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Abstract—Gels were manufactured by the 2-step sol-gel process with ultrasonic wave mixing. The effects
of process variables on the gelation time and the microstructure of gels were investigated. The optimum
process conditions obtained were : solution of 1 mole TEOS and 10 mole H.0, hydrolysis pH=2.7, condensa-
tion pH=4.7, ultrasonic energy =500 J/m/, ultrasonic mixing time of 10 minutes, and gelation time of 6 minu-
tes. Cracks on the gels occured when the difference on pHs of hydrolysis and condensation steps was too
large due to the localization of catalysts. Increase of the pH in condensation step decreased the gelation
time, and less than 10 seconds of gelation time was observed above pH 54. The gelation time decreased
up to 10 of HyO/TEOS mole ratio, but it increased thereafter due to the dilution effect of water. The increase
of ultrasonic energy reduced the size of particles and pores in the gel. Compared with normal gels, sonogels
had smaller particles, smaller average pore size, and narrower pore size distribution. Since supercritical
drying retains the microstructure of wet gels while evaporation drying significant changes the volume and
microstructure of them, supercritically dried samples are recommended for observation of microstructures
of wet gels.

657



658 YAE - ZAE -

1. M =

2eEe] Adgee FRHE 9 uldde) Hohid
S A e we el Aeld, wEA g % A

ARegoz gAY A EEciag 2
TEE HY4E delE AgTE vy sapd ge
gabo] ALk VA NGFYY FeHA P F2
Apd 84 2:2] 714 ZHEa ol fshe] o] Foixut,
AzRA) e 9 AFE S48 Ae] F& F4A2
4 gle A2 Az N AF7 ASH 2 9ot
[1]. 26 4429 A2 AZTYO2 7PsA S
744 A %9l shir} &-4(Sol-Gel) FAolTh

Aol d:Ao|=e) &4 Hee HMem Ed
s chgst 2ok

Si(OR),+y HOH=Si(OR),-,(OH),+yROH (1)
2 SI(OR)4-y(OH)y:SlOSl(OR)gfzy(OH)zyfz

+HOH 2
2 Si(OR)4—,( OH),=SiOSi(OR)-5,(0H) -1
+ROH 3
o714 Re 47 E Vet 4Edql A
Fapol=x B3} ght shpa)] ubgol o34 %i»‘}

oj=¢2] OR7|7} &9 OH7| = 7] FHcH(hE 1. 7
Fag dZAbolEe FIS 7‘]7# Al ZAE A (si-
loxane bond)-& | Fo] o]7lo] ukE e} A-g YA}
kg2 OH~|st OH7|7} T‘é}— o) F+= U AR
(u+¢-2) 2 OR7)8} OH7|7} F¢& o1F=(383)
F 7R wbgARE A Qlch

%A ZAH 2 monolithE Alzd A, AZA &
Aste Fde] 2 FAAH Hx 2], o1& A3
% who g 7z 243183 714 (Drying Contml
Chemical Additives)& AH8-3te] Ao} ml47x

A3 AV 3], £4d(aging) }A-& E31e] A7 ;g
S AY4] e 2dAARY ERAZ %"] 2q)
AEZFAE Adstoiol Yot Aug A %

upy o 2= &A uhg-o) A AT ol upapa L—z—izi-%

upato] ZE Holth5]. &, W] 276l & 715 R8 7}
Qi) 12 sl BEa0E FA $29
287} o} 2ol & o A& wre} FEhurgo]

T
294 Gozd AnY AL DE + JOH67). o
gl AYE AP Eae] AEE 2AFo2M oIS
YIS g AN F Az Aoz TP
3o Ae) wATEE Aol 4 alrke delth
99, GFAo)0} B LT A2 Hol7 G
% 202 ZepA7] WEel GFAbo|Ss} Eubg uke

slztast H30 HeZ 19924 123

1A% - o)Al %

A S ubee F 29 AA A APDc) o]
el e g 2 wbgAHE "R e o Adw
Hal &4 TAHANME T outes
Al EA>e]l HolA slod ub-go] FUANA Loi}A
oz Hh-EAI7HE ZolA ok 22y 4Ee 3
S8 9F Yelx B3 ¢Fajol=r) nhps A
vl 3l 3L esterification ¥ alcoholysisS Z31x] A A
Az-g-g dhslgich

