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Abstract Monolithic and transparent TiO.—Si0, binary aerogels could be obtained by supercritical drying
from TMOS as a precursor of silica. Control of polycondensation reaction of titanium alkoxide in the
strong acidic condition gave rise to transparent aerogel. Transparency of aerogel was more enhanced
when the condensation rate was controlled by using of water released from the condensation of silanols.
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Table 1. Compositions of starting solutions
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Designation 1st 2nd total 1st 2nd

A 0.97 0.03 4 1 5 6 acid 0.01 base 0.01
B 0.97 0.03 4 1 5 6 acid 0.01 acid 0.01
C 0.97 0.03 4 1 2 3 acid 0.01 acid 0.01
D 0.97 0.03 4 1 2 3 acid 0.05 acid 0.05
E 0.97 0.03 | 4 1 2 3 acid 0.1 acid 0.1
F 097 | 003 | 43+ 3 0 3 acid 0.05 1 acid 0.05

*note

a. All TIPs were cumplexed by acetylacetone with the mole ratio of AcAc/TIP=1.

b. R=solvent/alkoxide (in mole ratio)

¢. r=water/alkoxude (in mole ratio)

d. The 2nd catalyst of Sample F was mixed with MeOH solvent(R=1).
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Fig. 1. Schematic diagram of the experimetal proce-
dure : preparation of Ti0,-Si0, binary aerogels.
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Fig. 2. Pressure-~Temperature evolution curve during
supercritical drying.
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Table 2. Descriptions of binary TiO,-SiO; sols and aerogels.
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D 0.30 yellow, clear 11 transparent
E -0.21 yellow, clear 6 transparent
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Fig. 3. Photographs of monolithic aerogels prepared
under different conditions (All specimens are 1
cm in thicknes) : (a) different catalyst, (b) dif-
ferent amount of acid and water added in 1st
step.
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—based systems.
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Fig. 11. Scanning electron micrographs for aerogel fragments ; (a) composition A (b) composition B (c) composition

C {d) composition F.

Ostwald ripening® 7+o] olz2k¢] xufr} 7}

s3lEo] A 739 Av)E FuiEI EW
e ztasEtA Elo) o]z Wste a2
Zol % ks wlzbsic). wels], o] 7] Fujr}
ZEE A Ade] Ae, 244 AxE AAE
A, sizkel 71E-o) 2 s} s s E ] A
#h8 ok7|s}&= macropore®?} inhomogeneity 7}
g A" ez 2HY 9l oleh
Wi 2 Z 9 plz) 2.00 o]3lal 7H4HY xde
2 Az" acrogele ZF A A4 3o

A

Ao Ay FRE olRden, A dx B

¢

- UL =]
olel ;. Fxo] W3z} o rpAlFe FH)E
7} gt wdd 7F FRE Hezlew @

e
>
=
oo of,
ol
Ly
J‘q
Yo ©

& ¥ #of &l Hunt 59 A7}
aerogelell W& H el o xghc) o]eigh £
& A 2R M hFatel=e wETF ¥
$5E Ay 2n o 7dd 25 24 5
| Faeks Fd 5 ke =21EF 22 9l
23

T, Hrlsle Ak Eof Y kS FHAA
Az A-fele vAst 2 shAlnk kg e A
£ FHEst 2t FAEHASS 4 T dde
4], o7& TIO-Si0. Al A& Ak ofode]
53 ub-3-g #lols} 7)ol &oldlrh= Aizawa
5" o

[

=9 45 1
J =3 AfE
& 3or RS Ay F o AvsHe



38 gZAEes ] 463 Al (1996)

TMOSg} TIPS £ HbgolA TMOSE z7]
of 233 7tEHAlA $E-3 silanol group
(Si(OH).(OCHy),- )& #AA7]3 silanol9]
3 5 2 AAE= FAEQ EE o]f
&o] TIPS 7h#ai A1 7]l 7o) uhgA Ao
off v8 A S FH3L 3ot A7 F
of 2o A sl A DA HriEe &
F& 12 Y& =(D 24), WA 284 4
‘%?SP—\: o] A AN HrEHE, 2 of
£ TIP(3mole% )9 YA e+ e BolB
2 TIPe] uts-oll BT UAE 2 5 gl
gy, o A D 24 BRoEsE F 2A4o] 713
T3tz v 7lF F2E IR T dde
o, 7k £ aerogelS & 4 Ut
olelgt AAE T £, U Y F
iz} FFAbA 2R dd, 2904 Ax: T Ay
He FE5F 8 Aot Azt oe)d, e
el A3 wE ‘T""% Holz Ao o 5
ek =3 A DA Hrlsle EFE
F52- A, Ao 17& U4 e g 2t Z4
G Fafol= alole] HEEA Ro]E A A]H
HE 7 2A4E 9& 7 Aok gdekA,
z] % aerogel® 3tz BujAge 2w Ao
A A7 = &0l R & 9 AVME
2 ArleA S dHI A P93 Q)

