Aerogels.
Physical- chemical
properties and
technology



INTRODUCTION

* Nanostructured open pours
sohds.
* Made via sol-gel technology.

* Created by SAMUEL
STEPHENS KISTLER.

* Solid with lowest known density.

* Stands up to 2000 tumes greater

load than its own weight.



PROPERTIES

= [Low density , High porosity.

= [Large sound absorption , Low sound
velocity.

= Low thermal conductivity.

= Variable refractive index.

= Flexibility
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= Oxides

* Polymers

= Carbon

= Cellulose or Starch
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TYPES OF AEROGEL
v Silica
* Silica aerogel 1s the most common type of aerogel.
* The most extensively studied and used it.
* |tis silica-based and can be derived from silica gel.

* Silica aerogel held entries in GUINNESS WORLD RECORDS for material
. properties, including best insulator & lowest density solid. .

Y Carbon

*  Carbon aerogels are composed ol particles with sizes in the nanometre range,

covalently bonded together.
* They have very high porosity(over 50%, with diameter under100 nm).
*  Surface areas ranging between 400 to 1000 m?/g.




Cont..

Y Metal oxide

* Metal oxide aerogels are used as catalysts in various chemical reactions/
trans formation for other matenals,

* Aerogel made with alumimium oxide are known as alumina aerogels.

*  Alumina aerogels are also being considered by NASA for hypervelocity

* Organic polymers can be used to create aerogels

* SEAgel 1s made of agar.

Y Cellulose

" Cellulose from plants can be to create a flexible aerogel.
* Chalcogel 18 an aerogel made of chalcogens.




Contd....

= No reaction with metallic melts up to

950°C.
= Huge internal surface.
= Surface can be functionalized.
* Knudsen Effect.
= Fracture strength.

» Hardness




APPLICATIONS

» THERMAL INSULATION.




P Contd...
= Electronic components.
= Foundry technology.

= Architecture.

= Super light composites.
= Cosmetics.

= Pharmacy.




= Sports wear

= Space.




INDUSTRIAL APPLICATIONS

* [lluminating system

. ; ; __ TOPSIDES:
= [solation subsea pipelines " bime proTECTION
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HOME BUILDING AND
INSULATION CHALLENGES

* Energy savings.
* Regulation of indoor climate.

* Light-weight material.

= High fire protection.

« Natural construction materials. A solution

* No colonization by fungi. EIEI"GQEI concrete

* [Low cost materal.



 APPLICATIONS
Foundry applications

(RF aerogel as binder.),
Structural panel,
Aerogel wrap.




AEROSAND




AEROSANDS - PROPERTIES

= Easy core removal

= Thermal conductivity 0.3 - 2 W/Km
= High strength 100 to 600 N/cm?2

= Smooth surfaces

= No shrinkage

= No gas release during casting
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How Is mertal
aerogel
madece

Combustion
synthesis
Dealloying
Nanosmelting

htio:! fwww. .oerogd. org/wp-confent /uploods/ 2009103 fenonoloomprocuctiondan) .jog



SYNTHESIS OF AEROGEL

“SOL-GEL PROCESSING™ g el ol e
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* Mixing of chemicals
= Gelation

* Drying

* Final product




SYNTHESIS OF AEROGEL

*SOL-GEL PROCESSING” [

v Mixing of chemicals




Ti029 SiOz, A1203 -Typical aerogels

Chemical reaction- salt+acid — clusters

Na,Si0; + HCI(H,0) — §i0, + H,0
Specific surface S:% )

2
m
S changes within range  3¢10° —106E



If remove the water pressure be
increased that causes large stress in gel.
On that reason the water is replaced by

ethanol (alcohol)



Classification of materials

Materials )
_ e Composites: have two (or mone)
| : —_— solid components: usually one is a
Monolithic;  [Hybrids /rr e e st
i
Metals & Alloys) o Poe—— f e
= Sandwich structures: have a
] Ceramics & Glasses 3 muslerinl on the surfiace (one
_@L ' 1. | ot mote sides) of a core
| Polvmens (& Elsiomen) i -
":'E_" _""J E'f? altice® Structures: typically a
—-@ e pombination of material and space
e.g. metallic or ceramic forms,
. w — eropely etc. ).
—————— | Segment | 0
Segmented Structures: are Hiybrieh ame
divided in 1D, 2D or 3D e e SN
{nuty consist of one or mwﬂ.mm":,:,,
e alerials ).

