iz
ofn
rH

LA &

L1 Mizte] Bate] ¢ x|%

A2 Fhel Aol Aadel BEE =goly A
so] FAE BY 2-4 330 VAP Azl G
bk A B 4 vk 9% 44sE -4 8%
olehe o] Hgo| AZo] HEHol, HM3 A
=979 A2lg 27 A BHee] @ A2e dool
g3 ofgx BEu, AL Huvy FH8 & At
oleke Eqee) # ARl A Ao Eatsict
32 4 odrh old @ FWe skl AdEE J8 1

¢

1.2 BXjcke I—I &

olx E7)%el7t £& Hlo] 8718 vEw ¥ d
af Bz 271307t AHgste Ase 3 %ﬂ, e
ol 4 & A s w4 U=
of e 23 Hof wEg the ﬁolt}(vﬁi}ﬂ%).
a2, 2 WEe Algste] 4% gH, A8 89 8
el A% e F, & FARA BES S0 2
Aol (&5 /A=), ol a2 1 d=d 99E &
718 g2 W3 88 AHAM, 438 FHAE FAA
A A=H AEE e (7rh) B e AFY

Alage el Witk Aol o8 A5H ojuw
ofF ANHeZ BY FE U FHIAT, E-4 34
o4 A et Qe 2EAos AF e Aol givke
M golof gt}

gzol=4 YAl vhEe] AU PuURA M=
A s A FHES2A, 27} HIE 1y
o 2 ol ER ol FolA itk vl E-A FHoIA

ARRshE MEEES &0ldl Folde 1nm olste] =

71 2 BAEels B9Eselth weB (5, Add
Q) Folth e BAVI] HHYR)F ol Wgsio]
T4 F9o| =84 (-0H) 24718 BAske Fahn

% (hydrolysis) @}, & olo] Frje] 3| =8A &7z
B e ERxU wixi= SAld F&-iazt B
< FAske ks (condensation) & AXA, HHSE
BBl M2 AZHY Aotve e ] F 5
@A °1MW BF UL € F de Aol w
A, g 7)Y SlolA YD et EAR e 2
23 }0]7]- Aui= AL G50 FH, -2 A B
e g ES 4A o 5 9t

1.3 &-3 32| 3oy

a3ohd, o ndA Mgty 343 -4 3o 5Y
& ey FHEE Brste E-A 346 o
g JAo] JolAl e AL AL ¥iE B9
2717t Fopd W} @A He F7HRQ o5 Wil
th 29} 32& 0|5 S E 1o 293l RoFT Q)

::l,

nd s 38 (B.S)
njf &t s (M.S)
wl Cornelld 8t 3}ghz}

(Ph.D)
Sucixien shaa

Synthesis of Ceramic Materials via Sol-Gel Processing(Mechanistic Viewpoint)
=8N gt o] & 38t (Dong Gon Park, Department of Chemistry, Sookmyung Women’s University,
Chungpa-dong 2-ka, Yongsan-ku, Seoul 140-742, Korea)
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@onventional Ceramic Processing )

nHP

Kneading

Reactions +20H - 2
Involved Hydrolysis

Condensation

CSOI-Gcl Processing )
[ %o 3

Ro
oSl +aHp —» o}su’° + 4ROH

h‘:olecule\)Q “ %
Powder
% g W8 i
HO»,SI—OH + HO—SI»OH  —» Ho>'SI—o—s|>0H + HO —»— li]I,I:r
.19 \04, .19 % Composite

37 1 23 A 35 2-A 33

B 1. 287 A2 40 dsied &4 ol 2& F9H A

& H@3he AR, 3 BodsE et )RH o2 Sk Hgveo
ol Fdsict. ZEAA Aol WeE9 Ao, Aate AdYrideloln Faks #xidele] sgelth

3R | AT AEC) 2 BB 38 AaslE g (RS €5).
270 o]Ate] AR & zH= 7 (multicomponent), & 3%
H gdde 248 ¢ Urh

el 244 SREL e exdd g £

whah, M, eddal, BEE 5o §Ed 49 33 HES
Az F ek

@ | whg-Ee] 7HFo] wid.

g 2717 AL =719 A

RBAZAA & £FHE R #EE Teisio} @)
WEES vt oA 58 84 Vied adith

DRH APy FRINE T BgRe Adomy

B den. mebd, E73EEe R 0Ygd 79 B
EEo] M #Y=EH ol& dHFH oz wiA sl 7} =

¥t W, -2 FAAAE 24D ] S EE AL
&7] B2l Hzof e+ JFEL A, e =
2 £E HF RIES EE F A

3, Az At WgEo| #X

E
o
0
Mz
()
2
®

AzA (xerogel) & 47| A7A]Y 2E ‘?_P%%Ol SA
A HYPH7] H2, YHEZ de Az Ay olg
H 45 ZXge] YAAEL ¢ 78 242 /X @)
A ddt. 53, £ 99 TR WSEEEREH & 2
o] AHELS wEuxt ¥ A$(multicomponent
system), ZLAAQ WHAX = A9 FUAo] Hy

DEXNLED Il A 8H3F 19973 69

24 7 34 2%

&l
=_
=2

2] ¢7] wjEol &b (diffusion barrier) & =&
d5iol Te eE2 Mgk o] B5HY W

’

A FHE B3l g AxAde Hedes 4 +4 A
HEo] A ExFeg giadoe] wiAEn, vl
A e vidte R 2 2no A= TAIZhyYl st
EANES €& 7 Ue FHE A

P2HY PHeAe] #EEL FHolx 1 umHET 2 ¢
AEE 7122 7] did ¥zd zZ7v & 9dA
(monolith)7He- K& = = ¥ | A=

o
F0 AREY 718 WS A 2HE S+
Yt 2 A4 g4e 4R, A, AR T =3
B2 A 5 9l7) wjiel, a7 2914 oA A% A 2
of, @A wWlo| A 7h=t A H| (monolith) 2t ol
g}, "et(thin fiim), 4§ (fiber), & (particle), th=
A nano-particle), 23 (composite) 5 Th%3 &
Fo AAEe 4L & o

W, WgEs] Tbgol aa, YuFe 74
1

7d}.iﬂr7é°ﬂ*1 o] =&
AlA 7]-(:7], \%1-0 e



000
o O
O 00
Uniform Particles

i

Fibers Aerogel

T A:vent

_ Extraction

[+

(o]

O —>
o ©o
Gelation & Sol

E vaporati'oy

Xerogel Film Xerogel

— |

Dense Film

3% 2. F-2 @8 AR FEE S 23EE AR 3l
AZE & A 4F o T AAEE. 23 Ay A=
dzdor -4 FAE FoAME dUD B8 HF ANEES
de & vk zelu, BEY A4, ANES =277t e Asilvt
(BLAE ~1mm, 9 ~1 um 9 FA4) 95k Feo] A4F