4.7 =

(oo

jo

|

7}¢r%fsﬂ T ] R I s P B
erogeH Fed FHA v
HHLioﬂ th— °“%¥:% A A% o5
4 e

1) & % autoclave Well A Z7] o,
800psiz 7}g F A|7tg 30T $=2 $&
AA k2] oA o]l 280°C, 2500psi
o] ZolA el &elE FEFoEN ¢
o] gl TIO,-SI0. o] Ad&A aerogels Az
g 4 sl

2) 7t F A dodell A aerogeld] FFAL
ES 2 27 aA <d%g wted, 2
oA M 'a‘°“/q zZhzd AVAL g7 A Eu]E AL S
& A$ BFYE aerogelo] doizl b,

BEF A E0E ALY AY FH
aerogel s 4% & AU
Aol U AY EFE AHAT
galgon, 7hefs] A A

=
Ll

-

A Azt %S 25 A7Eele silanold
&3 wheel 4B B ol Ti ¢F
Ao)Eg WA AL WA Aot x3

=) g4

xQl A3}, 74 £918 aerogeld ¥ F 4l

4) aerogel®] T4 #H3l= aerogel?] v]Al
T2 Y 7|FTxe) 4T WS AL gl
o, 4 249 443 B R AT 7T
< YA EEAA FARE o=
macropore®] E£A4F HNF AA P £
&l aerogeld d-& 4 ot

a0z

1. AR. Cooper, Betier Ceramics Through
Chemistry 1, pp. 421~430, Pittsburgh,
Pennsylvania, USA, (1986).

2. J. Fricke and A.Emmerling, J. Am. Ceram.
Soc., 75(8) 2027 ~2036 (1992)

3. J. Fricke and A. Emmerling, Structure and
Bonding 77 : Chemistry, Spectroscopy and
Applications of Sol-Gel Glasses, pp. 37 ~87
Berlin, Heidelberg, Germany, (1992).

4. HD. Gesser and P.C. Goswami, Chem.
Rev.,89, 765 ~788 (1989).

5. T. Woignier, J. Phalippou and M. Prassas,
J. Mat. Sci., 25, 3117~3126, (1990)

6. R.E. Russo and A.]. Hunt, J. Non—Cryst.
Solids, 86, 219~230, (1986)

7. P.H. Tewari and A.J. Hunt, US Patent 4,
610,863 Sep., 9 (1986).

8. R.D. Shoup, J. Sol-Gel Sci. and Tech., 2,
861~864 (1994).

9. T.M. Che, J.B. Caldwell and R.M. Mininni,
Sol-Gel Optics (SPIE Vol. 1328), pp. 145~
159, Washington, USA, (1990).

10. T. Hayashi, T. Yamada and H. Saito, J.
Mat. Sci., 18 3175~3142 (1983).

11. Y. Abe, N. Sugimoto, Y. Nagao and T.
Misono, J. Non—Cryst. Solids, 104, 164~
169 (1988).

12. F. Babonneau, A. Leaustic and J. Livage,
Better Ceramics Through Chemistry 1, pp.
317~322, Pittsburgh, Pennsylvania, USA,
(1988).

13. S.J. Gregg and K.SW. Sing, Adsorption,



14.

15.

16.

SEREE TR O

Surface Area and Porosity2nd ed., pp. 136
~138, New York, USA, (1982).

J. Fricke and G. Richenauer, Better Ceram-
ics Through Chemistry 0, pp. 775~783,
Pittsbrugh, Pennsylvania, USA, (1984).

S. Lowell and J.E. Shields, Powder Surface
Area and Porosity, 2nd ed., pp. 11 ~13, New
York, USA, (1984).

A.W. Adamson, Physical Chemistry of Sur-
faces, 5th ed., pp. 625~627, New York,

17.

18.

19

20

A7 - TMOSE A% TiO-SI0;, o] &4 Aerogel®] 3. 39

USA, (1990)

P.H. Tewari, A.J. Hunt, J.G. Lieber and K.
Lofftus, Aerogels, pp. 142~147, Berlin,
Heidelberg, Germany, (1986).

A.M Buckely and M. Greenblatt, J. Non—
Cryst. Solids, 143, 1~13 (1992).

. A.J. Hunt and R.E. Russo, J. Non—Cryst.

Solids, 86, 219~230 (1986).

.M Aizawa, Y. Nosaka and N. Fujii, J. Non

—Cryst. Solids, 168, 49~55 (1994).