(DA (3) Aol A Hio] 2o ukgol oalja] A
AE7|E ) geba, 2z ubgAle] @Fo] S
Sl ?%’5134'5 At 7l ubgo] AlAtEdW B33
G| =R A2 o)A Pt "}i“ﬂ E ) 3ol A
=4 dFApolent-E EF ubgAld 292 7
FH, (DA 2e 7R w8 23402 5
[8]. ol Z&uel 97t oA Yoz F A9
HEHA] 2A F71 o Bo), gl 2sle] 4
AW 717 28" o dgsie 3 22,
Zdu-Folch 9] wtebA, L35 o) 43hd W3ulg,
Az A, 24 FAAY] 489 FE Ha ¥ 5
UA He HA FA A2E Folxn nExe AEFL
2HE 4~ gled, ol2¥ whHo® Az AL sono-
gelo]2} gl

£ Ao 71Ee] dslgAe A3}7]
2% 2744 A2 E stgch A Z, A3 A2k G2
FAlo g A& A7) YFte] ub-go] Aol njat
pHE ¥l¥e 294 FA4 & Adsigdon, E42 3%
4 Al 255 o] 83l B dFAlo|=E A
Ao AHolFo] FHAY W& ffiEe] Iere
AFE LoldA Azl skeie}. Fig 12 AA A9
FAESth & =32 2803 AR AF ZFY A
Aol vd=n], HEAF 313t =4 2 vz
g AAAE AT o o] Ax] wgql
252 dsE e

gojFol

2.4

Alg]7} otFafo] = 2 TEOS(Si(OCHs),, Aldrich)
£ A3, TEOSY wk-g-714l ol 5A1(C:H;0) 71 s}
o] uh3-& $38le] ZHT(DI-H0) & AH-stqdct 49
pHE =4s}7] $ls)4 HCl 9 NH,OHE AM&3bgich
Ast W 294 2 el Ak el #d
A& 9ste] AslAl o2l HCI H:0E ulo] Ao Q1
ank7|2 FdsiAd E£¥sE4 E3 TEOSS Ew)7t
4:1°] € wj7tx] TEOSE A& o g vlzkd Y7l
F<9lch. £§% TEOS-H0-HCl &2 o)z ot F
F03 etz o] o] Lo 253(4710 series,



Ao &3 deifele) Az 659

Experimental Procedure
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Fig. 1. Experimental procedure of 2-step sonogel process.
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Fig. 2. Crack formation due to the localization of catalyst.
(A) hydrolysis pH: 2.7, condensation pH: 4.7
(B) hydrolysis pH: 2.0, condensation pH: 4.7
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Fig. 3. Effect of condensation pH on gelation time.
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Fig. 4. Effect of condensation pH on the microstructure

of gels.
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Fig. 5. Effect of H,O/TEOS ratio(=r) on gelation time.
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Fig. 6. Effect of ultrasonic energy on gelation time.
o 1-step sonogel; r=10, pH=2.7, gelation Temp.
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Fig. 7. Pore size distribution of 2-step sonogels with dif-
ferent ultrasonic energy.
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Fig. 8. Transparency increase in sonogel.
(A) 2-step sonogel, (B) 2-step normal gel
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Fig. 9. Decrease of gelation time in sonogel.
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Fig. 10. Effect of aging pH on the microstructure of gels.
(A) pH=2, (B) pH=5.6, (C) pH=9, (D) pH=

11
—

A
M

= Si
P:5
. |, éﬂ/
Q
Z
r—
b D
2 V)
-4 SiOSi
=
'—
£ SiOSi
4000 3500 3000 2500 2000 1500 1000 500

WAVE NUMBERS (cr)
Fig. 11. Effect of aging pH on the FT-IR spectra of gels.
(A) no aging, (B) pH=2, (C) pH=9, (D) pH=
11



Ao A% Mg

WstatA oi14]. o]2ld AL o) &ste Mo AY
TEE A37)e 34 54(aging) o2} g} A
%ﬁL‘E% 47, pH, 25 59 J3¢e wow Y F
L3 W= pHolt}[15, 16]. Fig. 102 44 pHol 12
Ao mAfFx WEE BolFo], pHO Z7le ufe}s
d2HY =Z7|7} Fotsle, P27 A7)A He AL o
F ook Ao £4L vlHTx e oedx JRwsE
Fubgich Fig 112 pHe 2717} SiOSi A e 2714
719, SAel| SiOSi peak7} & wavenumberi o) %
ste] Ao Fol Wyl dofdg HelFw gl a}
2HA, 549 pHE 2o wy ’i——? TFE2E FR
Z2HE 5 AdsE Ak 9k

