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(a) Upon normal drying, the wet gel experiences strong capillary
forces Lhal causes a collapse of the tenuous network.

vl

a

Pressure
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Temperature

(b) Upon supereritical drying, the development of liquid-gas
interfaces within the gel is prevented by raising the pressure
and the temperature above the critical condrtions: A-C-D-E
means additional solvent method and A-B-C-D-E means mnitial
pressure method.

Fig. 1. Drying process: (a) normal and (b) supercritical drying.
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Fig. 2. Illustration of surface modification of wet silica gels
with TMCS.
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Table 1. Physical Properties of Silica Aerogels

Table 2. Currently Available Organic Aerogels

A iResorcinol-formaldehyde\ Melamine-formaldehyde

L aerogel . aerogel
Density 0.03 ~ 0.06 glem? 001 ~ 0.80 glem?
Surface area 350 — 900 m¥g 875 ~ 1025 m¥g
Cc;ll/pore size <50 nm < 50 nm
Particle 3 ~ 20 nm{interconnected) under investigation
Color dark red, transparent colorless, transparent
Carbonizable
Others No mass/surface -
fractal dimensions
(Pyrfillsis)
E Carbon aerogel
Density T 0.05 ~ 080 glem®

Surface area

Cell/pore size

600 ~ 800 m/g_
< 50 nm

Particle | 3 ~ 20 nm (intcrcohn;ted)
Color black, opaque
Others ‘ amorphous

oA Hrk g T2 ool =4 o} o) SR8}
= 7 dgR e @4 2 ek 20 nm AR 71

ol
of] __}a']— ;ﬂo ™, A7 2 ~ 5 nm A5 T4 JIEL

‘Propetty” Value

Comment

Bulk densily 0,003 ~ 035 gfen’

Most common density is ~0.1 g/em’

Internal surface area | 600 ~ 1000 mg

As determined by nitrogen udsorptibﬁ/desorption

% solid 013 ~ 15 %

Typically 5 % (95 % free space)

Mean pore diameter -~ 20 nm As determined by nitrogen adsorption/desarption (varies with density)
Primary particle diameter 2 ~ 3 am Determined by electron microscopy

Index of refraction 1.0 ~ 1.05 Very low for a solid matenal (cf. l‘7 for 5i0; glass)

Thermal tolerance 10 500 C Shrinkage begins slowly at '300 'C. increases with temperature. o

Melting point is > 1200

Coeflicient of thermal cxpansion | 2.0 ~ 4.0 x 107

Determined using ultrasonic methods

Poisson’s ratio ) 0.2

Independent of density. Similar lo denae silica

Young’s modulus 10° ~ 107 N/m? Very small( < 10* 3 (.Ompcu'ed to dense silica(7.3 X 1010)
Tensile strength 16 kPa For density = 0.1 g/em’

Fracture toughress

~ 08 k-Paj4

For density = 0.1 g/em® Determined by 3-point bending

Dieleciric constant

~ 1.1

For density = 0.1 g/em® Very low f{or a solid material

Sound velocity through medium

100 m/sec

For density = 0.07 g/lem® One of the lowest velocities or a solid material

+Most of the properties listed hear are significantly affected by the condilions used to prepare the asrogel and any subsequent post-processing.

Ha#M Hoz, 20019 12¥



o mEkA Z7] T spFEo] AT whebA Hol
doIRAL T A 2R L F24E LEhAA
= (g B} 7] 2g 20 5lem njAg of
oJ2A 9] o] ofsf AH R & A, =g
Agole clo]2AE F2A] HolA gty ZEHL=
ojo] A o) 4] L3R} Rayleigh scattering effecti= of]
A2 WETZ W ofF #2 BFEGE UERE
nanostructuree] 2|8} LAEA Hc) Agjyle] FA &
2= (intrinsic absorbance)= 7M1 % QoA v - ro B
2 o] Joofaje] Fal= F2 e Gl oA okst
At} dggrt Fopdo whebs A2 F7FekH 300
nm F-Zel A Fns AlEiRivh AE->0] 29 ¢

