthetic vitreous silica. of synthetic vitreous silica.

E Lorch 1969 J. Phys. C: Solid State Phys. 2 229



Estrutura Fractal da Silica Gel
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Silica Nao-Cristalina

=

N Extremamente leve
% " d=0,03-0,35g.cm?
. Emily Norvell
Purdue University

H

1
TR

TasLE 2: Typical properties of silica aerogels.

i1t
|

i

Property Value

SHY 1
| )

1

i

!

== Apparent density 0.03-0.35 g/cm?
% 0:_- Internal surface area 600-1000 m?/g
% solids 0.13—-15%
n=1.0149 (0.057 g/em’) n=1.0026 (0.010 g/cm°) Mean pore diameter ~20 nm
—— Primary particle diameter 2-5nm
Coctiont o ot
Coefficient of thermal expansion 2.0-4.0x 107"
Dielectric constant ~1.1

Sound velocity 100 m/s




Ease Estacionarial Cromatografica

S|I|ca Aerogel preparada a partir de Silical de Casca de Arroz
: &y Cromatografla de Camada Delgada (TLC)

extracao

»
»

CF,CO0/MeOH

Orquidea
Cattleya bowringiana

fSoIvent =

Inicio

CR1 CR2 CR3 CR4



Silica Aerogel/Larnita
Absorcao de €O,

8 (€a,5S10,/SI05(aeregel)

Ca;5i04 4+ 2C0; — CaC0s3(calc.) + CaCO5(vat.) + Si0;




Silica Biogénica ou Opala

8 Silica nao-cristalinal (@morfia) produzida
PO SERESVIVOS:

- 7 =
Fitolitos

& = '}j,"—

N 2 . 3 AT PV
. -~ T 84N ,,ffA. A > / ?:;5 : % Esta Foto de Autor
Diatomaceas & A W e 53 P Desconhecidiests
4 ‘\5\ 1L 4 Loy

PN @, .U i o
Radiolarias EXER 0 b S ;
A"

Esponjas

Silica Bogénica



http://en.wikipedia.org/wiki/File:Diatoms_through_the_microscope.jpg
https://creativecommons.org/licenses/by-sa/3.0/
http://www.whatsthatfish.com/fish/black-ball-sponge/1517
https://creativecommons.org/licenses/by-nc-sa/3.0/

Umi exemplorde Silicas' Biogenicas (Bsi)
Morfiologias de Silicas Biogenicas encontradas nos Rios
Pahang, Endau e Pontiang na Malasia

Elongate
Globular echinate
Elongate echinate
Globular
Cuneiform
Saddle
Cylindric sulcate tracheid
Ovate . g 6.80
Bilobate short cell . 1.29
Lanceolate 227
Rondel - 0.65
Cylindrical polylobate - - - 0.32 -
Sum of phytolith 96.5 96.8 . 95.1 23.8 12.8
Centricae - - - - - 032  459(35.9)" 42.8(28.9"
Pennatae 2.81(0.65)° 3.20(1.87)° 7.17(2.61)" 3.62(0.33)° 175  4.21(1.62)° 22.8(11.3)" 36.5(16.7)"
Sum of phytoplankton 2.81 3.20 717 3.62 1.75 4.53 68.8 79.3
0.65 - - 033 - 0.32 7.50 7.89

Phytolith

Bacillariophyceae

Sponge spicules

* represents for the contribution of diatom fractions to the whole biogenic silica.

Chinese Journal of Oceanology and Limnology

ZANG et al.: Contribution of phytolith to BSi in tropical rivers vel- 34 No. 5, P. 1076-1084, 2016



v T '

- b [
Energy (keV)

Fie 4 SEM imace and EDS snectral analvsis of nhvtolith

Chinese Joumnal of Ocecanology and Limnology
Vol. 34 Ko. 5, F 1076-1084, 2016



Fig.2 Microscopic observation of phytolith BSi particles in the Pahang, Pontian and Endau Rivers

a. clongate; b, cylindric sulcate tracheid; ¢. globular, d. cunciform; ¢. clongate echinate, 1. lanceolate; g. globular echimate; h. cylindrical polylobate; i, saddle;
J- bilobate short cell; k. randel; L. ovate. 2, ¢, and f show weathering features. Scale=20 pm.