5.4 =
B ATE 71 AR QY &4 THY A4
W3t wAAN S FESE dRe 31 Le 2
o2 sigch 71 A7 Yl ojrkge] g
Ae L NG, W 2o, ApeRa te
FUNES A UL S F 5 AUk AR
BEENE A 233 &

we}d pHE ubte] F= A FAHE Zgsle o]
A sonogel-&* & *156}" o, Foaye] 9js}o]
w2 A 7hg Adat 5 9l dwbHel 4 F
Aol Xl AspA|zbe] 20417F o4 Lo glony
ojctA sonogel ¥ -$4-3F A3 10% o3t A3}
AR Ed sl B71& AR olgA Ikt
Ao g wE USIARE HolHiw Ale] Falio] f
AEdehs Holw, chg& AFAtol| ofste] Hagl o7}
At dubEl -4 FAANAE o ¢ g 475 A}

2 U[o
o @ g ¢
o
o °}'J 20
S
=
i olo
J‘_’.

X,
o
2

=y
“ E
g3ile AT $HoE AT AT St e,
3 Agele el YAHHA FUYE S8 A
fs}ﬂ] e,

%8 $49) chpd 24 W5Eo) e v Al Fxol
AL 4%E Bl ARAE 2UADEY HES A

gatolof Gk B4 Azl Jste] FulD YL

3050%) ¥ FAE Holw, vl FEE 2 WS

B Ao 4Lk mebd, 2 AZTHE AL

HAIzkel FRglo] WEAY 4 aloke Al 33

ol s, A9 DA FEE KNG BES 2L 5 A
Yokt Gyl 9% A
z A

o] ATE AUstel FA GIHARHANE

e9 Az 663

911-1008-012-2) % AbSiFHEY|SA P20 FAEYY
o,

n);

nEtY

L A, 1A%, o)A % : 2dA 8] #atn 7%,
5, 113(1990).

2. Hench, L.L. and Ulrich, D.R. ed.: “Ultrastucture
Processing of Ceramics, Glasses, and Composites”,
John Wiley & Sons, New York, p. 15(1984).

3. Hench, L. L. and Ulrich, D. R. ed.: “Science of Ce-
ramic Chemical Processing”, John Wiley & Sons,
New York, p.52(1986).

4. Mizuno, T., Nagata, H. and Manabe, S.:J Non-Cr-
yst. Solids, 100, 236(1988).

5. Brinker, C.]., Clark, D.E. and Ulrich. D.R. ed.:
“Better Ceramics through Chemistry”, North-Hol-
land, New York, p.301(1984).

6. Boonstra, A. H. and Bernards, T.N. M.: /. Non-Cr-
yst. Solids, 105, 207(1988).

7. Boonstra, A. H. and Mulder C. A.M.:J. Non-Cryst.
Solids, 105, 201(1988).

8. Brinker, C.J..J. Non-Cryst. Solids, 100, 30(1988).

9. Tarasevich, M.: Am. Ceram. Bull, 63, 500(1984).

10. Ramirez-del-Solar, M., de la Rosa-Fox, N., Esqui-
vias, L. and Zarzycki, J.:J. Non-Cryst. Solids, 121,
40(1990).

11. Mason, T.]. ed.: “Chemistry with Ultrasound”, El-
sevier, Amsterdam, p. 6(1990).

12. Tler, R. K.: “The Chemistry of Silica”, John Wiley
& Sons, New York(1979).

13. de la Rosa-Fox, N., Esquivias, L., Craievich, A. F.
and Zarzycki, J.:J Non-Cryst. Solids, 121, 211
(1990).

14. Aegerter, M. A., Jafelicci, M., Souza, D. F. and Za-
notto, E.D. ed.: “Sol-Gel Science and Techno-
logy”, World Scientific, Singapore, p. 153(1989).

15. Strazhesko, D.N. ed.: “Adsorption and Adsorbents”,
John Wiley & Sons, New York, p.55(1973).

16. Hench, L. L. and Ulrich, D. R. ed.: “Ultrastructure
Processing of Ceramics, Glasses and Composites™,
John Wiley & Sons, p.43(1984).

HWAHAK KONGHAK Vol. 30, No. 6, December, 1992