o Z o|F ol mEhr alehe] P2 vhi A 51
o, 718 A} A5 gaf v e AEERe] 72 Oﬂ

olgiA djEAe] F2E AT & UA B 0

stretching vibration®]] 213t ZspHAM = Bl Sl B
2 3500 cm oA LyERA =0, Tha <Rt O-H bend-
ing vibration band= 1600 cm™' o]l 4] T 4 Ytk &
2o} THe) —-OH71E BF7} o9 -2 H5hel
ojake ZAE|H, 1100 cm oA ek F<o= Sl—O-
Si 7)2 FTe) o5+ Aolrk whEe) 33003 2200 cm
2 A9)H Tt Ao EAlsI o< 2+
< 2 534 wiol A8 o2 AS T dAF

it

e

SS9 1) GAES A A 1B SR
7 Hm, 7 w7z 7]
4 @2, 34 o

e
1_’_
T2 A%, 71 AR 2 BAF (R )

ie o«
i
il
i
i,
le,
kLl
:go
ol“.
o
i
H‘U
N
1A
_‘GL
iz
T
o

Cﬂi?ﬁi-% Z4S =
Sh)gh FEFED 4L ugz %5 F310] Yol
A =™ Hlaw AT
2 Ag 7} o] 2 A -°r
% ©1742] 715-&0] nslR 24| sdtgl
FZ9) ARE (RE 5 nm)S WA 97] (excitation) 7
7t A ekr] W Eel] v A Aaziel] BsiA 100 ~
1000 1A% WA ©k oolzAe 712 solMr} oh
2 2 7] oS o] ofd F1AfeE o)Fe
A JOBR 2R L =5 dXG2 J1F T2
7)174-& S A G EkA gk B32E wlef] ofsii 10
mbar7}A| 2] %4E Sl A Y] FEPATE A2
B.0) 717 s T3, 100 mbar ©)/Fef A5-H
Qe A5e) Z7pt ARHAY 714 Awel 2t
A2 Knudsen formuladl] €)%t 714 £} =325
2o Ao 202N drEwe] HsiERE ARt
3 44 7% Z71= 50 ~ 100 nmo|th oojZ7 9] 7]
2 371 ~ 100 nm E9lo] YOHEE o2 AL 5
3 7]09) BEARAZE 1 ~ 100 nm Wle] A
o} 719 ste] 5719 A% HEAGEE o 70 am
olE = dol2d YRANE 719 71T ¥l 2F
2ot ohE) 571 BRI $EE Ade] Wwe 2
A A geH o ojeizAe] RTE 0.005
~ 0.010 W/m - K=#/® mz2 Ze gevE Zxr
7158 e dEAEI} AR F714A YeRlE €
Ax el 0.026 Wim - KETF3 ~ 5 o A= w0 7he
ZA g} 2] YA AHEL Held Fel 9
A A=, 20 C o]k W LEAME FE
30 um ©)/ge] Fog el Wil A2 d) F2of A=
3~ 5 um EHeIA clol2Ag SAFEEA WA A
Zo] o5 Lol Aok B AFEe] AEF} o
olzAs) S8 BF Fo) shis sAFe) F]
Atk &, Tl AP el S8o) 7hEdte
Aotk 2L} o) 22 4% 53] 3 ~5 um Al
o) B Tgth AL ME dRD QoA Al

FRH
0-||
15
)
>
Hd
&
82

1fo3

o3 71 %7} H7) R BA E7] gort FLo
At aRge)l g1 F 717 AEHEA B
= $Bsjojol & Fo8 BAIZ Rrkdch



3-1-3, ¥H EM

gt oolzae] Yt Yaks A7 2 ~ 5 nm A
ojtk. oje} o) FL F7]9) A7} Yk WAL
= 2 Z9E o) 239 uE Belnd (~ 2x10° m), A}
HOZ =o uFHA (~ 1000 m7g)S VERIT) o
o274 53] AEL I AF 24 A =gt
dE So] ¥FLg AF S0 ALLsld 2UAAR