Chinese Journal of Oceanology and Limnology
Vol. 34 No. 5, P. 1076-1084, 2016




Silica em Cinza de Bagaco de

Cana-de-Acucar

DAPALHA A TOMADA . Cinza de Bagago parcialmente queimado

ria
S|

e WS
=

QUEIMA DO BAGACO
GERA ENERGIA PARA
USAR EVENDER

Sio2'- s‘ .
’ fundi'dq

produgdo
deetanol | =

Esta Foto de Autor Desconhecido esta licenciado em CC BY

Q Q = Quartz
G CAS= Calcium Aluminate Silicate
20000
g ]
o
J
|M: ]9
Q
] CAS Q q Q
Q Q
2 1 Q 1 Q
\_,)J——.J&L.._.__ R T R I L
328 K k 7 16 15 14

WLIMR ALY T LU e
PRARE AN A R T s 328 26 | 2423 22 21 2 18 18 1

d (Coupled 2Theta/Theta) WL=1.78897

E. Arif et al / Construction and Building Materials 128 (2016) 287-297


http://metanoverde.blogspot.com/2013/02/geracao-de-energia-com-bagaco-de-cana.html
https://creativecommons.org/licenses/by/3.0/

Fitolito cilindrico Fitdlito de cana

do bagaco de cana

Fitolito
Fitolito parcialmente Fundido e globular

fundido

Heliyon 3 (2017) e00294. doi: 10.1016/j.heliyon.2017. e00294 |pe——"
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fI

Fontes de Silica

0085 20KV %808 10vn HD39

Biol Fertil Soils (2006} 42: 231-240

200 nm

R.R Zaky et al / Powder Technology IS5 (2008) 31-35

Ry O

AccV  Spot Magn
15.0kV 4.0 50x
e -~

~

OBTAINING HIGH PURITY SILICA FROM RICE HULLS



Silica
Casca de Arroz e Seus Usos

Materiais para Construcgao (

Patente: BR200810757-A2 natural e nitrilica com

A. Nourbakhsha et al, Industrial silanos. Patente:
Crops and Products 33 (2011) JP2011068784-A
183-187



Producae Carbotermica de Siyatsnico
PO Meio da Cinza derPalha de Arrez

Esta Foto de Autor Desconhecido esta B 7. LY =L g R i : : .
licenciado em CC BY-SA N o nd AN 2 x R, 99.9997%

Esta Foto de Autor Desconhecido esta
licenciado em CC BY-SA

Table 2 Impurities in RHA during the various process steps of Path 1 ("—" not detectable)

Impurity (ppmw) Al Cr Cu Fe i Mg Ni

340 4.8 350 750

140 1.2 240 210

64 0.5 45 32
12 — — 14
1 = = 2

“Note that many of these impurities are eliminated during EAF operation. ” Boiling water wash.

SiO,+C—-Si+CO,

Green Chem., 2015, 17, 3931



https://en.wikipedia.org/wiki/Rice_hulls
https://creativecommons.org/licenses/by-sa/3.0/
http://www.appropedia.org/Rice_hulls_in_construction
https://creativecommons.org/licenses/by-sa/3.0/
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Silica Biogenica : Esponjas

\\;'.‘ S \/ LA Spicule
Silicatéine
T o i
Sais. 5 o . ) S Filament axial
R o . ?,g : d { < ' Dépot de silice (catalyse)
o <‘ o N %l B s / 2 & Regroupement de
Pl (RS g y : molécules
, : ..'\. . .\.o.)_‘.. i. ,"‘_< !
Esta Foto de Autor Desconhecido esta licenciado Polymérisation
em CC BY-SA

Esta Foto de Autor Desconhecido esta licenciado em CC BY-NC-ND



https://en.wikipedia.org/wiki/Suberites_domuncula
https://creativecommons.org/licenses/by-sa/3.0/
http://lemondeetnous.cafe-sciences.org/2015/12/lumiere-et-verre-partie-ii/
https://creativecommons.org/licenses/by-nc-nd/3.0/

Silicateina
Sitior Ativo




Espiculas de Esponjas

Silicatein-o \‘-
%90
8 ’ > ‘* lllntaphln- Nanofibrils
j Axial filaments
Maturation
-t

Nanofibrils Intra- and extracellular
formation biosilica deposition

Figure 8. Scheme outlining the genetic hierarchy of gene expression
during which sequentially silicatein-a and -f are expressed, followed by
the synthesis of silintaphin-1. These two protein species (silicateins and
silintaphin-1) form the initial nanofibrils that allow the synthesis and dep-
osition of the biosilica material around them. During the subsequent ma-
turation of the growing spicules, additional genes are expressed that
encode for silintaphin-2, galectin, and aquaporin. Figure 8 is partially
modified from reference [76], with permission.



