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Low Pressure Synthesis of Silica Aerogels by Supercrilical Drying
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ABSTRACT

Silica Aerogels with the density and parosity of 0.1 g/cm® and 96% were synthesized by two different supercri-
tical drying processes (ie, additional solvent and initial pressure methods). lsopropanol was chosen as sol-
gel and supercritical drying solvents in order to synthesize aerogels at the lower lemperature and pressure
because the critical values of isopropanal are lower Lhan those of methanol and ethanol commaonly used. The
P-V-T relationship of isopropanol was experimentaily described for optimizing supercritical drying condibions
such as the amount of extra solvent and supercritical drying temperature and pressure. In the additional solvent
method, monolithic and transparent aerogels were obtained by supercritical drying at 260C and 900 psig after
40% of the reactor volume was filled with isopropanol. Crack-free aerogels were synihesized at 250C and
1100~1200 psig by the initial pressure method with an initial nitrogen gas pressure of 400 psig and the
1sopropanel amount of 5% of the reactor volume.
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Table 1. Processing Parameters for the Preparation
of Sihca Aerogels

ﬁ:‘rocess Product Parameter
- TEOS cencentration
Silica |- Molar ratio of water/TEOQS
2 Step | alcosol |- Molar ratio of isepropanol/TEOS
sol-gel - Catalyst concentration
process | Silica |- Gelling temperature/time
wet |- Aging temperature/time
gel |- Flushing temperature/time
- Kind and amount of solvent
- Final temperature/pressure
Super- | Silica |- Imitial/holding pressure
critical | aerogel |- Gel size/shape
drymng - Heating rate/soaking time
- Venting rate
- Purging rate

Pressure gage Healer
lemperalure
contreller

Qullel of secunty valve [Themacouple
h 4
Melenng Valvel -~
Crattet l
Condensor
NHrogan

i gas
Trap Furnace

Fig. 1. Autoclave reactor for supercritical drying.
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Table 2. Critical Values of Supercritical Dhrying

Fluds
Ty T¢ Pc Ve
Flud .
() () {psi) | (cm¥/g)
Water 100.0 374 3207 3.17
CO, —78.5 3l 1070 2.13
Methanal 64.5 239 1173 3.68
Ethanol 78.2 241 890 363
1-Propanol 97.1 264 750 3.64
&-Fropanol 822 | 935 | 890 | 3.6
(Isoprapanal)
1-Buthanol 117.7 290 641 371
2-Buthanal 99.5 263 BUG 3.63
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Table 3. Reactor Pressures at 250°C according to the
Amount of Isopropancl Added

Amount of isopropanol Pressure
vol. of isopropanol (psig}
(\ vol. of th:| reictor ><100>
50 1000
40 900
30 860
20 800
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Fig. 3. P-V diagram of isopropanol.

ol R4 VeAsh 2ol WAlH Fo] 29 PPoE
Z7hebol Gk el Vish el w
AHguch e A d4rE 28 Fob
Al Vil 4 AZ sk, Agelae < gl 29
s "ok & AAe A AA7E e welae s
Aol a}A 51% Aeld], defs w57] W} o)h=2F
& 2T o s - ge AR ¥
a7} Bk 5 Fell ol=iat Hake] vehr] HEAe
dARIAE elzte] o]z Rabge] Aol HEET]C
Hrlsfe]okel Fhc} wkd Al2ox] HrlEl elizaat
L2 o) ol mzE e A8 A M (Vo Tkl 5
& el 7l-AAG L E3 o)A ] e £}
dAEErE Holg W(T=T) »]-2dxde] A4
297 HA gl Bk Vesh 2ol #7iE
|2z 2aes] ofe] YAe|AH R} E H3, H BelA
I

A

F31 wh2-7]

S14e] F)4ge As| A 7)o Aol 2 ack
el BrE elaxzdes) wa el Aznc
v, 5715

rtdshe Tl 7)abe] ARt Fre
A,

F745m 44 e Arsich B BAA BE 95



=
152
1200 T et
~ == 500 psig of niirogen SupercrmcaW
----- 400 psig of nitrogan Fluid

000 b —— 300 psig of nivogen
—{— 400 psig + $ vol% fill of reacior

—— 50 voi%i 1Ill of reaclor

Pressure(psig)

PR [ S SR RPIN N T S SR N

50 100 150 200 250
Temperature{T)

NP

300

Fig. 4. Ways to bypass the supercriical pomt ot isop-
ropanol.
(—J~ imtial pressure method and — v — addr-
tional solvent method)