Node: this wse of the word Tartice” should not be confised with the e of the word in comection with crvataliogrophy.



Common materials : with various ‘viewpoints’

: Graphite
Glass: amorphous ‘ _‘_
1

| Ceramics ‘
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Classes of property

Economic

Price and Avalability, Recyclability

General Physicl

Density

Modulus, Yield and Tensile swrength, Hardness,

Mechanical Fracture strength, Fatigue strength, Creep strength,
Damping

Thermal Thermal conductivity, Specific Heat

Electic & Mﬂgr}f‘:ic EE;ualwl_lj,_r. Dielectric  constant,  Magnetic
permeability

Envi I

: nwmn.mmt& (nadation, corrosion and wear

interactions

Production Ease of manufacturer, joining, finishing

Aesthetic {Appearanc&} |

Colour, Texture, Feel.




Biomaterials - materials,which are used in medicine
and dentistry that are intended to contact with living
tissue.

Artificial diamonds

Materials for sport

Materials for tomorrow

—--




* Ways for materials obtaining

. producing

. synthesis

Metallurgy, ion exchanger method, crystal
growth, sintering, casting, explosion method,
laser treatment, space metallurgy, nuclear

metallurgy, high temperature-high pressure
sintering etc.



Metallurgy is a science and technology of
materials, among which most are metals

® -Extractive metallurgy

Pyrometallurgy (blast furnace)

Powder metallurgy

Electrolysis processes

Ores: oxides, sulfides, phosfides
Fe,O, Cu,S
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Extractive metallurgy

Is the branch of memlhn?y that deals with ores as raw
material and metals as finished {)roducts, wherein process and
g

methods of extraction of metals from their natural mineral
deposits are studied. It 1s the practice of removing valuable

metals from an ore and refining the extracted raw metals into @
purer form.

The field of [errous and non-{ermus extractive metallurqy has
speclalties that are generically grouped into the categories of
mineral processing, hydrometallurgy, pyrometallurqy, and
elecnl"omemllurgy ased on the process adopted to extract the
metal
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d I mature minerals of interest exist physically and chemically
combined with the host rock. Removal of the unwanted gangue to

Increase the concentration of mineral in an economically viable
manner is the basis of mineral processing aperations,

d Extractive metalurgy starts with the extraction of metals from
Cheir natural mineral deposits in order to remove valuable metals from
an ore and refining the extracted raw metals into a purer form,

J In the field of extractive metallurgy, mineral processing, also

known as ore dressing, s the process of Separating commercially
valuable minerals from their ores.



Redox-oxidation reactions:

gas-solid, liquid-solid

Fe203+CO> Fe+Co2
Co2+C>CO

Cu2S04> Cu+So4

Cu20+Cu2S> Cu+S02.



Semiconductor technology

Identical integrated circuits, called die, are made on each wafer in a multi-step process. Each
step adds a new layer to the wafer or modifies the existing one. These layers form the ele-
ments of the individual electronic circuits.

The main steps for the fabrication of a die are summarized in the following table. Some of
them are repeated several times at different stages of the process. The order given here
doesn't reflect the real order of fabrication process.

This step shapes the different components. The principle is quite simple (see draw-
ing on next page). Resin is put down on the wafer which is then exposed to light
through a specific mask. The lighten part of the resin softens and is rinsed off with
solvents (developing step).

This operation removes a thin film material. There are two different methods: wet
Etching (using a liquid or soluble compound) or dry (using a gaseous compound like oxygen
or chlorine).

This step is used to introduce dopants inside the material or to grow a thin oxide
layer onto the wafer. Wafers are inserted into a high temperature furnace (up to
1200 ° C) and doping gazes penetrate the silicon or react with it to grow a silicon
oxide layer.

lonic It allows to introduce a dopant at a given depth into the material using a high energy
Implantation electron beam.