3ol 27| ERldlE FE %’3—/‘]71 (—OR)

=

-1
o

AF

=

7,

7 (-OH) == T:?i ATk z_%.@ ]
]z oja MEZH © 7} A Y E3H (ydro-
gen-bonding effect)Z Wepdt) whaka] 417 EHO.
2 o%0i7 ooz & .
H A7} 2R L F8 7 ZERH R F55)
o, ol A} 20 WA Z7HVIE Bk ol E
22 71 BEEO 2 dojZ AL THESIEEA $ 3]
AZAL & Yom YT S2e £H0E A
A ®ok 417 ZHOE o]FelF ojojZ Ao
83} 2L st BEY AS enlE elg ool
A71% £0 = Eo| AFHHA E9 24 F=Hd o3
49 4307} 329} 41 2 2
AN

¢

1

r
4]

i

==

1_
ol m

-~ o of

(o
o=
o
é
o
i
N
Mo pd o

N
2
N,
ot

o,
o !
lo
=
2
fu
[
Mo

Y ¥ W orfe H
o P4
Bl
¢l
offl
e
_o‘L
_L‘
=
%
rO
-t rhi
of
i
Mg cdo02
am o,
i,
tlo b
1o,

$ PR

%
i
o
Jj
o,
15,
|
o]
=0
Hﬂ
|=J
o
ﬂF
B
[t
=
2 o

X,
(i
by
0
oA
{o
oy
Ho
i
%
2,
H
Ex
ne
s
0,

i

Mo do B A
b}

2,
2
il
iz
1o,
O?Z
ilo
e
By
[ 32
4
o?f,_(}‘
o 2 B
m_i\gri
e & o
X S
2 o 2
Mogr e o B2
O

uy
kN
o
To

3-2. LI (3 dloj=dlel 2 9 M2t
e A] B85 FEopl| A AFEshe Chenrenkov dec-
tectordl|A] B EE s AT ERTA FHE ool

W - A4¥ A6z, 20019 12

P T
Water pfaten)

. v /‘- \ //- ™
| .\ Il ! ( k |/ )
\ B — / \, . L
- —aerogel “tiackbong - ke ((:
\ - W @ \ -~ .
Mt e T R N . )
’ ’ .\ — T

*‘ A
o g A
; ~ b ” i
A \ o

(a) hydrophilic aerogel (b) hydrophobic aerogel

Fig. 4. Hydrophilic and hydrophobic natures of aerogels.
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Fig. 5. Passive solar heating with a translucent aerogel insu-
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Table 3. Possible Applications of Aerogels
Field S ‘ Applications =
- Transparent thermal superinsulation (TIM)
- Window systems (Smart glazing)
Saving - Substitutes for polyuretane foams (CFC-blown insulating foams)
Ener - House wall insulation
whetey - Other superinsulation
. - Supercapacitor electrodes (Carbon aerogels )
Storage/ L
. - Li-ion battery electrodes (MnO/Carbon aerogels )
Generation
- - Cover of solar pond
- Ti04/8i0,-Ti0, photocatalysts
. - Catalytic systems for VOC/CHy oxidation and NOx decomposition
Environmental

- Capacitive deionization electrodes (Carbon aerogels )
- Gas/liquid separation filters/membranes

Electrics/Electromics

- Ultralow dielectrics (TIMD/ILD )

- Various types of electrodes for energy/environmental applications

- Micro wave circuits, Impedance maching layer for piezoceramics, Light bulbs for diffusing light.
Flat panel display, Extremely light weight electronic packages

Others

Chemical sensors. Photoluminecent light sources, Pure silica glass precusor, Acoustic delay lines.
Sound isolation systems, Particle detecter for hich energy physics, Anti-reflection coating
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