Utilizandor as Espiculas

Table 3
Maximum tensile strength and apparent porosity percentage.

Sample Additive Max.load Max. tensile % Apparent
(kgf) strength (MPa)  porosity
50.60 3.18 23.568
66.88 3.40 22.699
66.34 4.40 22.964
3.66 +0.65 23.07+ 0.4

Mollusc shell 65.45 534 19.780
69.35 5.94 19.530
97.52 7.31 19.810

6.30 +1.17 19.70 £0.15

sponge spicule  129.80 1.73 25.909
140.83 9.80 24.434
10.77+ 136 25.17+ 1.04
93,68 6.48 24.880
97.78 8.56 24.963
7.52+1.47 24.92 + 0.06

* 1 =spicules were placed perpendicularly to the direction of the applied load.
b //= spicules were placed parallel to the direction of the applied load.

Journal of Archaeological Science, 37, 9, 2010, 2179-2187

Efeito guia de onda (fibra 6tica)
da espicula gigante

Chem. Eur. J. 2013, 19, 57905804



Carga Liguida Superficiall e Equilibrio) Acido-Base de
Bronsted-LLowry ha Superficie da SiO;

(a) bare surface (b) hydroxylated

Xiaoge Gregory Zhang, Electrochemistry of Silicon and Its Oxides, p. 152-153



Superficie da Silica

(¢) adsorbed molecular water (d) wet surf
wet surface



Equilibrio Acido-Base na Superficie
Modelordal [iripla Dupla Camada
Eletrica

O_sion,c1 + O=siony + Osion + Ousiong: + Osio- = 1




Respectivos potenciais interfaciai

Respectivas densidades de Carga

Na*
CI-

- ClI

o  Si—O ----Na* |
2 . i 3 Na*
g Sl_c? H | Nar
.-— t . 1 + |t )
8 N ('? P?a E Cl Bulk solution
= Si—OH | i Na*
v Si—OH" | Cl o
A Si—OH | |
Si—Q --—Na* Na*
Si—OH |
| C, | C, C, e C,s80 capacitéPcias
o B d Ci = AO'i(ALIJi)_

Immobile l diffusion layer
layer



Potencial Superficial, Potencial
ZEla

~ Electrical double layer
Diffuse

Distance from particle surface



Zeta PotentialxpH

—a— Quartz#500
—e— Cristobalite#500
—&— Re-Milled Cristobalite#500

\Ep. Potencial Isoelétrico

o = 0, densidade de carga




Importancia dor Potencial Zeta (0)

Aglomeracao Maxima, 0até3
Precipitacao

Forte Aglomeracao e -5 até 5

Precipitacao

Valor Limite para iniciar -10 até -15
Aglomeracao

Valor Limite para obter uma -16 até -30
dispersao

Moderada Estabilidade -31 até -40

Estabilidade Razoavelmente -41 até -60
Boa

Muito boa estabilidade -61 até -80
-81 até -100

Excepcional Estabilidade

Thomas M. Riddick, Control of Colloid Stability through Zeta Potential, Zeta—Meter, Inc. , 1968



Potenciall Zeta e Estabilidade Coloidal

Alto Potencial C Baixo
Alta Dispersdo Fracamente Fortemente
agregado Agregado

Viscosidade

Tensao de Ruptura




Grupos Superficiais na Superficie da Silica Responsaveis pelas Cargas Superficiais
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Adsorcao de Polimeros para Estabilizacao de
Suspensao; Coloidallde Silica
QUuitesana

