Martepianu Ha ocHOBI aeporenis:
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[TOHATTA Npo aeporeni

CUHTETUYHUN NOPUCTUN
Haa/lerknm Martepian, oAepXaHunm 3 resnio
LUIAXOM  3aMIiHM  pIAKOro  pO34YMHHUMKA Ha
rasonoAibHnm 6e3 3MiHU CTPYKTYpMU.

Aeporenb - Le

TUPAC: Aerogel is a gel comprised of a
microporous solid in which the dispersed
phase is a gas

Property

Silica Aerogel

Silica Glass

Density (kgm?)

5-200

2300

Specific Surface Area
(m%qg)

500 - 800

0.1

Refractive Index at
632.8 nm

1.002 - 1.046

1.514 - 1.644

Optical
Transmittance
at 632.8 nm

90%

99%

Coefficient of
Thermal Expansion
1/C at 20-80 deg C

~2x10°%

10x 10

Thermal
Conductivity
(W/mK) at 25 deg C

0.016 -0.03

1.2




Aerogel

\ Microporosity
o | d <5 nm Surface
Macroporosity Mesoporosity Silanol
d > 200 nm 5nm <d< 200 nm Groups

= BnactuBocTi koMno3nty (EdektT KHyaceHa...)



IcTopia BIAKPUTTS

Pyrogel 6350 created
for the petrochemical
processing industry

Aerogels
invented

Aerogels for
spacesuits

Aspen makes fiber-
reinforced aerogels

Aerogels offshore

Fromthe /
30'sto

the 80’s,
many

large
chemical
companies
tried to
produce
aerogels

Plant 1
opens

dSPen gerogels



Knacudikauis aeporenis

*Aeporeni
*3a arperaTHUM CTaHOM
- MoHomIT
*- [Topomok
-[In1BKa

*3a METOJIOM CHHTE3Y
*3a CTPYKTYpOIO
*3a CKJIaJIOM

*-OIHOKOMITOHEHTHI
e-bararokoMITOHEHTHI

- Kceporemni
«-Kpioremni

- MikponopucTi
*-Me3onopucTi
-3MilIaH1



- Knacun@ikauiga 3a XiMiYHUM CKnaaoM

MeTtaniyHi ZrOz, A1203’
*Byrenesi Vzos’ Cr203
*OpraHivsi

*OKcHUIH1

«CuJtikarHi o \_ H ]
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Hydrolysis : .
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CYLLIKa B HAAKPUTUYHUX YMOBaAX

Pressure gauge
A
Supercritical
ui . Vapor outlet
o fuid Gas Eﬂ_i) =S
Teflon ring
2 Critical
g point (T, P, 7 :7/
Triple AE :%
point Thermocouple 7 = %,\
/: = / Heater
Temperature —— % _:__ ......... E%
Table 1. Critical Point Parameters of Comu — =7 .
Fluids™ Bhanol < 77 =
fluid formula 1. (°C) /E% Eenm
—— H,0 3741 /Ezisizizfz?sisz R e
carbon dioxide CO, 31.0 %
Freon 116 (CE3), 19.7
acetone (CHj3),0 235.0 o //////////////
nitrous oxide N0 36.4 1.24
methanol CH3;0H 239.4 8.09

ethanol C,Hs0OH 243.0 6.3 10



OaepXXaHH4a ento

supercritical

Xbba/

gel

aanrnnal




Byrneuesi aeporeni

ITnoma nosepxHi - 400—1,000 m*/g.

Mertoa cuHTe3y — mipoi3
(resorcinol-formaldehyde (RF) aerogel

RF aerogel

Carbonization
N,, >»1000K

CRF aerogel
Diamondization

Ne or Ar, > 20 GPa

CO,, >1273K

Activated CRF aerogel Diamond aerogel | -



MeTaniyHi aeporeni

[ strategy ()
two-step gelation process
, , ( supercritical\
| (1) reduction | (2) gel formation l drying
b A :.. 9 ° Qo 9 ——
woom %45 o
L:'. " :'.J @ g 0 ®

metal ions nanoparticles hydrogel aerogel
| ] \ o

strategy (Il)
spontaneous one-step gelation process
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) AeporpaiT

Cunres:
CVD wna remmiari ZnO

= The density ofairis
1,200 g/m?3 (at 20 °C and
1 atm).