& 9g & dke WPl Yk

Solvent

Gel Vv‘aporation

|8

Composite

Dense Ceramic

2 A7dgee] wRHD ev whaled, dHo2 A}
e Aoz B4 4 A& uzE o
FEeHA] Xailr] wEelth. Ed uF

€ AMSIEEE A4EC B £V

o O
2

1.4 #AsEE0] B4
E-4 3ge] H&d ¢ e 2T 1 HY e
HA St 2o F5 Y5t 25 J&8 5 Slo
, BHAl 9] xpo] wjEofl FFA(ShHOl #AA 3lste] 71
AEA A7EHe Ao Fas vE F45E539 v
E M7 =Tt vhotx] FEiukga $EWhgo] W
H =g A AYPH7] gl g XA 7} foldirt
mebA, TR A7AAN7} FAE LS EAE O
3l A= o, vud F AASHA As Hol
ot mex, B 4 bRE dkg oS B Al
EES FE 740 AEQL At A xHE ¢
= A& vg g} w3 olE WFIE
2 F2 749 ddA(single component
system)e]] #HE RAEolgte AL v AH¥G. 74
o]9]e] Ed) st &-A whg, 53] B4 EEe
48] A3 BEAGAY E-A FHE i3t o7}
UEH ol 2A, of R& sy

o £ oo

ol

2
"
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£ oJAE ATEoloF @ TASe] Ael Yrka Holok

g -4 3o 2 e 5 U
B%o] FEAG A £-2

= A 59 HHE AXY. @2
2 R AFgge Afo)rt Qg Holrh

I & d2A AEAclEe] 844 ¢E1 NaSiOsE =
Hole & & & Urh AgAolEs 4& B =
THE AA0E F4dd] & 718l A= 243}
, Tl Jehd $3ke (1)) 938l silicic acidg
317 Elm, ol silicic acid7} -2 ¥Hgo) UoiAiel
2429 ¥REZ A, o] ©9A) (monomer) 2 3o
2%}3} (polymerization) 7} dojuiA == Ro|th

lo b

=

N M ooft fE R 2
o

Na,Si0;+H,0+ 2HCl —— Si(OH),+2NaCl (1)

silicic acid
2Si(OH), —— (OH);Si-0-S1(OH) ;+H,0 (2)

o]glA #@Ad silicic acid BA& thE GeH 9} ¥HE
(2)dl vehd &3e-g AXHA o] (dimer) 7} =
i, oo &% (oligomer)E A ZF A (polymer)
2 ANA 2o 1 AegeHe] e Axe 4712
22 kgl Ao g, =Si-0-Si= 99 E FHujsls}
, =Si-OH 9 E gl AY J&d 74
7 9ol = Y2 23§92 (internal-condensation ) ol 2]
o zE|4d FHAE A =9, wge] A&
wet Ak xRtz zehuAl "o

2.2 Bg HiFH-IE

FEA Gl Ao We-g 7HE A FA9Fes 84T £
Aeo] Azl A F Hrljelr) oA 23 Hg
7t YAt BRI} o] He 4xE pHYL & 23 =
He 78 2 ¥9ez, ol 485 & PZC(point
of zero charge)z} ¥t} &9 F9l silicic acid7} 28
3}5] = whg-e o] JHEH e FAHLE U4 T vFt
&S net doju=d], pH=2.5 o]ie] AxdME gt
4 () (4)dA s} o] OH™ o]20] HAA3t= gt
& AXA dojdr).

o o K

=8i-OH+0OH™ — =S8i-0” +H,0 (3)
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J
x
e $ % Mo, F(“\ = Z g
CR Y sl S g
\’\oz‘q\)& Y\OV&‘OA, A b}-,‘\\ _’;’\ ]};\N,\t —’7\’5\‘”5
T I

Q° Q! Q? Q? Q!
% 3. Silicic acid7} 29He-2 $3lo siloxaned g (=Si—0—
Si=)& WYY we} Si FHe) Bl viE ST 150 R
B, 23ert A wat Si 39 848 QUM Qz 7ich
2357} AYSE silanol, 2 =Si—0OHe] }r5: 2718k A
=S8i—0" & ol&3l%t}.

=8i-07 + HO-Si= —— =Si-0-Si= + OH™ (4)

334 o#Al FAdE =Si-O-Si= siloxane 2%
o] Aol whe} 7 Fa4e FHNEL Q% QL QE Q5
gz Q2 FEske=d), ol Y¥xe 8 39 o S9A
B AF o] 4 FH9] =Si-0-Si= A A+E
YeRdT 9 (3)¥ ko] vheE & el =Si-0H¢)
A%, a0 visleg Fart | Az )7 w2
silanol, & =Si-OH¢] 4E& Q<Q'<Q*<Q%) £4
2 AXI} o] &gl ojn| 433 AYH (74
FERAL Q2 7)) S gA G EY
(Fa 84 QY o €A FYAE 4T ol
gk Ze vt geld, 937t 2842 AR
d w2t 2 ¥He oL B SolLo® YolA H,
A7) dstdom FA A, o)gA, AdHe=m
BA7E #2238 (oligomer) Eo] Ha A HA YA}=
A2 €

ol E E-A whgoA e Fildl M Fr)nER
oMl FERHoR gE 2jold F7AE 4 9
Fo| Fojo} dt=dl, 2RL 9] BE W35 Hukgo]
AP 1 Yuks Holoh FHH F71nEz EAH= &
g, 9ol AAE AL AR A oz sl
A A Heol ohs}, whg (3)31 (4)¢] Hukgo] o)
Al TR guj&o g kol golrtm itk Aot} ol
3 798 &3 (dissolution) 2t b, WAE A7} ¢
2Z7b o] i@ 88 = (solubility) & 7z Yoz
EFIT. oy A7) YR fEEE YAuRY F
€ (curvature)ol] Hl# 8=, T80 F4E & 2%
£ zZter oA T8, YgRle] 27101 A4 E gHlEs
ARk AR ARG 2 Aol oF 100 nmel| w3
L= oS FopAA 9 uhge APNeEd oF F
2 Ztolznt. olzjdt Yalzyld] we gfxe] xjold
oJ3le] dojue @Ato]l A9 Ostwald ripeningo]t}. o}
, AU o8 o A9 YAee] EgHoez &
ANE o, FL JAEL I LI 27} Z7) wFo) ZolA
A& TEAE &4 o TFsH, I U 5L
Al & YRED WeEo, AT A ER)a= Yz}