Ll a0, | By | B 'I..J_

STABILIZATION

ELECTROSTERIC chitosa

STAB L ZATION
L | STABILITY chains

ADDITION OF CHITOSAN I
= ZETA POTENTIAL

INCREASE OF THE SILICA ,A.Eg‘:lf(lzsgsto
SUSPENSION STABILITY

S — || — e

PLATINUM

ELECPHORETIC ELECTRODES

Este mecanismo de estabilizacao é chamado de estabilizacao estérica.
Leitura recomendada: https://www.maxwell.vrac.puc-rio.br/11608/11608_5.PDF



Solubilidade da Silica
Amorfa em Agua
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Faure, G. Inorganic Geochemistry, p.246



K em funcao da Temperatura
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Corroesao (Etching) SiO;
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Xiaoge Gregory Zhang, Elecrochemistry of Silicon and Its Oxides. p. 142-165



Corrosao em funcao da
Estrutura no Estadoe Solido

0.1 M NaOH vitreous
25 °C silica
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MecaniSmo: Proposto
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Corrosao em Meio Basico

Si0, + 2H,0 — Si0,-2H,0

SiOg'ZHgO & 20H— e SI(OH)6_




Solucao de Eluoreto

Diagrama de Distribuicao de Espécies para Ions fluoretc

Journal of Fluorine Chemistry, 24 (1984), 175-190

Journal of The Electrochemical Society, 156 (12) C428-C434 (2009)

P. Luxenberg and 1. . Kim, Z Phyvs. Chem., Newe Folge, 121, 173 {1980).



Solucao de Eluoreto

Diagrama Completo de Distribuicao de Espécies para o Fluoreto

A. Mitra, J.D. Rimstidt. Geochimica et Cosmochimica Acta 73 (2009) 7045-7059




Corrosao ha Presenca de
Fluoreto

8102 T 61'11:" —_ SiFﬁ" + 2H20
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Corrosao por Eluoreto




Corrosao do Quartzo na
Presenca de Fluoreto

.........................

Fig. 4. (a) Activity diagram showing the distribution of aqueous silica species for a fixed total fluoride concentration (7¢) of 0.0l m as a
function of pH and log ar-; calculated using Geochemist’s Workbench. (b) Species distribution diagram for an ionic strength of 1.0 contoured
in the activity SiFs>~ in equilibrium with quartz calculated using Visual MINTEQ. The tic mark on the right axis indicates the solubility of
quartz in pure water.

A. Mitra, J.D. Rimstidt. Geochimica et Cosmochimica Acta 73 (2009) 7045-7059



Aplicandor a Corresao Controlada (Eicling)
Construcao via kotolitografia de umi Transistor dei Efeito de Campo
Metal-Oxide-Semicondutor
(TECMOS oul MOSEEN)

Si-substrate

Hardened resist
Si%
(a) Silicon base material Si-substrate
Gate Photoresist

Source si
OXi d e 02 (d) After development and etching of resist,
i chemical or plasma etch of Si0
\ Si-substrate 2
i - |
I {b) After oxidation and deposition Hardened resist
of negative photoresist 5'02
Si-substrate
WL By
Patt d

; (e} After etching
optical mask

—
1 11X}

Esta Foto de Autor Desconhecido esta licenciado em CC BY-SA )
Si-substrate Si-substrate

a-Exposed resist

(€) Stepper exposure (f) Final result after removal of resist

Litografia = processo de transferéncia de um padrao de uma mascara do circuito projetado
(Foto)Resiste (photoresist) = polimero fotossensivel (ao UV de vacuo A<190nm) usado para proteger de ataque corrosivo

Etching = corrosao controlada de um material usando agentes quimicos ou plasma reativo

http://bwrcs.eecs.berkeley.edu/Classes/icdesign/ee141_s02/Lectures/Lecture5-Manufacturing.pdf


https://electronics.stackexchange.com/questions/308879/bulk-to-source-pn-junction
https://creativecommons.org/licenses/by-sa/3.0/

Construido Microdispositivos Baseado em
Corrosao Controlada com Plasma de XeF, vs F,

1BkU = = X5 S0@pmi - 24/ARRZB3 X586 500 mm 24/AFPR/83

e
-

~

— TR, QRS GRS NP R
A - A =

iaku X288 188xm 24 /APR/B3
18kU XZB8 188mm Z4 /APR/B3

Menor rugosidade e melhor
J. Micromech. Microeng. 17 (2007) 384-392 perﬁl das bordas.