It allows the realization of electrical connections between the different cells of the
integrated circuit and the outside. Two different methods are used to deposit the
metal: evaporation or sputtering.

PhotoMasking

Diffusion

Metal
Deposition

2/15 Is73




Polymer technology

Polymer is a macro molecule formed by
the union of many small molecules.

= Depending upon the structure, a
polymer may be linear or branched.
Ex. - CH2 - CH2 - CH2--Si - 0 - Si -
Polyethylene | |
Linear EH2=S|—0:—Si—

Branched silicon resin.




POLYMERISATION:

It may be defined as the process of linking
or joining together small molecules like
monomers to make large molecules.

Basically there are 3 types of
polymerizations.

Additional polymerization or Chain

polymerization

Condensation polymerization or Step
polymerization

Copolymerization




Compounding of plastics:

Many plastics are virtually useless along but are
converted into highly serviceable products by combining them with
a variety of additives, stabilizers etc., by the compounding
process. The exact formulation will depend upon the specific
application reguirement. The different additives impart different
physical properties which are used to improve the performance of
the plastic materials. Additives are widely used for thermoplastics,
thermo sets and elastomers like phenclics or amino resins are
useless alone but by the addition of fillers, resins etc., they give a
reversible products. Some of the compounding materials are
stabilizers, plasticizers, fillers, colourants or pigments, lubricants
and accelerators.




* Compounding of the plastics may be
defined as the mixing of different materials
ike plasticizers, fillers of extenders,
lubricants, dies and pigments to the
thermoplastic and thermosetting plastics to
iIncrease their useful properties like

strength, toughness, etc.

Resins have plasticity or binding property,
but need other ingredients to be mixed with
them for fabrication into useful shapes.




The Materials Tetrahedron

A matenals scientist has to consider four ‘mtertwined” concepts, which are schematically
shown as the *‘Muateruls Tetruhedron®,

= When o certain performunce is expected from o component (and bence the muterind
constituting the same ), the ‘expectution’ is put forth as a set of properties,

= The mutenuul is synthesized and further made into a component by a4 set of processme
methods
[casting, formung, welding, powder metallurgy ete. ),
= The <ot (at varmous lengthscales) s determined by this processing,
* The structure in turn determines the properties, which will dictate the perfformance of the
compoanent.

J Hence each of these aspects is dependent on the others.

Pertarnance
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The broad goal of Metallurey & Materials

Engimeering  is to understand and ‘Engineer’
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The Materials Tetrahedron




Length scales in metallurgy

Let us start with a cursory look at the lengthscales involved in Materinls Science
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The main design principle is to ensure the simplest shape
possible. One can back out that principle if a more complex
shape makes it possible o join several elements orif it lets us
eliminate even one stage in the manufacturing process only.
The general goal of the actually emploved (echnological
processes s (o make the nel-shaped products that make im-
mediate assembly possible, or - in case it 1s not [easible - the
near-net-shape products requiring limited finishing - usually
by machining - before installing them into the final product. It
1s not possible (o make any element exactly, according to the
dimensions assumed. It 1s possible 1o select the manufactur-
ing processes of the product elements basing on the analysis
of the relationship among the employed technological
process, 4 size of elements, and a complexity of their shapes
(Fig. 4).

Dimensions and weight of the element influence selection
of both its material and manufacturing process. Small sized
elements are made from a bar stock even in large wlume
production, and the material cost may be then significantly
lower than their manufacturing cost. It enables (o use more
expensive matenals for small sized elements. However, due
todifficulties or no possibility at all of carrying out heal treat-
ment, making a [ull use of mechanical properties of maten-
als used for large sized elements gets impossible. There are
also limitations connected with sizes of elements that may be
formed in particular lechnological processes. The examples
mclude die-castings, investment castings or elements made
using powder metallurgy whose weight is limited usually toa

Fig, 3. Relationships among some lactors conneeted with material, pro-
cesses and functions of a product | 1-9],

expecled mechanical, physical and chemical properties of the
product (Fig. ).

Variety of materials available nowadays, makes it neces-
sary to select them properly for the constructional or func-