o) & BaT dob Yt YA 271e Frheke A

DEADED 7| A 8AW3E 1997d 64

Monomer

|

Dimer

|

Cyclic

pH<7 or pH 7-10 Particle

with Salts i
1nm pH 7-10 with
Present A s 5nm \ Salts Absent
pd 10nm B

100 nm

Three-Dimensional
Gel Networks

Sols

a8 4. 78NS 2-2 3L B3l oy dE a4 dgsEa
A7t E Bk Mds. §9¢] 47t pH<T7 Z9dle Ao
A5, pH>7¢ Z¢oll= Aaliae] Fr) oitd wat Foly A
2 4 At} ‘Sol-Gel Science’o| A} &),

o

XN
=

oz

>
%

& Ut

&fo] A= pHryl 780 2 @714 A9 F3
9] B2 Si-07 ol o, AAEE dAEL A=
RhastA Hof A2 AR 3 =JA P s
"ot wheta], fellA 3% Ostwald ripeningd 23}
o YAEL g=rt AT kx4 =4, 2
YA =Z717F o 100nmg] A7 FRo|=X YIS
Ze HE7E (oS 2E ¢ don, ole iRiges
o F8&3 AHEE T k. o] 9hzio) YRpEo] FUE
AR Aghhs & Mgt gASo] ghd s
ME2 58302 Aehy) wild], o7]d dalde 7}
3to] 4t ¥ At FHAA FA, YAEL M2
HEE 7188 20 =, YAzre] el osiA
PAES M2 AEET] AlFR. o]elgte] JatEe] A
2 A2 AAEEA AR AR (network) 2
G Fs] AR, ol &Y HA = (viscosity)
g ®olv 275 7HHel, HeEe Hebd(geh 2
HHAA "} goe] Ater} 2<pH<T7Q] FHINAE o]
e Aol ol olddE YAEAY] Lol
EE7E 24 7] W2 A e 7k fole YAE
o] M2 dZ= o] Aie dA Ho.

AolA 714, silicic acidE ¥HEER 3 FgAA
Aol E-A weg a4 Md=E I8 4 A&
o F&de] Prs} dfdL. R E Al & 2H
shd, dFe Fejo] 5P (hydrogel) & FAME F
on, o]2RE MAdH oz {43 oAVA BR AX

g 2g + AUk

2.3 MY 2

HAA A= E Beollxet Zo] 937} Y3
oA Wz A S ZHElE 54T Fel9) Zoly 2

i)

o
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[Sodium atumirate | Sodium silicate

Water Water

Aluminate Sclutiory

60 T, dilute, slow addition

Silicate Solution
60 T, stirring

No CHSH

Colloidal Aluminosilicate CHSH @ }
&N HC ~ Honeycomb
Aluminosilicate  Sol 1 Heating

Forming (Extruder)

Kneading
Aluminosilicate_Hytrogel SR Catalyst
{Hydrothermal)
Filtering Healing
Washing Impregnation
Drying
e m Support

[/\morphous Aluminosilicate Xerogel I Powder

38l 5. 89 E-4 34E St vZEAA gFv=AAoE
AzAg g4k, o8 BAR ol&3td EFuE P AMd=E.
H3| (multicomponent  system) 84 G 2 2] 34L& Azl
7] oly7] W&ol F2olzA A e A ngHE T3t EF @
8 4od. §4E EUARERY J¥9 43 ANEE Y3
X gHAZ g Helrh

2 92 FE 94T, BE AYHonE o 19D P
2 H4E & Yok ol 53 YelAol o ge] TN
S$E Ag Aisd oD, £44 A8 5 £
Ry du A} 2 BEolsy Fde o,
ol . (peptization) ehz FFE AR A wBAU
AFPAE A F, o] Pojzl BAR 2HE 2
£ sind goo) AEE U5 Aok Fee) Folut
Ag Qevh o HuAzE F2 480l AlgHE

=
o, F2ol=4 F@o] 4 WHEHAA &Y FoT
oAl ot Eo7le A ol gdte Aott. o] Il
AL ZRo|=YAe] 24, AMgsle Ao FR9
ddA @, o= B Wt 2A #FEH7] Wi g
Al Eert gEw, Hyy dna she F448HE0
T 7H oldel E54EE 7 g BedE uS
o YA Ho] k. old YA FHE AAH &
WY E-A g Tl mEAAY @Fo=AelA o]

LNy =
EE de AYe a8 59 §4 Mdsed Bl AN
EQ RulAAole AzAL Zulde] @A (sup

port) 2 AME3l7] 9@ BAHoz T A9, AF
vEH e 5 25488 e A$EA, 4 F
SEe] S 710 AP NaySi0;9 NaAlO,&
747t Eol w5 whe(1)elM e} e ahibgd) 2)sld]
LUt olFA e T &9 HHF Ygoz P}
B AR Q1 2h94 FRol=g Ade ¢4 dHe
H, 25 ol¥A 9 TAARE EWHo] 10m¥/g of
stols 7159 AV|REE BTl Fuo g@x 2 A
&5l HetetAl 2 5L XA Qi wes, A
EAE ARl Z2olm g SuAA e A4
o FEE AL A3, Al o] A FrIE r}Ehe
SEUES FEAIIE, 99 silicic acide] 7ol A9}
ol BFAEZREH YAEol AU olE YrHE

=
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U
£
QE
w
3

i
S
9
o
BN
~.
m
o

A (impregnation) A7 ¥Eg-Ado] £ ZujA| ({F%
A )7} Hed, AddlA Fae vEAd dFRvxed
gAlolEx 21 B B2t} 7] Fof Holgdk HEE
& AAANA, RAAN ] 8 CHSHE &8 &8

d3sls JAn @FAZ 4 MU= Q.

hu

3. 4TS UM F-A 3

3.1 Silicon Alkoxide

d3g fojolA T E-A FAHAA AMEHE v
SEEE J=BAII(-OH) 2 A$E + e U=
712 Qe 7HE £4-67]13H8HE (metalorganic com-
pound) E°] AM-EH =, 4FA71(-0R) & 2t alkoxi-
deSol F2 AR, F40 Agole F=SAIE A
#9 5 & vslel BN (-0CH)E 7RI e
tetraethoxy orthosilicate( &2 silicon tetraethoxide),
T vl WEAIZ](-OCH,) & 7FA3L & tetrame-
thoxy orthosilicate(&2 silicon tetramethoxide)”} 7}
7 RIEHA AME e, o158 44 TEOS9} TMOS=
gt d3g fule olE weEH B Wi TF
£uf (cosolvent) &g & Byt opg} 7jdHos A
= Gubgd wgER FostA o

FE4A3 -4 M T dFEY R ¢I g £
A= BE g2 vt FolojN, IR}t whed
Aol gl AuheSo] A3e A= APdde AL
o] Folot Frt. whg (5)olA (7)o AA silicon
alkoxideol] i3] ¥3& LAGNA Holth= WM EEL B
o Fu ok 7 ykgo] 4% HER Fr|Ho AHNks
7} ukg 2F7} o} dojdrhe A fosie]ol Fr).

