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= B Z-ATAL o834 §i0; ¥ TEOSH) §7] ZEA2 4 PDMS7 =815 PDMS/SIO. xerogeld A zstz iz
A HCI5} NH,OH& o]&-%F 2 step acid/base catalyzed ZA el 23l Si0, ¥ PDMS/SiO, xerogeld] 713 Z7] B £X & Ao
sc}

Zu| 24 HCle] H718 Si0, ® PDMS/SIO. xerogeloll 4 pHE 2.3~25, gelst A7 12~134, xerogel®] 2ok pellet F el
£ el HCI/NH,0H Bu)7} 37151 pH 2 geldh A2 §73] 7Fasha xerogel®] R¥= pellet ¥ columnP o2 F
g8t A TEE) ol w2 HFgolo] Aol MR AEEs SRS} w2 A A= o] gelstel] 2. Azko] 225
pellet 3 8] xerogele] Eu} FAell e STEEr) AFElSE Rt wh2 A 5of gels}t Azt Be2hA2 column¥ 4 xerogel
o] = 7] w&ojc}. §i0, % PDMS/Si0, xerogel2] EHA 3 BF7|F27)= HC/NH,0H 287t F71gel w2t 2+z 400—600
(rd/g) 3} 15284 ¢ & ¥Wssly 94 71327 $ 28 2her). ol &7 HClH o8 7i-E#% Fo] NH,OHe o8 535
%7} 2350 silicas]) FATEI} WL 2R FAH R Y4 HT I A AT 7] TR HY) "ol

Abstract  Si0, and PDMS/SIO, xerogels which are derived PDMS into TEQS have been synthesized by sol-gel
process and controlled pore size and distribution through 2 step acid/base catalyzed processes using HCI and NH,OH as
a catalyst.

In HCI catalyzed SiO, and PDMS/SiO. xerogels, pH and gellation time of xerogel were 2.3~2.5 and 12~13 days,
respectively, and the shape of xerogel was identified to pellet type and column type. Under acidic condition of final re-
action solution, the hydrolysis rate is accelerating, resulting in long gel times. The shape of xerogel is pellet type. In
contrast, under less acidic condition, the condensation rate is accelerating, resulting in shorter gel times and the shape
of xerogel is column type.

The surface area and average pore size were changed 400—600(ni/g) and 15—28 A, respectively, depending to the
increase of the mole ratio of HCI/NH.OH, and represented uniform pore size distribution. It is that all the alkoxide
groups are hydrolyzed by HCI after the first step and the condensation rate is enhanced by NH.OH. The regular back-

bone structures of silica are formed at low temperature and the uniform pores are produced by heat treatment.
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3%}, laser dye) & thkdt Bopola o]4-2 & e &
& Agolh.” F-AYL AZFTAHAAY =4 2 d8F
o o}&) thokdl #Wele] 7} &= 7] — micropore ~ mesopore
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T A 7R Be ATFAET o) o3 aerogel, xerogel ¥
vl silicadt 2 thFAAMEEe] F-ATAHLE AZ

3 glon o]F9 EAjo] BuHx gd}. F-AFTHeR
Ax" Si0, xerogeld AEHa S84 os A==
Si0.el H|3}ed o 2T ofxje] Aol &j5ted 349
BEFZE FAsE Aol sl e A% xerogel
o] dxj2)Ajel matrix el M FAYsH= F71E2) £l 9
g Bgdy =7) BEE z2he VIFAAELE 8o Si0.
o] =7}t Aslsls o] ok

Z2-ATAL o]t Si0, matrixfd] 715 27 =X
£ zAstEs o 2 AE T Zo] 37hx] Wiile] Bx
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Si0; gel matrixel PMMA, PEG =¥ PEOS} 22 #7)
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BAZE dlo] ©e F5¢ w3 gir} Y TEOSSdo) =
4¥ 77l TEAEAL FAIF 2FE € 5 2o =g
7] 2EAY B/, BAEE, A 9§ AR wt
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TEOSEZ% & E-AZAH o2 Si0; monolithE AZd &=
735l dAe] A LAslE #7159 el &% £ RE
7139 AL HE A3t @ S8l B AT 23}
Aot wtdel gl =27] 9 27| £EF Zh= $i0, mono-
lithe doll X HEg theFdt §52 o8-8 ¢ glod 53
organic dyed] E9gol] 23 Pt g R o] S-Boff of-$ F
&3th. @ebA Si0, monolithe] FHAoht F&a EA3
2L EALE 1A 8 M3 A9y ess Wye] 7w
st