Eillosilicatos

Fsta Foto de Autor Desconhecido esta licenciado em CC BY-SA



http://www.hamichlol.org.il/%D7%A1%D7%99%D7%9C%D7%99%D7%A7%D7%98
https://creativecommons.org/licenses/by-sa/3.0/

Eillosilicatos

Estrutura basica de anéis de seis silicatos interconectados que se reproduz
infinitamente. Trés dos quatro ions O2? nos vertices dos tetraedros sao
compartilhados com outros tetraedros levando a unidade basica estrutural f
Si,O:2 A maioria dos filosilicatos contém um grupo hidréxido no centro do
hexagono como mostra a figura da direita. Assim, a unidade basica passa a

ser Si,Os(OH)3
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https://www.tulane.edu/~sanelson/eens21
1/phyllosilicates.htm



Ellosilicatos
Camada Octaedrica

* Os outros cations na estrutura estao ligados as placas de
SiO, compartilhando O% apicais e o OH- apresentando
numero de coordenagao 6 com geometria
octaédrica. Estes cations, geralmente, sao o Fet2, Mg+?,
ou Al+3,

Mg*Z Fe*2 or AI*3

After Klein & Rurbut (1993)




Tlipos de Eiloesilicatos
Classificacan segundor o numerorde: Sitios
Intersticials' Octaedricos Ocupados

: - Camada Octaédrica Cations Trivaelntes
diocatedricos _ o
Tipo Gibbsita Al+3 ou Fet3
_ - Camada Octaédrica Cations Divalentes
trioctaedrico _ _
Tipo Brucita Mg*2 ou Fe*?

" Filosilicatos




MonoEilosilicatos
Aluminosilicates (OT)

Gj+4 ' ,'/(*' ,
Represntagdo do v
filosilicato da
classe das
Serpentinas do
tipo trioctaédrico
chamdo de
Lizardita,
Mg5Si,05(0H)s e -

https://www.cefns.nau.edu/geology/naml/Meteorite/Book-GlossaryS.html



Eillosilicatos

‘ Talco

@) :

"E; Micas
= " Agiles
— rqi

8 gilas
E Cloritas




Eillosilicatos

s Vionofiloesilicatos

Figure 7. Folding of tetrahedral layers in anhydrous
monophyllosilicates

A) Liy[Si;Ols; B) @-Nay[Si;Os]; C) B-Na,[SiOs]; D) San-
bornite, Ba[Si,05] (low-temperature modification)

Quanto menor o raio idnico do cation do metal alcalino, mais dobrada € a placa.




Jalco

Mg5S1,0,4(OH), ou £M9£6]{(0H)[Si 05132

rmﬂmmmm X

AANYATANCAVAVA'AYA

https://en.wikipedia.org/wiki/Talc



plano perpendicular ao eixo e
ao longo da direcao [001]




Jalco
Plano Basal
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van de Waals Bonds

BASAL PLANE




Ponto Isoeléetrico
Jalco
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Coagulacao e Ponto: Isoeletrico

New York Talc

High «— Surface Charge —» Zero

Wall "Weakly Extensively
Dispersed  Aggregated  Aggregated

EEEEENFTYEREE

Poor 4—— Stabillty ——» Good
Low «—— "“iscosity —» High
Mone #—— Yield Stress —— High

Elizaveta Burdukova, PhD Thesis, Faculty of Engineering and
Built Environment, University of Cape Town



Triboelegia : Talce

Water-saturated talc

e Y G ©300°C

=
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2
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2 mm axial displacement at
0.1 um/s (heated samples)

50 100
Effective normal stress, 6,

Tectonophysics, 449, 1-4, 2008, 120-132



Formacao
o Condicoes Hidrotermicas

ICaMg[COy]; + 4510, + H,0
Dolomite Quartz

Mg,[(OH),/5i,0,,] + 3Caco
Tale Calcite

}+3E{}1

Talc IN Ullman “s Encyclopaedia of Industrial Technology



EStruturas derivadas por:

substituicao Isomorfica

Minnesotaite: 2 (Fe?* Mg, H,),[(OH),/
(Si,AlLFe'*),0,,]

Willemsite: 2 (NI Mg),[(OH),/Si,0,,].