=2

3

. hydrolysis
=51—0R + H,0 =5i—-0OH + ROH (5)

esterification

. . alcohol condensation
=S8i—0OH + RO-Si=

alcoholysis

=51—0—-8i= + ROH (6)

. . water condensation
=51—0H 4+ HO—-Si=

hydrolysis

=5i—0—-8i= + H,0 7
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Py Ho* ] &
ry o WH o O
Ao o » ) I
“Ozslg CHY = no:{sv-on‘ \—->.“($\ ?‘((sl—oﬂ‘;_b né—sl\»on +ROH
» L [¢)
< =% £
{Acid-Catalyzed Mechanism
n
%\ g &
HO + RO~SI-OR s Ho—f;-on e Ho—steon + or
»
o I
& T g %

Base-Catalyzed Mechanism

18 6. Silicon alkoxided] W3 F&hukg-o] w7l Z. A D
A s 2FA707E £ 08717t =3, old] slERgEel
(H,0")ol 9522 olalsiel xgs) Soi7t 3 gixisist 213
gt @714 dddMe JFAY SIS AE =Fajel2s
(OHT) #3)d wheol o3l &A]7]7} et

9 W8S Zo)A Si-O-Si A& ALY AUS @
o ZgaE et o) FE Wee sauteT Sy
2ot} TEOSY TMOSe] Ed] th3t ‘%‘}%"3% oz &
o] opjolx], +ahite g HAsje]
Abgatofol shetl, BE olu 9718 SujA 2 AL
. Zoj2A] e AHEelt 9718 AHgshmub) e
el whgEo] WA e vz DakAw, ol wa}

43Hom PHHE dade Y4k o8 B VE
& 9l AEe] S4E0l 242 waxA Bt

33 WS oislUE

-4

Z9) oJHME B dTL W) uﬂ—:iroﬂ a @47} w
£ gl U £ sl d A" we
Bl Ed BT Holm FrA] o] 35
Z1Em oy, & Ao A4H vhgEA HeEe) &
T 27| g o= vyhgFoe] wela 3
E} 7 RHA S g WolEa Al e F3kE b
& J8 69 AABE. S3ukge] bishiEe a8l
7oﬂ =ad oz Yeied, dEe A0 =23
7 @VEW 2o 2 UFE 71Ee] pH=79] opjgl
Wﬁ}’“ﬂ pH=252 Hol folslel. a1 Yehd
H7AES pH=2.5 o]e] 27N FLH¢e 7401'6}
pH7} oﬁo}xdit} 2 27094 F¢kge] W E
FEYG E-A oA e} o] =8i-07 Fo]eo] E}
E 7425 A3 Borbs dF9 IA vhgoz Yy
w pHgto] 25180} e AddiMe dARl 2sly
ojgr|7t & HolH WiEE = AEE X
& 34 FE WFIEEL ¥ (5) (6) (7)
o] AeEd BAE W v Eo ey &) I
AL olF AANE ¥ HFEES Sl e
Ao B4g dueln =3 oy, a8 junyx 2
g AFAEDE A e, ole ggdl AAske Gut
< WA EE 283 W] 2ol o whe2
(8)°M (10)efl AAE ¥hg A Z e G971 =7

DEXDED IS A 8A3Z 19973 69

% 3 &
Nero > N N 4 .
=SIO” + ROSI-OR 5=  —sl0—SI-OR == —SI-O-Si>0R + OR
’ d 77 A ‘ Y
L3 & % %
a8 7. s olgel pH Qo) s3wg nshIE. B
Azjol SJ5jo] AP =Si—0~ goleol T Si F4lol B g
A4 9ee 9ol et =Si-0-Si= 2§e e wedH B
% Sig S4o= AUE X wdo] opjgEnh

A9 Re(6)H (7)Y dntgEo] Y WIS
& AAE Ro7A, o]F WS Ed 9 oplse= &
Aurdel Aake @14 2NN FBEA e g
7} g9 3o A% BFETE Aol Z, ol WA

A A L3} (dissolution) o] &

ROH + (R0O)3S51—0—Si(OR)3 ———
Si(OR), + Si(OR),0H (8)

Si(OR);0H + (RO);3851—0—S81(OR) 3 ——

Trimer + ROH (9)
OH™

(8) & (9):2 dimers
ROH

trimer + unhydrolyzed monomers (10)

9] WHE-(8)olA B =B A7 <l A whgEe Si
ZF/dol ¥Hd (inversion)& -F3}7] w&d] Si 3887

Q'Y W 71 whgo] Z dojuis, whetd FAo)

2o

= A&A o g r) 2FEA B
34 U12E8E
17| 89 ol&

Fohike, S, AN St
o] Ao wal olPA WaleEAE HeF= iz
E ANSGT. Fahige pHrt AU 2 DA @
g dojdth ol BE, YoM AAH v wiFhEe

st HA olsE & U 7:340]‘4 Zguhgo] 49
de F3 45e] pHellA Hd whe&=g vehiA,
1 ool E714eE Zol we %—’—‘T— 7t 543 A
E 4 o} o= pH7l A ojifoz =
Ay =Si-07 &)

I

WEsE A, GH FEAY E-
| WA el sl 2ydse ‘:* ol

ol 2, of

1
BREE BRI ol Gr1ol F7Hgel et gt
&2 %%7b F7hshe @49 2R A7 Aok
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g b 1E
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g | Rlca 19
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~ Nucl. Gwth
Ripening
1 1 1 1 i
0 2 4 6 8 10
pH

a8l 8. Az WE dledsel Wl F3luls(H), 23ue
(©), #aite(D)e) £58 ekl £Ea4, olgge wesrol
Aol7} Gz ) b R Ao 2ol AL e G714
G QdAztel whEE Zrlz Szol=A YA WA
‘Sol-Gel Science’olA 2H3).

oJurgol ola) 47 Sohte DAL ol YAED

¥he-3led Ostwald ripening @AMS &

shgro] pH=25 olgsl ZlA &

FTE AAE e 4L Yo vEE g8 Al ¢
o]

Aol ZHA He AR Fed 2 9%E A
ot

3.5 ixlel MEHE]

A9 o2 -2 HgES AXUA AHHoz &9
M E dArge] At 24¢ 43k, ol F &4
S 25 A ATzt FAEEA Ades A
olledl, ofd Hx 7 At 4shs Heol wa A