E P e E-ATAHE o8, F7] 2EA AEZA
polydimethylsiloxane (PDMS) o] 4% #7]-F7] 23
PDMS/SI0, xerogel g Ax3t=d]l le] Fvi24 acid®
AH2-8HE acid catalyzed process$t acid®b based AH&
&l= 2 step acid/base catalyzed processS ©]&3}oq
matrixthe] 71 FAZ71EXE AofslEe AF-T stk §7)
-F7] E3 PDMS/SiO. xerogeld #HZs}7] 98k Si0,
precursor 241 TEOS, §7] 78224 % TEOS 9 =4
Fzo} Fd% FATE(-5i-0-) & ZtT 537k oA ok
434 Vel PDMSE Adshdn.
ZF-AFAAAL W Foa 2 step acid/base cata-
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lyzed process®} pH &) Wislr} 7129 =7) & -2 u)x)
+ 9%, Ax3 PDMS/SI0. xerogel®] g3 2] #Ao u}
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2.1 PDMS/SIO; xerogel2| A=

PDMS/SI0. xerogel & AZ35}7] 943 Si0, 2] SLEAZ
4] Tetraethyl orthosilicate (TEOS) [Si{OCHs) 4, 98%,
Aldrich Co.], 7] 2¥AZ 4= Polydimethylsiloxane
(PDMS) [HOI[-Si(CH,0-1,H, MW 400-700, A}-
drich Co.], v} &4+ Isopropyl alcohol[(CH;) CHOH,
Junsei Co.] =& TEOS2 PDMSY Az 2o H=
Tetrahydrofuran(THF) [C,HO, Aldrich Co.] & AH&-3}
gl At 7|2 Ae 2 1.08M HCI(35%, Junsei
Co.) 3 0.67TM NH.OH (28%, Junsei Co.) & AF&3}4ic}.

Acid catalyzed process % 2 step acid/base cata-
lyzed processel] 213k Si0, % PDMS/Si0, xerogel$ A
Z38p7) o FAHEE 2¥ 1o depigdeh

ALT-4719) 25 7)ol AFP TEOS/PDMS/
THF/IPA E3492 80°C 204 1417} refluxA]z]
% HCI/HLO/IPA EFE9E FAZNE o83 1mt/
min? FYE45 2 F4lsle] FALmdA 1AIZF B &
& 39tk (acid catalyzed process). 3P4 T2 A
o13}7] 913 base® 4 NH,OH/IPA £HL we A F9)3}
I Frevl o) FE53 3ol 27 £ 27 A WA ]

PDMS, TEOS,
IPA, THF

Reflux(80T, 1hr)
- HCI, H,0, TPA

Mixing(80T, 1hr)

* NH4OH, 1IPA
Casting (P tube)

Gelling(407T)

Aging(40T)
i
Drying

Xerogel

Fig. 1. Flow chart of PDMS/SIO. xerogel by sol-gel process.
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Aty P 2 o] 2§ o]-fto] Hhg4- Y 2 E A
27t F4381A Y4A1FF 2 step acid/base catalyzed
process). AZH 4H-& PE £-7]) (27 22om, Fo| 73mm)
o) @o] pH&A7 FA)o) Parafilm “M” 0.2 Wi}z =
MEe g 2] Y8 FHE B2 Fo 40T ovenoll A
gelzhA)7)1 UL T4 244)7) %ot aging ¥ drying
< YapAct.