Aerographene -

160 g/m3, or 0.13 times
the density of air at room
temperature

Advanced Materials
Volume 24. Issue 26. pages 3486-3490, July 10, 2012




MeToaum AOCNIaAXXeHHS

a D| ¢ «-a,0: & y-ALO, o Boehmite

‘as-dried
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e Diffraction Angle/®

PentrenamopdHi,
JlociiKeHHs MOBEPXHI,
CEM/TEM

Henomniku:
['apodinbHICTD,
Kpuxxkicts,
CrapiHHs
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3aCTOCYBaHHA

Drying Precursor
M ° o treatment type
CTaJ11H1 Freeze- Drying and
. dryin compression Manganese Cobalt
aeporeJi 7
Flexible Stiff Soft ferro- Hard ferro-
aerogel nanopaper magnetism magnetism
B Hard
Soft
> H

Magnet up

Magnet down

Precursor
concentration

Low High
‘Small’ ‘Large’
nanoparticles  nanoparticles
(SP) (SD)

B SP
SD
>H



: ﬁ:oéel Silica

_ -3 ael Silica
Silica Silica Aer&i;illca
Sil | Silica Asrogef Silica

Silic¥Aeroge! Silica Aerogel Sitica
Sllk'-‘n Aerogel Sillca Aerogel Si¥ca
Bilie 8 Aerogel Silica Acrogel SilBa
SiliciAerogel Siiica Aerogel Sifta
SilicggAeroge! Silica Aerogel S¥fca
Sllica' Jerogel Silica Aerogel £ vica
Silica | Silica Aeroge Silica
Silica Ae%?f) lics 4o el Silica
Silica Aerogei /.o ~erogel Silica

ca Aerogel Silic» Aerogel Silica /

ca Aeror ~I Silica /
ca Aerc “ilica )
cap cal
ca al
ca
ce
s

Appearance of some aerogels

VZOS
(G.Reichenauer)

PI3HOMAHITTH

RF-Aerogel
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¥ /cd 3aCTOCYBaHHHA

r | Mystifying
e Oge Blue Smoke
At first glance aerogel resembles a hologram. It's deceiving whether it’s
really there or not. A highly porous solid material, aerogel has the lowest

density of any solid known to man. One thousand times less dense than
glass, aerogel has earned the nickname, “solid blue smoke.”

: Aerogel will be Aerogel is strong and
used on the easily survives launch
& STARDUST space- and space environments.
craft to capture It has been used for the
comet particles Mars Pathfinder and
from Comet Wild 2. other rover missions.

[MpoekT «CTapaacrT» 9K maTtepian ANng nactok KOCMiYHOro nuny.
pagiaTop B NiYUNbHUKAX 3apaa)XeHUX YaCTUHOK YepeHKoBa

Dunlop BkntounB aeporesib y opMy CBOEI HOBOI Cepii TEHICHUX paKkeToK...



Bupobun 3 aeporenis

-




BnacTtnuBOCTI Ta 3aCTOCYBaHH4

Property

Feature

Application

Thermal conductivity

(1) Best insulating solid

(11) Transparent

(1ii) Withstand high temperature

(1) Building construction and appliance insulation
(ii) Storage media

(iii) Automobiles, Space vehicles

(iv) Light weight (iv) Solar devices, solar ponds
Density/porosity (1) Lightest synthetic solid (1) Catalysis
(11) High surface area (i1) Sensor
(1ii) Multiple compositions (1i1) Fuel storage
(iv) Ion exchange
(v) Filters for pollutants gaseous
(vi) Targets for ICF
(vi1) Pigment carriers
(viii) Template
Optical (1) Transparent (1) Light weight optics
(i1) Low refractive index (i1) Cherenkov detectors
(1ii) Multiple composition (1ii) Light guides
Acoustic (1) Low speed of sound (1) Sound proof rooms
(11) Acoustic impedance matching in ultrasonic distance sensors
Mechanical (1) Elastic (1) Energy absorber
(ii) Light weight (ii) Hypervelocity particle trap
Electrical (i) Lowest dielectric constant (i) Dielectrics for 1Cs

(1) High dielectric strength

(11i) High surface area

(11) Spacers for vacuum electrodes
(111) Capacitors 20




KOpOTKiI HOTaTKM

= Aeporeni - mMaTepianu, LLLO BONOAIOTb
HaMbINbLLUOK TMJIOWE MNOBEpPXHi, HAWUHUXXYOLO

'YCTUHOKO Ta Tenjao Ta eJIeKTponpoBIAHICTIO
3aBAdKn ocobnmein 6ynosi.

= ]lo aeporeniB BIAHOCATb CWNiIKaTHI, OKCUAHI,
MeTanesl, OpraHiyHi KapKaCHI  YTBOPEHH4,

BiNbWICTb 3  AKUX ’I?WWOBE]X

HAAKPUTUYHOI CYLLUKW
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