=
de] 4o A "ol weld, dzle] e
z-ste ol -4 g YRRl & 5 ot
o] dwsl= 4ol kinetic growth modelld] (12
9), ole AFEANA ©agA, o3, A3 E 714
Hog HAs T, oo 54 vhAe Fad T(ys
4 A g -OH7|9] 5o vl4)), 24 27| (random
walk) o] wet ARt A JAE 719yl whHo
2 717] & oA ojud YRt s EAE 2A}
Bl3L o] EAH (fractal) o] 4Zsle £73 3 A3
o2 AT THZA, I L gAY HFE g
Aol Jert s AL & A9gs) F1 Yot o
ol Yztsted, 2 A A FEIE B AR o
B dAtel 43w 2 Asgdos 9 5= ¢zl
HE 32l 99 Al AstY T
] ] Jztatd Z7] tE FHzANA Eele
datEo] o FE 2 HF=RE G4 4 duk o
AP olste] Ao satytgo] ul g wal Ay
= W 2yuEe =2 Yoz (3] 8o 23
o), BhgE7)d e dE s BT 3lEo] g=

o 8 o

L
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basic acidic
Reaction-limited Ballistic Diffusion-limited
EDEN VOLD WITTEN-SANDER
\‘l Wt
. g dd
H>2 —5:?? s et
’ e e gt
3
D=3.00 D=3.00 D=2.50
RLAC SUTHERLAND DLCA
& ~ 7
) ;}1'? 7Y e
pH<2 ‘z?’ .-}j}x'“k %, ? o
p MR, 2 ‘53,- ¥
¥ M%,,,
D=2.09 D=1.95 D=1.80
high water low water

3%l 9. Kinetic growth modeldl ¢Jztele] mAMS 27L& SN
A 9350 % Ao 4% wsE 2 1 ). 7 e
Fdshs 434 vE2Ae F99) 71esslth. ‘Sol-Gel Science’
oA ).

A7 BlESAE =S A 8H T, o)F ¢ +uid

dEAEo] M2 FAHBA cluster-cluster 3o ¢
sted o9 A3 P22 e o] GHdA fafurs,

2
g2 Ao dojuA] ¢y WEe) 4t FAhH
= O o) ARA i w9 HYsict. a7l ehd
D3k& fractal dimension®. 24 1 7} 2248 471
TE, F55 2FF 72 oFsld Hut g
olfe]l dHdME FEuteEl Zgteo] FA|FHo
Aagd But ohey, Laluhsol Qs A DA Eo] AL
FEHEZ (Y 89 93le]), fdlds 22 &
o SRBA7} FAHAA Yate} 44L& monomer-clus-
ter WAL mWaA =Y, 7lE B9 Folut pHE )
w2t o Felel JRES A 2. d8 B
pH=7 o]2] 44N H,0/TEOS=4 oj4e] FEF
2 3lg

22 7l FUE B4, A BE EFANES s

TS AA S EEAVR X3E F 23Pnee B AR
A, Gubgl Safuteo] oaliA] T £ 2o T
A7 RES] FFE. old wal &= monomer-

cluster W&o meat Jsted PE T2 YAE ¥
Atk a2y, ol B 4 AA s (H,0/TEOS=
4 o8lg), ARhde 729 &ol #3=Ex ¥ -OR
2Ag7150] 710 S0l wie} 2y E F2E A F3)
3 Ape] Ajelofl Fzto} A ol=AE A F2E IR
HAZE FAEA Ert. B Aoz HolsHA o
A A7 tE FH o) YREe] N2 FEF] 4
ARTEE PG, o5 Ful9] Aold ol mj$-

2 S4e e A A Ha, o]2RH e 239
AAEE A2 F A =He Aol

olet o), -4 FHNA FH=AL - 9
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OE Feio s FARe| me ZEF ohE §4 ¢
FA (alcogel) & A k. I & 4 2A, B& A
£33 20NN AT Ze] YRS o8 FAE WS-
N FzY ARG E e ¢IZAE 45, o)
JAEL M2 BAAAM #FS So7d 5 A7 dEd)
(¢l 9A=Y EHo| F3iEo] QA @7 g B = 7}
3], o] & sticking coefficient7} ¥tz dhc}), Luf
€ AZRAA S o ¢ 239 1dze] a2 E FA A
Hot upetd, ojejdt Helof YAE Ze gIAL we
ol AiEde] MAFS At AYgs 42 7
A =9, 83 #al, A9, e, Algele] 59 73
(substrate) ]9 dippinge]\} spinning #Alo] ¢]&le
ek szl ol B2 AHEE& JRXZ Y o
A 2A, pH=7¢] tgt& A alkoxides] #47]4
o e B0 BE AMESi(HEFel AS, HO/
TEOS=4) 3A 3 Mg,Si0, (vl & : forsterite) 2]
Fud 43Ag Hz]EZe]5 99 spinning WA 9
sl uimlo 2 3|WA| elipsometryz uighe] EAIES
Z24¢ ad=ZE I8 100 AAsk,? 29k @4 42
T2 YRl FHA nize] vuebg FdsE 3
< THF oy Yepdn). JdEda B 4 e A
2ol, o] 2NN AT LIAL A28l g}
spinning F3& AXH, Hsk= 49 wuke A 4
Asdl, 71Age] HRA, FREY, T4 FUAY Fol )
G G d Fdel guEto g2 wheox e Ao] HRHET,

W), £ pHEHo|L & Bo] AL&3 gdoA
2HE FH dAE FA, ol YAEd s
BEAAE A2A L S & 749 dATZE 71,
I W Rl & porosityE 71A]7] W&o del7bA] 54
T Bloz AL £ Yok d2ZA, 253 Az
713 g, el g4 52 EYE UI5E BAe
H4E F gon, 7150 B EAL Agsld MU
theA wete z gasy|x dit

3.6 2% (Gelation)

>
Rt

¢

la

FEHL 97 Wy 324 ol Tk olgiRe Ay
BE HlA B 2 SYAHPA) AaHE ATt g
o 5ol o 2 e, Y9 FE ol B
& 2o Yy, JY B MRS 4T ADED
A2 WolsiA ol Wk weA, AFHow du
A s AAES] ERo Wt B3 A Aole] FRE
W3] Folof shd], 1 o 2A, Y7} sere Ysle
A%, 9adY HATE UE AolE 83 YR A

IEAIET OlE A 8A3F 19974 64

5000 RT
4000+
—~ 200 ¢
oL
w3000+
2 400 C
X
.8
£ 20004 o
600 C
1000+
0 : T . T
2 4 6 8 10 12
Number of layers
- ,3&% S&SO]
A %&f 7&2\;% Herot T P rene Thin Film
L ——
Spin Casting Heating