AHEZ Fel Rk o)} o] AEolA BAR olaz
242 o] YuAAGhET 2 ool 1we7|

el emr dA-EEr) 57 o def] &, 294 £
E=FE7] el o] Pl s FHelHmaA ARH¥
ozt AAHS A Rl 7l-lAHwHe] HdAE Aok
Fig. 2404 10 vol%e) elsz2go] Hrg #AV=
127 cm¥g)e 300C7H" 2% AlAR H7ld o]z
T2 2304 FHE AelH=] Ealw 25 7o
Helelnz 9he-7] el dzAL 7oA me] &4
ofgt g%& el Fge] FAE Aot

elke] AR ] M7l fe09] ok ol wlAEgn
oF A2 40~50 vol% W& 75746]-‘1‘1:]— 297 HAz=
294 FAZ F43) #He)® < 9\ T azeotropic pointr}
EAT 5 98 g ohel 8] 2% 2S¢ 4
slAl e o)atel B dHg abde] BAEE 2x
e el I dzEL A23S wuc) dots] o
2H0TE AAse zE A8L dsigok

Fig 4= 172] &3ko) whg-7)ol| el 2s)a 7}zl
Z27149= ) HE(00~-500 psig)ell w2 b-fx Wiz
9 5vol%e] el d28 wherlo] W 400 psig?
27)%& 7lelel g A5 -y W3 sz, 27
sk glo] 50 vol%?] o] = ghEulg whir)e] JYels
e £=-5r8e] Halel g Az g HodFm gloh
agleld ok = alze] AbgefiA A4 ol4sled &

o

—490—

e P A e vs] 2Ee w2 g
Wk F)a A el lste] A ghst obp 2
aUstalgl o n, 400 psig o] 4k8] 2713=o) Aphal B9
NATERE) Aemel GAYHE $He o]k

sogee] 297 #4 2922 AR 5 gl

St ol & ZHE sle] hvolne] o]iFEdLL wie
Zlell #3400 psigd] Z71UEE 7R § 250THA|
7redat 23 g WiRe) GHEe olhEedse)
Fer E2AE g g ¢y AE L Relxgrl & 4
LeflA] g REg] 2350 AR ¥her] e o)laEF
o] dygeR Zdsh) YA o] defas 294

FAR AW 2F £5¢] 20Tl A= 2719 Ho
50 vol% ¢ OIiEiﬁ‘l—E% A7} et & o) al=al 1(}00
psigell =wddtelct. olabe] AapRie 294 Az 3
A4 Gel i e #HE 2wl by EMM EA
7S olgsle] 294 R FAHE
AzdE AzY g sk g5 SFA Y SE
294 = TN °:!-‘llﬂl7‘—'l !
vol% o)) 4o]E
del A AR E7]7) °"HJ °M—t—
E ol 294 A= FHE
" Bl Frlged e 25007]
AT Arigl dellzl zd FAE AHel3

&4 st 1A17F Fok 2607 A fea]
AlFladd, &r7isheld AHzkat 294 S0l ¢k
=2 ahe-s) J,rL Sz Pg el 3 F) 110 AR
obE AZ Folr] wiFe] mUH fHAE ze|dhzd
R Al AR 235”(:01])4 B0C7AA elze
Al7kal oF 88 Alzbeld FRatda A5 wig
719 ewr} 250Ce makshAnkal u}i rl A S
AR 5 ol AdHe g g As AR A
A = olgl o] o] wE A Edx gasld
T ek

Tl

2 =)
= A,
7 2 Al

T-a
et ‘1°|'
A
w0
o)
rir

r
=3

A = =
AT R Eﬂ

2(—!5_3

Hos oo

3.2. dz2(7t oflof 2

FHTEAR el gl=
iz A A Az 23l A=
B3t 29| AzAARE] wpAEh gl 24 BE
4 Alele] WAE w7 waEdl o st
olsjst Aejzp e H $4 ArfrlEe] A wo)
o] Ay #ZF dejghEeld dzAe
Weloml TR dej2As Axg 5 UgE o4 g
Ak F4 AT 2 o)t gl s 294

=
T HE B9 $UESL 5255 93 2249 A0}

monalith 3 4ke] Alelzl

3] 27| =l

kg
Bl
n



294

Table 4. Effects of the Aging Time on Densities of
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Table 6. Effects of the Aging Time on Densilies of
Silica Aerogels Prepared by the Initial Pres-
sure Method
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tempe- | time Supercritical Density
rature (h) drying conditicn (g/em)
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Fig. 7. Varialions of UV/VIS/NIR transmittances of ae-
rogels according Lo the the supercritical drving
method.
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