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ABSTRACT

Homoegeneous and monolithic TiOy-8i0; bmary aerogels were prepared by supercritical drying. Optical trans-
parency was increascd with adding acid catalyst during two step Lydrolysis and with decreasing water content.
These differences in oplical transparency were related lo mucrostructures of gel network formed through polyco-
ndensalion reaction during supercritical drying process, rather Uian the fina] composition of aerogel
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nkov counter, w7 E} solar panel?] wrAFAH,
CFC-blown pu foam®] &, Hf7]F A ztEsie =
&3l transducer?) acoustic impedence matching, 20~
10nm el 2] AxTe, Soighdl 5o de] A4
oo, mal olila) aerogel HE FAEAC D
precursor® AMSEe] 33 44 F o] fr]24L
gAsked de] o] 4 gls W o=t #H3] A
2ka]e] fei) Aedulag Axs w5 9lg,

o] )3t aerogeld] gk A7 T2 silica shyAdFol
A Z5e] st 29E3 ol TEOS(Tetraethylorthostli-
cate)v} TMOS(Tetramethylorthosilicate), S+, ]2
dukgal e 27174 0] aerogel®] A v]A= o
gte|v}, supercritical solvent® 4-Fe|u} CO,Z AHE-31
v seds, 277 SvlFESE 52 supercriti-
cal processE A A w2] oz W w2 oz 49
WHEE WY FFe) o)A dho] 2L aerogeld Ho
A o] F&Eokl A4 HEs] Be A7) o
nielgich Y.

A Ti0:-5i0; A= uitralow thermal expansion
(ULE) glasses™, pradient refractive index{(GRIN) lens'?
o 28rVeslth 58, £} 2% GRIN lens®
A 2= polarizabilityZ} A4 index modifying ion2 2
A5 AMEEE= titanium o]-&9] thF432] A networkS
E& WRZHE o] 2x ks AALE o FHA S£EFH
2 7|7h 47 W), 7|Ee ol&wsiwel g Az
gl 4% AdSe] gl

2z} eleldh Til-Si0, o837 A% silicone]
o) F4el titaniumel| ¥]3le] FA7EAESL U4l AA
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Ba FFeA, T WESE£nrE HelZEel titaniumel
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215 zpelof) o] R Axie] LA r] AP L)
silica 51y A=l dlgt g2 |7 2y Ti0-Si0,
o438 aerogele] ik AFE Ege] A @om,

Tabkle 1. Compositions of Starting Solutions
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ajeba B A7 A% Tide-5i0, 0] 824 28 A3 4]
#A#EA (complexing agent)® A @82 acetylacetone
(acac)© 2 titanium iso-propoxide?] or=4] =|7h=g
AFAA FAdFale| =g ghdsle] Flpis] vk
=g AT ozH FAF o)L acrogelE Al FE}o]
a2 g FHstdc)l 53, 27) EANkEe] a%e

€2z 17} AT aerogels) A3k FHAL o)

HeA7lE A 71FTE F ooTE B g
BRI L
2. Ay

2.1. wet gel®| H[Z=

M B4R 2] 7] TEOS(Tetraethylorthosilicate) <]
titanium iso-propoxide 18| #Ha] acetylacetone 12-&
Ar}abe] titanium iso-propoxide?] d=A7]E acetyla-
cetoneo.® A7) F3}5HEE TEOS] #l8 mole%
= 3%E Arkg ¥ A 22 Arisle] sla-denl
T4 AX Ti0-810, B3A AZ2E A% F= P8
gl £ Aol Alz=F Z2] 2ARF Table 1o 1}
ehfgdch. dgape| = dld 45 4E9), =9 s
fEr] 22| HAE Edy) FobA RE A4S s
7l Areg 7l1EEAeR AR shrEauAead 3
YEr o) FTeh ofel ¥ A%E dolrr) $E
st o)Al ddale)sof & 9718 & 001E,
=5 A 2] ekE 0,018 ¥ £ BB1n
Awla A oA kel AEE Hawtr] 95
o] o] 7]2] aFs o] o7 0.001E do] & BB2 29|
A whAlel ] ALS 0001E Fr)ebe] Faure-o
Zxa|7]le, FTHA AACAA REHREE E234E
ERE dolnr] H& Fr1E 001% 71 ABH =
Aol gl A=l apslsich

{in mole%:)