Compositos de Talco

Thermal, Rheological and Morphological Properties of Poly
(Lactic Acid) (PLA) and Talc Composites

imeros .24, n. . 276-282, 2(
Polimeros, vol. 24, n. 3, p. 276-282, 2014 — Sample E

Figure 8. Scanning Electron Microscope (SEM) Images of PLA samples fracture surfaces.



Mica

Micas sao filosilicatos nos quais as unidades estruturais consistem de uma
camada octaédrica (Os) entre duas camadas tetraedricas (Ts). Estes
conjuntos chamdados de lamela sao separados entre si por planos contend
cations interlamelares desidratados (I).

M.Rieder et al, Clays and Cloy Minerals, Vol. 46, No. 5, 586-595, 1998

A sequéncia € ..TsOsTsITSOSTsI...




DisposiGao das Camadas
Tetrédricas (Ts) nas Micas

02 apical

[(Si,Al)404,]

Figure 1. Illustration of a tetrahedral (Si, Al),O,, layer in
mica with apical oxygen atoms pointing upward [2]

Open circles indicate oxygen atoms, filled circles indicate
silicon (or aluminum) atoms.



\/isao lLateral da Celula Unitaria
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jo)

Formula Simplif
IM, L1, TO0 A,

M é geralmenteLi, Fe?* ou Fe3*, Mg2+ , Mn2+ ou Mn3+,
Zn2+, AR+, Cr3+, V, Ti+4

T pode ser Be, Al, B, Fe3+, Si+*

A pode ser C1, F, OH, O (oxi-micas), S

O Representa uma vacancia



Principails Tipos de Mica

Muscovita K Al,[ ] AlSi;0,,(OH),
Biotita
Flogopita KMg; AISi;0,, (OH),
Lepidolita
8 Zinwaldita
= .
Paragonita
Glauconita
T — Ca Al,t ] A1,Si, O (QFI-BI,&;I.ISTifaéeNa; M = A1, Li, [] > Lij;

Clintonita, xantofilita




Introducao
Estrutura da Mica Muscovita.

Si,Aland O
.Oand OH

¢ Formula Quimica - KA1,S13A10,,(OH.F),
# Composicio - 11.82 % K,0. 38.38 % Al,03. 45.23 % SiO5. 4.29 % H,0
¢ Cristalografia - Pseudo-hexagonal

N>



Introducao

Uso de Mica em Isolacao.

Propriedades

ita, Flogopita

Rigidez Dielétrica
Inicio Calcinacdo
Estabilidade Térmica
Condutividade Térmica

Constante Dielétrica
Fator de Dissipacéo (tan.
Delta)

Resisténcia a efeito Corona

KV/mm
°C
°C
Wim. K

|

60a 70 50

550 a 650 {750 a 900
500 00
0,25a0,70 Acimal.7
6as8 Hhab

3.10* [10a100"*
Passa Passa




VISAO ATUAL SISTEMA EPOXI

Monomero de Referéncia e Uso.

A estrutura acima

usada com :

a) Aminas ( Primaria e ou secundaria). Reacdo Espontanea de
dificil controle devido calor gerado.

b) Anidrido: Reacdo controlada com uso de catalisador e ou
aguecimento.




VISAO ATUAL SISTEMA EPOXI
Producao mundial de Sistemas Epoxi.

-Em 2013 35% de epodxi produzida no mundo foi usada para
aplicacao elétrica.

Global Epoxy Resin Market, 2015-2021 (Kilo tons) (USD Billion)

Volume (Kilo tons)
Revenue (USD Billion)

2015 2016 2017

B Volume ==—Revenue

Source: Zion Research Analysis 2016




VISAO ATUAL SISTEMAS EPOXI EM APLICACAO
ELETRICA

A) Condutor F) Protecéo a corona (condutivo)
B) Isolagédo do condutor G) Matenais de amarragao

C) Materias de consolidacdo da espira H) Resina de impregnacao

D) Isolacao principal (fita de mica 1) Matenais de preenchimento da
E) Fitas de acabamento e vedac&o ranhura

Figura com desenho esquematico com os materiais usados em sistema isolante. Fonte VonRoll
Isola. Technical Data Sheets, 2002.. 156