& Sol
9 % %9 Xerogel Thin Film 0 o il
S, o o BENIE oo
@ 2 v 3 ou.am
Spin Casting Heating

a7 10, 32 4] B AMSl] A3 47 P29 YHEE o)
Folx dIAE AMS-8l spinning "o ¢33t multi-coating &
3, elipsometry® 1 FAIE 3% o, ol 1¥-e Uxte] A
7H A7 FZAR oA UHH FRIR|o] wab wteke} EAo] &
2l A e HoFE fdsel)

Qts]7] wjRol] fde] 2 E HAsH ZHFsha, =
AL B3ls AT 4 At g FHStdol kAol ut
B 8 4 vk o) GUdAE A & A=
TEE Eo44 2l 4L F4x F Ao}

o] JASgME, 49 FHEHE ¢
A= gEl, 4A =279 dAR Aehd oo
3 gutgo] dEHor APE T Y= Borygd
B2 Aoz A, ¢ Fed4 -4 e
£ D wWE gzt o8 Ao Ak %
o AT A= g HE: REAE &9
231 9ol wre 8858 Hol: ¥ Hlo g L3y
Ae FEE P9 FES AT dolr 2L g8

ATHOE 11a). o]# 3 3l =folo)] oaled izt
=29 FRAA datgo oaf g9 dEHse gzt
7b B FEo 74 Aukge] sl i) AFstom
A AR PRt HEFRR] O S EEAE e
7HA 2=, &3] ol ‘necking’olali: YHE=TH Y
11b).

3.8 21x(Drying)
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Net transport

a8 11 FE9) zolo] & gAT zlole} 1o WE F3e] A
& HAFEAEE. (a)v ¥ FEE 2 R () dA DAL
ol 19}, 2o FEL e BE(Gr 7 oAl ¥kl oiet
Ed9 oo dojubs AL BaFET. (b)) 19 2L 539 9]
Sol wet SN ARIERR E(‘neck’)o] FAHIA wa}
Augel AzFrzrt gEire AE& BdFol ‘Sol-Gel Science’dll
Al ).

+5
Tz AxAFE B3l FHE ¢2AL K43 I
AAgEoz wiiy] fEME E71gEd0E &g A
Asls AZE AAot e, BE o] AN £F
(shrinkage) @} <€ (cracking)o] AAA Ust= HE
BAES 9EAE 17 a8 dAe g a7 129
AxAPE TAF o2 AASH =, fao] S8
w2} constant rate} falling rate?] T 9A|2 AAA
Az7t AYPAdh fujrt AT SE2 FEshe con-
stant rate G M= dFAN} AAFZI} oA
A oA Lufjo] £50] it AN A F
AFz7 Aoz 43 HgE $EHIEA A F
FeE adz A au, o= @A (eritical
point) & A, ARl ZBErt A o o]de £
Fol Zusx, &u)o] AAHe] AxlTZFl o3 AP
71$ES B3 52 59718 A meniscus?] F&0] F
7}=le] capillary stress7t 4714 @ct. AxFEz7 &
dete 71 2717 BEYE A8, HHol & 73

o guh7h 2 71 3We) gofel Hsled o WE S22
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a) Initial condition

Liquid / vapor meniscus flat

- P i - Pore liquid

Solid phase

b) Constant rate period

) ,
ey i :

71
\|

Shrinkage

¢} Falling rate period

Maximum capiliary pressure:

- (T %PS
[~~~ VP
Empty pores

Minimum radius of curvature

a8 12. ¢zAzRE LuE AASe xS RAFE Ad
. Constant rate 9ol = o}2 meniscusd] FEo] HA| go
o, AxTRE AMBoZ 4590}, Falling rate 4904 AzpE
z7t o o4 &% & ¢l ol wet, $oi2] meniscus?t 71FE
& B3 Sojrh 1 g0 745k capillary tensiong §ursic
I A3 ol AFPHT). ‘Sol-Gel Science A &

wElo g 7)¥e Alold| F31 capillary stresse] jo]
¢}l tensiono] AA71A =™, o] capillary tension
Ao} A= Alole) FEol AMAH FLo| A7IA =H
Rolct.

a°1
steid $A falling rate @HA &
meniscus7t e ZEE A SA(F 71Fe] A
71 aA slo) capillary stressg & F31, =3 23
A7z o8 FAEE J1Fe 2718 #YsAl 243
o] capillary tensiono] A7]= & TrolEu) =g B
4 ARE Bl QgAY 5¢ EEsH 9 uiE
tensiono] A7|tetxE @do] 717 & ¥ £ Urh
L9 surfactant& 7}t o7} 2t= interfacial
enrgyE TaAA 7]HE Aold] 531 FAEE tension
9 AVIE €9 F71%= k. 4% DCCA(drying con-
trol chemical additives) &tz BH3h= FEES 40
o E33le] ARR-BHE, oA E bl 9% autE o
5 E2 ARE SAY UEIHA 7Ee] 7R gL o

Polymer Science and Technology Vol. 8, No. 3, June 1997



A E A& F JEE #HEd. DCCAZ A14H+= 3%
22 = formamide, oxalic acid, DMF, glycerol %9]
=

3.10 AN HX(Hypercritical Drying)

FEEe B A F2E AE £ s WHeR
AAA Azl 95t &oiE AAs= TRE E F
At} olx &u7} JdAGH ] 2sIH AA 9} 7]H 7t
Fdo| glojAl = S o83tk AU, A} 71H ¢
o] gloj A wet A7 V1A g o
£ AE719 interfacial energy zto|7} flolAls Aol
A meniscus7} §1o] o wa} capillary stress7} €1
oRHA FEL EE FEHFAAIA wiAEY. ¢zAz
2e dAS AZE 93t & E AAT 2 A
oo} 24 (aerogel) o2t g}, A7t dolzAe] He-
AZARNA dojus 28 ~20% o3, 1
Ay doj2A e YWyl vlg @i $& porosityE 7HA
i glen, WA T3 o 2 E4E AL vk A
g7t 9oz Al TiO, ZrO, MgO, 19z o
279 EdgS AslEEC] A AR 9std o
olzAdz wtgojAnh. 1 & 924 MgOe] dojzdg
e AEdEE a8 139 2tk TMOSAA e} 2
o] F3e-& AA J=EAIV|Z XFE F U= WEA
718 Zte Mg(OMe),9] 43& &) &S 78l &
3rea H§ukge] ofdted Mg(OH),ol ¢434a& 34
g}, $4E @2AE 4HE7|(autoclave)d] Wi ¢
229 YAZZAQL 265 CS ~1000 psio] 2294 =
AN &ulE AASH, Mg(OH),9] oojzAe] o]
At} o]gA @olR olejzAe gWAol ~1000 mY/g
d cl2e wg JhER nA2A Fxrt sy gl
BE BUFHE AMEEHAY F71e] AEE a3t ¢
dlA d& Mg(OH), dloj22e 500 ‘Tl Qxel&
AAE F@Fo| ~400m?/gel MgO #ua dojxin}.
o]FA ¥ojA MgO+e HE AFYA =717 4nmY Y
=YAE FARA FH wHgAdo] Z7) W B ul$ B
FE9EA 2 882 4 Urh o)JFA ¥& Mg09 v
YAte] BEH Fe,03%& A8 CCLet A9 A4
oz vhghe Aol wAALh