Designaticn TEOS TIP Acac R* r¥ 1st Catalyst 2nd Catalyst
BB1 97 3 3 4 (4] base 0.0 hase 0.01
BBE2 97 3 3 4 base 0.041 base 0.01
AB 97 3 3 4 6 acid 0.001 base 0.01
Arlb5 97 3 3 4 15 acid 0.01 acid 0.01
Ar3 97 3 3 4 acid 0.01 acid 0,01
Aré 97 3 3 4 acid 0.01 acid 0.01

*R=¥Fthanol/Alkoxide, *r=Water/Alkoxide
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Fig. 1. Schematic diagram of the experimental proce-
dure
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Table 2. Descriptions of Binary Si0.-TiQ; Sols.
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&9 dHdtenc) "-i g f 280 77 aslddT),
3t 24 o) Y Aa) o 5h2-9] eva-
porationel] ©J# H psﬂﬂ-%] =7}k ek 2807, 2200
pei7hA] TEgk 3 oF 1417F 308 A At 3
atgt ¥, autoclave Lﬂoﬂ dol g 4 W i 4
a2 gHaE A7 D F ek lste] Ti0-S5i0,
o)A 8] Fde] 3l aerogeld LTl
2.3. aerogel?| SN FA
aeropeld] FEHA Twiage SHIMADZUinl UV/VIS
spectrometeri 200 nme=ll A 800 nm2] #Ated el A F
Fg-g =Asielx, 3atd 4L 94l BRUKER
MSL200 NMR spectromeler® Ap-dsle] 7|25
TTMS(Tetra kis trimetyl silane)® AF4-3}32 'H %0° pu-
Ise width: 4.5 ps, conlact time; 5 ms, repetition time:
10's, number of scan- 1003]. frequency: 39.76 MHz=]
ZHeg &Aslgc FlearEEs gdehur] 93k
macroporc Hg porosimeter® 783 micropore i
A+ mesopore’s N, adsorption~desorption isotherm 2
2 7|1ET2E F48c) o]#% desorptionel 213 7
FENEEE Tk acrogeld] vlAEE A
Fal7) glgte] fAHAC|AE o145k
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1. HEAHE

Table 2¢]] 2+ Aoz ghadst Ti0:-Si0, Dlﬂclrrfll
#2] Al AAE G £ e )
Folg e A9 A AN Hrie dole] el
7.e BB2e] Zeleh YAete Aol A AL B

Sample pH of SOL Visual descriplion Gellation Time (hrs)
designation before molding of S0L 80T RT.
BB1 9.00 Jprecipitate - -
BBR2 7.70 precipitate — —
AB 5.25 grange, clear 9 67
Arlb 1.10 yellow, clear >15 days >100 days
Ar3 2.00 yellow, clear 57 444
Ar6 2.09 yellow, clear 15 191

A 3248 A3 %.(1995)
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Fig. 2. FTIR absorption spectra of Si0»-Ti0, aerogels
with different preparing compositions
(A) AB, (B) Arg, (C) Ar3
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Fig. 3. Photographs of Ti0.-Si0, aerogels with various
preparing conditions
(A) acid-base (AB), (B) acid-acid (Ar6), (C)
acid-acid (Ar3)
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Fig. 4. UV/VIS spectra for dilferent catalytic condi-
tions
(A) acid-base (AB), (B) acid-acid (Ar6), ()
acid-acid {Ar3)
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Fig. 5. 51 NMR peaks for each aerogel
(A) acd-base (AB), (B) acidacid (Ar6), (Ch
acid-acid (Ar3)

Table 3. Quantitative Analysis of Condensed Species:

& Q
Aerose @ @ @
designation
AB 837 49.98 40.65
Ar3 10.84 54.50 34.65
ArG 11.10 51.94 36.95

ABs] - 2w FulIt Arg 7+e) F speciese] =br)
p
Ar3Fe 2 xlelef gle] wlagt

=
A%E Ho, aerogels] BuA FEA A9 Bl
T 280 2 gl gk A4UE 9 4 3
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Fig. 6. Differential pore size distribution by Hg porosi-
metry; acid-base 2 step aerogel (AB)
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Fig. 7. Differential pore size distribution by Hg porosi-
metry; all acid 2 step aerogel {(Ar6)
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Fig. 12. Scanning Electron Micrographs for aerogel
fragments
(A) acid-base (AB), (B) acid-acid (Ar6), (C)
acid-acid (Ar3)
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