22 H

A=® PDMS/Si0; xerogeld DTA [SDT1500, TA
Instrument Co.]& ¢]43te] F7] £47] 4 5/
min® $L4=2 1000C7HA dE4e shgdh. 243
2% Higle] w2 xerogeld] TEUEHAL A 23
+47)[FTS165, Bio-Rad Co.) & )43t EAs}4ir}.
Xerogel2-100°C, 300°C, 6007, 800°C, 1000°C7}=] 1°C/
min $& $E2 72}7+e] 2R oA 1A|17E R-X]3ke] A
£ stttk HoA £ B4 AlEEe dXR Alss)
KBr& 1:100 H|EE vhefdboll 4 E¢38L T tjx
Yo 5o BH3Her oy FAXAL EIAF
lem™', = 400~4000cm ™!, T3l 202 3hgic}.

4-H9) pHuislell wje} AxF xerogeld] vlAFZ=E
Auz 3 ¥ F2} A} ¥l [X-650, Hitachi Co.] &
o}-g-3} o] ALt

PDMS/Si0O; xerogeld] ¥H 4, 7|59 2 7327
N.(77K) &2 BET $2¥ [ASAP 2000, Micrometrics
Co.] & |43l 53ttt BETE &3] A3 HA
(Ao 2] oF 05~0.782] PDMS/SIO; xerogel2- 250
CTollA 4847 %<t degasztgl2- 3tgdcl. PDMS/SIO;
xerogele] pH¥Hslol ulE Ux HIE density meter
[Accupye 1330, Micrometrics Co.] & o]&slo] &4}
e},

3. #nt i

3.1 PDMS/SIO, 22| pHuislol e geldt AlZE ¥
el

B 7o M 48 Si0, ¥ 10wt% PDMS7 37
PDMS/Si0. xerogel?] 7|3-¥3}-& F23}7] $J3}o] S|
2 A HC1& AHE-3F acid catalyzed processe} HClell 93
trid A EE H3A7] Fo FPEEEE 7
8}7] $15le] NH.OHE #H7 M8l 2 step acid/base cata-
lyzed process¥E o]&3tgdel. F Aol o) Az=H Si0,
g2 PDMS/SiO, 4949} pH¥3}, geld}t A7k 2 A= xe-
rogel®] Zofate] AAE E 1) ek

T Si0. §2] Ao Evj2 4] HCle] 85%X107°
mol #7}=" pHe 268 Wbl gelst A2 2F 13
o] £ 953 em = xerogeld] ok pellet S B
o}, ¥hae] HCI/NH.OH E8]E 1:1.322 3l9< 7
o} pHE 5.9, geldt A7} 5AIe R F43) bt
3 %& xerogel?] 2ok columnd #lE vehlgicl,

K

PDMS7} 10wt% 7%l PDMS/Si0, Qe £
& Si0, &YelAje} 2k-2 ko] HCle] A7tsIde -5l

pHE 2.3, geldt A7H2 oF 12~13Uo] ~8 H o™ xe-
rogel®] B oke pellet elE B4t HCI/NH.OH 9 Ev)
7} 1:0.4—1:3.02.% W33 A5 pHe 26672 F
A3 Z7159 T geldt AI7kE 9~10UollA] oF 5E- 0 2 wh
2 A7t gelspyt ABRAE & 4 ok HF xerogel 9
Foke Lalo] pH7t 2.3~4.5 W9 o4 pellet He) S
el gl A1et pH7F 57 ~6.7 M3 WellAs columnd =
E veids #3238 4 9ol ol21d 4L 2 step acid/
base processol] 28] 48 ol 2] pHE WA A S
uhe- Bof el 29 2SS E AT 4 A
7] dEo2 AZHC} ller$2H'? silicate T8&Hol A
gel3} A|ZbE g-42] pHel oa] ZA e o, wat
2992} pH Wso) 93} Si alkoxided) 7}E3 /S
£ & 24 § Q1SS Bty o5 w=w pH7}
1~3 ¥4 7343 97 sl A= 7heEsiet F3hiks-
o] 2 F A=A 7lrEd S5t SRS R v|Fte] o
@3] w27 wjFel - el fshA s F27)
YA g e g ¢ a geldt AzZbo] 2Tt} b
pH7} 3~8 Atole] ofabAd/ekdahe] £-917] sl A& &3
WA 27t 7ppEE WS Bl Wz Fo] geld) 4]
Zko] Fot A Rt