3.11 71

9o} gheE2 A2tsle] uintga Suke-
B3t gAEo] At E4E P ol YAE]
Az A= A AT 32 S FAshd,
ol25H AxAAY L T &ulE AAT AxAol Y o
o2Ag dedt ol AAEFAE IE ARE &5
QAR B 7R E AR F AE 5 Y. EAle
AollA & (5)ollA (7)ol AR WHg-Eo] £ Z AT
dojud= Aol oy} AxAeln) doj2a 7 ol &
W7t gl A s FgdActs Hojth oA f7lx

H

o

¢

DEXIELY Tl A 8 W33 19979 649

N

MeOH

Mg(OMe),
H,0

C Mg(OH), Alcogel )
MeOH<-/ 265 C ~ 1000 psi

I Mg(OH), Aerogel |

500 C

I MgO Nanocrystals J

o K

8 13. Mg(OMe),& e zdle] dndg P8t ol2NH
Al Az ojstd &g AAToRH dojzAs Fehs
M. o|FA FAT dlojzAdg FAelE 729 MgOe W=z

g gt

27} WO s o) e oM u|E Y E
A2 QoiNHaE ofF QAT A} ohE AL
ofmlgr). o8 § ol fuj B Ae) RE 9o NgHo
2 AR 4 e TA ARES I7] A E A
24e Bl oS AdE Bes YL Adok @
oln] Az FFF Fo| FZo] AYYo
, AZAL 2 AA7} vf$ 2 porosityE 7HA L 9171
2o 7t gol M v B Eo| o] th] AYH
olFA FEEE oM YAEe] URE T =
Theha ASo] Weple aAE Aety 2L 53 o
Auch o ¥ U APule e FT . ma
A, BE7} B3, 240 FUsH, TR S}
Fe Aeb gUAE Agshsy 4257 289 5 9
o} ey gRe Folol @ e ojn] cjepd A H Y
%ol &-A g 539 de AEReEHe vt &
SUAE 717} 47 2ris Aol BHoE wols
ool = v ¢ Imm RER, 1 ol A=
T gdA disiMe F2Ae] WHE (warping) o]
A dolur] o] Agalr)r} ol dy.

sesg

4. S2]ME (Single Component) 2 25K
£ & (Multicomponent) 0 2

4.1 2HHH

Z-7 3] BI A RE WyIEH JA7A
£ TEOSY TMOS=z R dzsls g3 Axd &
88 3ol AFHA A, ok eSSl mex ¢
otx AEr)7t Loldly] W ol m AN, FEHR
o] & olio] HW ¢ o]4 Azl Mg} o] Z-A v
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SE°] ngA dYsA] gevke Aol 424 o=t
g5 ok E ol FH4EE 2e Y4ES d1A
g Q(EFAD), 71 A7t He AL 74 ve B54E
o] g2 WE £t HINEY £x71 M2
gachsd Ao S9EQd Ao ol 3 dEe] W
&L on] g SIS AH A2 4
Wl e, 9 A BHEEL olHE IS
A1 & o ol Bf WL wr mE 1EE
& 7HRlE B8 ¥R 4HEEHA e £8 A
2 st F7loks Adoz WoxA o A
Hogol dojdth. A= & 24 TS AA L,
d¥ 2o AL Hold de + g B 2 9=

A forsterite Aol A$, HvHEEL Mg(OMe),o}
TEOSZA Tl tid vgEZRE hgo] Azdr).
TEOS9| Z$oll= =3hukgo] it whaAo] Yol 2
E eEe] ¢ =gA == vhE, Mg(OMe),&=
] f4A 2= oz TEOSH Hlsle] 4 war 53
2 35S AP gepy, GUAAEA delgte
M xE TEOSe| aihg-& FZ5h7] 3 4tol
v gd7] EulE AME3PH Mg(OMe),= o BE £5=2
F3lxlo] ¥rez7|d FHom HolA wlelx, £ Fo
T oM E F3EA X3 waLdET @A "o AR
o3 Hdel7t ¢aAR vjadlAjol Ade BFdd £
Eo] @ojxn gt

4.2 2UHE /XIs= 2ol AU

oj¢tgto] Mol e AL 9] HMe F
712 e HIEE AT F Aok AE B

o

71 (modification) & £3le] vheEo] 7= 33 2 &
ekl ot e e 23l ME vl S5 v
S0l AYHESF RHEo] F& Aotk o] W dg 7}
2 EHQ A2 Ti(OPr),o] AL 5 4 AU
t}2 alkoxideSd) s Ti(OPr),= mj$ whg-do] #

A E-A 33E T3 <d2AEL U} BolFA Yo
o, B 2] 2 JiME PHoz dojA s
AE FEE + vk 2o, 3 EolEAQ acetyl
acetonate(acac) vt Bl # W&ol 73t acetate &
TH(OP), 3} MeAIA Ti 4 299 2in=se 42
s, wheAde F78] Zastel TEOSS} 3 -2
TS AM B ¢IAS FHY 4 A "ok
Ti(OPr!),¢} acacg 1:13 ut

3 =3
T e et A Ed 4olx el A=A o

T OE stute] BHE @H] gheEd dsiME v
g FAA7E BAd tE wEEd daiMe vee
Walsts 42e 7 A g AMgshe Aol o] A
ol i3t 2 4ol E forsterite 4] ALE =
F ATk 71Ee] 4 @) FojzE AL Y 5 o)

Ed old Bede HO0.8 Fulz Aot A8d
€ WSS oy ¥EAA Fskot FH JEFE

OOHE #A43dld wgAde ZarlzId, FAld olFA
F4E M2 3ekFo] TEOSY aiuhgol it Fuf

€ 3t TEOS| w34 F7HA ol F wheE
o] HEEEE Hs Rlsy Aoz Btk FEyA
& FAA ¥3 H0,&8 FuiAlz st = mlodled
Aol Ee] BHAYE dRZe BEM BN Wl F
otx ¢ FHIL(FLE 2HYE ¢ F I, I
24 AT AY=E 7T glen, AL S
2%e Jdlz /AT s Aol #FEn.

5. &-# 3ol 21 U= AME

5.1 7|A1¥ &4
Sl Ax P HERGNA HedtiRe] E-2 F
A& Fotd Az ARELS 2 71AE Bl F4 &
. 53, 71EAg & AAA ¥%E A9l 71AA 54
o LA, HE FEZt A2 A ddA 52
¢!

o3

AET ¢ Ao sl d&FH o3 Agsplde &
FARE < Aok 53], f71nEA whgd o F A
e 2o, olHE £-4 WEE, 53] gukgse] A
& doid e EAHE e HHES UET o
o ol i o] o ¢ Hrt. & Eof 7HEAA
& AAA e DA HEt T AEFS Aol &

718 gad, @A ] Sl Ag #F
g 7 A HEIHEE AA AT HA, e
AN Qe Zo] grt. dejgte] Ao viny 4
A #71ZA 8] AAHT Adxde] IPPE 433
E& Hol7] Bidl, 42 Fe7t F1 gYA st vE
™, 7HEHY e AR AL JIAH Bl ¥3
T AAES EE 7 Avh 2, Al o)9le) dE
TEARECIY g8 FHUSES X¥ste HEdly
AolE BEAE Jtdste ARAA FUIRGEE A
Ast7)7h goletA] gom, 7tE F Hoigtart o} 3
A 549& veA 1, A% Ao A EAs
WA g e R, T ol HA Al
Hi e dEAES F2 Hevte] FeEo U
g Fe7t vlAEgey vt Ao At
9 2717 A7) 2o A AMGEL vy BA47}
HA et} olH olffzE -4 e F2 uwae
A=z RN 7P 2 A€ 7T U 24 =
-2 330l 83k H4E 4 e Hoe vARY,
U, HlaE 57171 Ze gddRe] Iedcin B £ 9
o 53 -4 3L T3 AT BU] AsdE
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AF Yo 2E A F fle £59 7Y A4
E £EE JIRE A7) i B FH YA
1A Agle gAd v)dle Wl¢ B e VA1
A, T I olfZ B FHEC] dgslEe At
2 g 2A Aol 22U F AXNEEEY L8HE 7
Ax, A7 ESE 2A Yoz I = FE AR, L2
WA 5& 2 d2 & 5 Arh

ojgte- 7IAE Ak IAE ZRFo= Ao Hy
7} Fhe] Be AATZRE 2] Eo|n, TAPNAE
ukg-o] dojd 4 9l7] W golch. ojele AE FH}
7] 93l A EEHI Qe AFEC] &9 HHE(compos-
ite) 2 B3 AAHE] A& MAseEs =¥olt). o
B389 P4 F2 7€ IR fUIES =
o g FAEE o] 2= A9 WS FE3IY
 xdolth. F7)-f7|E3Ed Ui FA= 2 AR
o gsle] oA Aolmz ) A A= AR
oy, HAl F71-F715HE #E dTE E-24 slE
Pl FEASL e A2 A7 FHozA, o)y
B BEEo] AlYEEY A4sHT e Ve, ¢
ozt HS B F& Al ydHe 49l

5.2 Tojeta

Z-2 3RS Hgse /P RAEEY WHe -2
ZAE E3ld 2UABE A3, o] E 0] 43}

B =

247 52 £ BEE 48 ¢ U ¥H o,
538 54 4E-€ E£YsiEin T o FA 8 FLsHl
E4E & s AHE M dd o) BHEA
$, BEE BB T fr]E0] ti dollEEE,
F&203 o)X nHAY A2ty FHAAMY =
& LEFXFAAN BE AASHzRZ FAV =HA @

ay, ol BHEAQ FHgodd ~900 CTRU} W
2EZAE 978 5E3 A R ERERY
g AdusEs A48 et @ 4 ek

dutdoz ¢IL gAY E-4 FAL AX 4L
AZALE A3e Fo| F712AG 8L FH31 =, o
= alcoholysis(FEuHe (6)9 Hykg )l o3l &=
€ 82 RE 7|8k 4FA7 g0 @] fEolt} &
3] B ekl 9dld A& FFHE 971F34d
A Be] o] FEIA ke FS o9} 2L BAELS
6$ gol A Aok EXg33dE AXe A o
B #7178 Bl 4A AAE FE dorl(ddrte A
), dR2Y 3AS olgL ABRW FAFEL BF

(]
2 Ba

=%

9 #AE oplgtt. & §of, forsterites] &
& AHg3td Z 2dE HzAAL A B4 $

DEAED 71 A 8HF3E 19979 64

]

MeOH

Mg(OMe),
+TEOS

( meomMey/TEOS )
(HZOZ/HZO

C Mg . Si Alcogel ,
MeOH 4/

l Forsterite Xerogel I

o,
800 T

[ New Crystalline Product J

O% 14. Forsterite §4& 93l A3 dzdz ¥ ¥
o] ARAE d1, ol ¥k AN LdFH g JAHILE
Al 2RA4 AR e 3 AdE. FHEARE FYs
A REAFE Aol AE2F 49 Adoln, -4 AL T3y
23 WEA £ gloh

mme] DUAE VY, FHL e gWE 2=
¥3¥ A=E WE F At TY, AT HdE
Fojsirl fsied FtdAR e AXE, FoAR7|IEE0l o
500 CollA E3ldo] SasiswA A2 FILE &
A Ak 83, E-A 34o] = e vigd 4+

A

AEo] GAAQ] AAR AR T A RE FAsITL o] 7
ogie] Al REA &
ghch B5o) Ae, A &
& 43k AES 7z de AUt Bl YdA
dz E forsterited) A$E 9 sligstE H-2A
Mg 500 CAlAl f7]xteiZe] Bajol o8l W4
2o oa] FA MgCOs& Tt ol FA FAH gt
3HEL o ¢ s 1000 C olide] 2&dAT A
& 4 A "t

FAghie] Al A 2 B FrXE AAERY
H O 2o I R #7130 Bo] BHe &5
olale] XA HNE FIIFAES WA= Aol
d2E forsterite AZAL] 7% ¢ 200 € o]3le) &%
Nx BT FEEFE F7IA71E ks (11) )M} 2
o] 714 F¢] FEo] ARAd Holgls EANIES A
e o7t €2E2 wolugd wi frl@dEE]
A=l Al AxA2EE siAlED Roear) gl

9

rir o

(47 —~Mg—O0Me + H,0(g)
(d2)—Mg—OH + MeOH(g) (11)
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T Ehve] AN @ygi gL s 5 EA
A 8 o] 83 Aol 7He 3 & AAEE ¢
& J8 149 A A ]E forsterites 7] 93
FAE vl A 2HEAE AZRAE 71938 Ao
Al kM ole 2e] EHVIERY 458 2 wAEln
g g g de COE 72z Ao zM,

Xl BAE 1FHoF A5 HAA A

ZAME -2 33 FEE e 39

2 R 7hsatd olsfsly] 4A Z1Ed] 9
BABH Merves Z4E Aed AFsdon, 2
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