=3k PDMS 9] #7loll FAgle] HF ubg-842] pHH
3l Az9 xerogel®l e Wst—F pHrF 2.3~4.5¢]
A pelletd, pH7} 5.7~6.79) 4% column3 — & A&
T e ol gelst ¥ A=A gelle] Eguls-
St FEnd & dud £ ok F, FUETs)
EPE o] vlFtd wE AP — gelst Al7to] 7 AHS-4-
Ao gL 75 A Hoj Y WY HETHE £
ko] =58 814 Hof 2% xerogel?] ¥ pelletd

Table 1. The Variation of pH and Gelling Time of Si0O,
and 10PDMS/Si0. Solution.

Si0; Solution

Acid/Base Mole Ratio| pH |Gelling Time S;;‘;eg:lf
1:0(9.5 X 10" *mol) 25 ~ 13 days Pellet

1:1.3 5.9 =5 hrs Column

10 wt% PDMS/Si0. Solution

Acid/Base Mole Ratio| pH |Gelling Time S;;‘Zeg;f
1:0(8.5 x 10~*mol) 2.3 |=12~14 days Pellet
1:.04 2.6 | =9~10days Pellet
1.0.8 45 | =7~8days Pellet

1:1.3 5.7 =5 hrs Column

1:1.7 6.0 =2 hrs Column

1:2.1 6.5 =20 min Column

1:3.0 5.7 ~5 min Cotumn
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HE 94 o} A9 SRS} TSR wE A
$— gels} A|Zdo] AL HGolE SHLE FAGg &
e P 58 A Hol A= column¥ 2 xe-
rogelo] A)Z=rc},

dubx o2 TEOS 7Mpisl/E¢uhe 2 xerogeld
Yyels E- A0 of) uhg-AAlE oAM= $-H2] pH
o] & d3%& wh=t}. ub3-g-He] pH7} Ak el 79l 7}
FEekg-& AR Hk$- (electrophilic  reaction)
mechanismel] 98 7}5E8 &4 SPLHEET
vl w2 A F 8o geldt A|zte] HAHEY 4o Yol
M aA 7FA A F27 @AE SRS A A
53 HEFH O Z xerogeld pellet 3ol Bofkg 7HA]A ®
t}. TEOS < PDMS7} =% TEOS & 71 8= £
o] pHell <d&abg WA SA Sk JrEas
TEOS zpA| ¢ Euke 2 TEOS<} PDMS Abe]9] co-
condensation 2.8 &¥uks ez} BaslA 2y

PDMS7} TEOSH| =% ukge4 FHIF ubg4of9)
pH7} A Ql ZAS-ole 7rEdld e was, 23En =
A A=} 7I=ENE TEOS ARy E3ukest
TEOS¢} PDMS Ate] 9] E3hik-3-& =2jA a3 sic). vk
off F w899 pHrl YAk Agole 7154
Txc} Syube&4 e} wEA A= TEOS #HAl9] &
goat ofjzl TEOSS PDMS Alelel Agw #4 =
PP Aog Y4},

28y 2 AFdlAL PDMS 9] Exg o Arleke w
Q5191 7] WEo] TEOSY] 7hrial/E3iks £5 2 A
Z3 Si0, xerogel 9] Zokol izl e FHF uk-g-40 9
pH7} ) A 283 7o 2 Hedsict,

3.2 SiO; % PDMS/SIO,S H&EA 9 Fxgigt

¥ 2& &v|E4 HCI HCI/NHLOH(1:1.3)7F &7}
% Si0. xerogel® DTA®A A et} Fuj2 A HClo|
H7HE 9ol of 100°C o)t A 8] Zde) 27 oF
& Fd HolaE AT  slow, Lx7t Fr1ge wel
2702) ked Hol=7} 200°C 9 310C F2ll A el
200°C ¥-TolA vehte ot W Fojae AR 714
oo} Eajol o3 o R, =g 310°C ¥4 Heptes
3 gL g Holas AF £71F 2 OR7)9] A3l
%ol &gk o E guhgc}

ZujE 4 HCl/NH.OHE #7138 SiO: xerogeld] 23z
AE-& 200°C7HA] HCle]) 718 Si0, xerogels #-& 7
g vely =5} F7hgkel o} 270°C e 350°C R
ol 4 2702 W Folzrt PR} 270°C A veh=
23 @7t2¢ Fol=aE baseR F7HE oFRUjole] Eale
& Ao 2 A=z 350°C B9 BY Holme AF
718 % OR7|] Atstel 23 7lo g HAuis),

malA] Si0, xerogel®] DTA ¥4 1}
Aol 200C~400Ce AX =23 F4L Folz=
A AF& Si0. xerogel9) 2.8 geldtol) 2Jgt
z2347 A e e fokEc}. whdo)l HCI/NH,
OH7} 7" 7o F43 2o Foj=E Si0, xerogel

L I i 1

200 400 800 800 1000

Temperature (°C)

Fig. 2. DTA curves of Si0O: xerogel by acid and acid/base cata-
lyst.

| 10w Pows/si0, xerogel |

|
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Fig. 3. DTA curves of 10PDMS/SIiO. xeroge by acid and acid/
base catalyst.

2] F& gelsholl gt FAH 72 YA #ATL dE A
o2 Py}

10wt% PDMS7} #H7}= PDMS/SiO. xerogele] &
A AE 29 3¢ Yeblglcl. PDMS7F 3A7FE xerogel
9] 7%= SiO; xerogel®] d¥-A Ao} v)wsle] F 71x
HellA Z AolE vehlicd A, &) Hrlel) BAIG
o] §71&9 Ea 2 A% 2xrt R FoF o|FsT,
4, 450°C ~600°C Abolell 4] PDMS 9 Si-CH,7) £3)
of 23t dA&He|n FylR iy molze MrAo|r,
PDMS/Si0. xerogel®] Q84 Ax}olA §-7182) 23 &
E7F 2 B0 R o)lEsle A TEOSe PDMS Alo)9)
Zghulkg-of 93 A3y} PDMS 9 & 93 AAAGY o
w02 HyzEc

HClt H7}5l PDMS/SIO, xerogeld- ¢f 370°C £ ol
A AR #71E 2 OR719] Abs} ubg-of] oJ&k W sjo|z
7} viebuba 470°C -l PDMS 2 Si-CH,7)7} 233} 7)
Alzbgicy, HCI/NH.OHZF 3718 PDMS/Si0; xerogele
300°C F-ZellA gi=uiele] R Folzr) = 380
T FZoA 718 2 OR7|9 A3} ubg- o)z} &
A velds oF 450°C 2 A58 PDMS 9 Si~-CH,7)
27t Az ik,

28 4= &2 4 HCle] ¥71% Si0, xerogelel o3
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Fig. 4. FT-IR spectra of Si0O, xerogel heated at various temper-
atures.
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Fig. 5. FT-IR spectra of 10PDMS/Si0. xerogel heated at vari-
ous temperatures.

g 2% W3l w2 F3} oy Eg B4 Aot} SiO,
xerogel® HAEF EA Ao EAH<q bandEL
460, 580, 800, 820, 930, 1080, 1240cm™' F-ZolA H&

"}, 460em™' bandE Si-0-Si bending XEo 2 A
He 25 F7bef u=h A wds HeE Jehin o)
580cm™' o] 4] Yel}tE bandE Si-0~ Z¥2 bending 2
Fo 2 M7= o] bandE 600°TC olAtelA AletAe
2 4= 3o}, 8003 820cm™' ¥9) band+ Si-0O-Si W3
stretching %3 Si0O, tetrahedra® ring F%9 2%
mode® AE 4 2le™ F modes 300°CHE & 71<]
mode® FHA = F7ket 7 2 d2E spectra® A
AL £ & AP 930em™! ¥29) band® Si-OH
stretching mode2 2% Z7let &4 X A3 AR
10803} 1240m™' #29 F band+ 27+ Si~0-Si wld
A stretching #F22 HAE= TO mode, F2Hs LO
modeE A H = glch'®

AHE 2% ¥Ze) & 5i0. xerogel®] 24 spec-
traoll X 7} EAH gl 2ok Si-09) A" mode (560,
820, 930, 1080, 1240 )7} €= F7ko} FA 43
AR 3 Si-0-Sigk TAIE mode (46054 800cm™!) = ¢
FtE-E spectra® 73t AHolrh oL Az Si0.
xerogel matrix Well4] @xj2jol] oJs) gt el 2o
Z S8i-0-Si8 #EF7E7} HAZ 75Ee Zes gdd
g slct.

10wt% PDMS 2 HCle] 37} PDMS/SiO; xerogel
9 A7 &5 W] wE F3 o4 BHEH dAE
23 5ol vreligich. PDMS7F 3H7He xerogel @) spectra
£ Si0: xerogel®] spectra®} A f-Alkx]Er 800~
1300cm ™' ol A= Ab3] o} & mekg Bolx it} PDMS/
Si0; xerogel®] AHAEF 4= 440, 590, 805,
850, 940, 1270cm™"' F-Zell4] §AA<l band7} #2 ==
o] 440, 590, 805, 940cm™' & Si0, xerogelol ]2} 7o) Si
09 ##H band® Tk} wbHo] 8059 1270cem™!
& #7}¥ PDMS 9 Si-CH,oF &&= band& A4 g},

Table 2. Properties of Si0, and 10PDMS/Si0; Xerogel at Various Acid/Base Mole Ratio.

Si0, Xerogel BET surface area Pore Size Pore Vol. Micro Pore Vol. Density
2 T 2
. (ni/g) () (cc/g) (cc/g) (g/cm”
Acui((l)Base 264 145 0.108 0.098 1.50
Acid/Base 440 214 0.235 0.056 131
113
10PMDS/Si0: Xerogell BET Surface Area Pore Size Pore Vol. Micro Pore Vol. Density
(ni/g) (A) (cc/g) (cc/g) (g/cm’)
Amdl((])Sase 409 15.2 0.209 0.127 1.38
Acid/Base 403 19.6 0.197 0.074 1.30
1:1.3
Acid/Base 632 23.6 0.374 0.038 -
1:2.1
ACllc.lg?)ase 600 278 0.417 0.003 -
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Fig. 6. Pore size distributions for (a) acid, and (b) acid/base cat-
alyzed SiO, xerogel.

o] ¥ band+w 300C7HA A=V 600°CEE Lds] A
23g £ 5 ded ole %9 DTA ZA#AeA PDMS7}
2k 400~600C] AH EasEl= AY HA spectra )
wzleot A odA§-& o 4 9k, PDMS/SiO. xerogel9]
294 spectraol 4} Si0, xerogel?] ZAz}ol| {2} vlatr}=]
2 2x Z7ie} §4 590, 940em™' band 7} AFeFA| L 440,
800cm™' bande # LHEE B 4 Jr}. = sh}e] 54
2 440em ')A #FHEA R Si-0-8i bending AFL 257}
Z7Veel whe}l 465m™! 2o E o)F3=d o)+ Si-O-
Sie] wEFZ7} 7stEle Aog A 2 800
em~! B4 805, 850cm™'Y F bands 600°CH-E
800em™' & A AL 800C o]FNAHE 790em™"' (Si-0-Si
A stretching A2 ol5gS & F ok ol
PDMS/Si0; xerogel matrix Well4] TEOS2] Si-OH¢}
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Fig. 7. Pore size distributions for (a) acid, (b) acid/base(1:1.3),
and (c) acid/base(1:3.0) catalyzed 10PDMS/SIO;, xerogel.
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Fig. 8, SEM photographs of acid and acid/base catalyzed SiO, xerogel.
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Fig. 9. SEM photographs of acid and acid/base catalyzed 10PDMS/SiO, xerogel.
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Fig. 10. Continued.
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