52 2 2003 2 Vol.52 No.2 February 2003

1000-3290/2003/52 02 /0442-06 ACTA PHYSICA SINICA (©2003 Chin. Phys. Soc.
X
*
+
030001
100039
2002 4 23 2002 6 11
Si 0G,H; , TEOS CH,Si OC,H; ; MTES
BSRF X SAXS
$i0,
TEM . SAXS

X SAXS

PACC 6110 6140

<3
1 M o R’ S S o R
D, 2< D, <3 6
X SAXS
1—3
30 Brinker
* . Zarzycki®  Keefer 2.
Schaefer °
TEOS
SAXS MTES
7—I11 . Si0,
1. 15 mot 17!
SAXS 12 mot 17", Sio, A
MTES B TEOS
MTES 1
M R GB4472-84
Mo R D, 1<D, ASAP2000 Micro-meritics
* 20133040

E-mail wudong@ public. ty. sx. cn



443

X
H600 Hitachi . X 22.2GeV
SAXS BSRF 4B9A 60mA X
TEOS, EtOH, H,0, NH,OH 20°C 18d e
(BEIRHE=1:40:2:3.75x107%) | pegte : O ——
'@E »| SO
20°C 60d _ G
MTES, EtOH, H,O, NH,OH
(BE/RH=1:40:1.5:2.4x107%) |  $i3k - YIS B
(a) Pk
TEOS, MTES, EtOH, H,0, o P g e
NH,OH[BE/R b =1:x/ (10-x): 20C - 30d Negitoing
40:?20—0.5x)/(10—x):3. 75x1075 Bt sg?_’%}j? '
x=1,2,3,4,5]
(b) FLrkfg
1 Si0,
I q -¢" Inl g -Ing
1 d d l<s-d<3
: VA:VB 9:1 8:2 7:3 6:4 5:5 Dm: —d 3< —d<4 Dx =
C, Cy Cs Cs Cs 6+d" .
Moly:Moly  9:1 8:2 7:3 6:4 5:5 In I g -
D, D, D, Ds Ds In ¢ 2. q
A = Si0, B = MTES Vi:Vg=A B Guinier de la
C,—Cs = 'T=TEOS M= MTES Mol : Moly Rosa-Fox 14
=T M D,—Ds =
0.154nm
2
Craievich ’ Marliere °
3 q qmin q
) qmax LHIHX =
27T/qmin Lmin = 2T[/qmax .
SAXS 2 Dml Dm2
I q -q q =4msin0/2 20 2<D, <3 1<D,<2 D,, D,
A X I q D
. ml
Dm2
Iq =1.< Np? > VJ Y r %Lﬁcrzdr 2 Lya—L.
0
Ie V X LZmin_LZmaLx Dml
'}/ r lein_leax 10 + Snm DmZ
< A‘O 2 > LZmin
SAXS L2max LZmin - L2max
Porod 2 D,, 55 + 25nm

[ q g™ 1<D, <3 D, 85 + 34nm

I q g’ ®2<D,<3°.



444 52
Dy— Dumg
D3 \\~\\‘>/
D3 ‘\\\
D4 \\\\\
|7} %) D5 \ Dm
2 2
< <
S s
= =
= =
£ 5
. (b)
qmin ' ‘qu 1 1 1 L 1 1 1
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
In(9)/nm™ In(9)/nm
2 Si0, Inlgq -Ingq a b e —cs
Dy\—Ds T Di—D, Gmin Gmax q
R, A,
¢ TEOS Sio,
A 15 d, d,
MTES 2.22 d/d, = A/
TEOS ¢ .
Ry, 58 R,
TEOS
2. R, 2nm—4nm
MTES
A C,—Cs 3.44nm D,—D;x
2.85nm R,
* MTES Si,—Si, Si0,
B 4 Dml DO
MTES SIOZ DO lein_leax
D,
TEM 2
2 Si0, SAXS T
Ssaxs Sper Limin™ Lima Loin— Lonax Ry Dy
N Dy D,
/ m?/em? / mz/g / nm / nm / nm
C, 71.24 453.24 10 2.22 6—I11 1.24 37—72 2.15 9.67
C, 60.35 393.32 15 2.29 9—13 1.39 32—717 4.05 11.96
[ 41.47 386.09 18 2.21 8§—14 1.50 28—73 3.99 12.4
Cy 9.21 385.59 71 2.26 12—16 1.69 30—67 3.29 13.82
Cs 1.76 265.37 181 2.23 13—16 1.82 31—81 3.74 13.04
D, 48.92 713.75 6 2.27 8§—14 — — 2.66 10.77
D, 44.60 712.18 5 2.31 7—13 1.01 51—103 3.32 11.51
Ds 30.86 699.00 6 2.55 T—14 1.07 67—118 2.00 11.76
D, 13.78 614.77 5 2.48 9—15 1.08 69—114 3.55 8.63
Ds 14.88 577.42 7 2.56 8—15 1.14 60—103 2.75 10.98
"Ssaxs Sprr SAXS BET N Dy D Limin™ Limax  Lomin™ Loma D1 Dip
Ry :Si0, Dy



2 X 445
D,, N 2 N C,
SAXS . C; N
D, MTES
D,, B
N SAXS N D,
TEOS  MTES
.SAXS TEOS SiO,
MTES
Dl _D5 N Dm2
SAXS
Ssaxs
16—18 D,,
) ’ Spir D,, Ly Loy,
N 3 A Cs
’ k= L+ D, A sio,
L /L, L, L, X Cs MTES
Ds
A, VA, =1/L, + 1/L, 15 C
5
SSAXS/ SBE'I: da = ]V/k2 NS
100mm 100nm
3 Si0, TEM
4. D
SAXS 55 +25nm 85 + 34nm.
N N
D, D, 2<D,, <3 N
1<D,,<2.D,, Sio, TEM
10 = 5nm D,



446 52
SAXS
1 Peter W J G Wijnen Theo P M Beelen Kees P J Rummens Han C 12 Debye P and Bueche A M 1949 J. Appl . Phys. 20 518
P L Saeijs and Rutger A Van Santen 1991 J. Appl . Cryst . 24 759 13 Li ZH?2000 Acta Phys. Sin. 49 775 in Chinese 2000
2 Matejka L. Plestil J and Dusek K 1998 J. Non-Cryst . Solids 226 49 775
114 14 dela Rosa-Fox N and Esquivias L 1990 J. Non-Cryst . Solids 121
3 LiZH GongY] ZhangY WuD Sun YH WangJ LiuY and 211
Dong B Z 2001 Chin. Phys. 10 429 15 Porod G 1982 Small Angle X-Ray Scattering London Academic
4 Brinker C J and Scherer G W 1990 SOL-GEL SCIENCE The Physics pl7
and Chemistry of Sol-Gel Processing San Diego Academic p97 16 TLiZH WuD SunYH Wang]J and Dong B Z 2000 Chinese Sci-
5 Zarzycki J 1990 J. Non-Cryst . Solids 121 110 ence Bulletin 45 706 in Chinese
6 Keefer K D and Schaefer D W 1986 Phys . Rev . Lett . 56 2376 2000 45 706
7 Craievich A F 1987 J. Appl . Cryst 20 327 17 Pei GW Zhong W L and Yue S B 1989 X-Ray Diffraction of Mono-
8 Marliere G Despetis F Etienne P and Phalippou J 2001 J. Non- crystal ~ Polycrystal and Noncrystal Matter Jinan Shangdong Univer-
Cryst . Solids 285 148 sity Press 386 in Chinese 1989
9 Marliere G Despetis F Etienne P and Phalippou J 2001 J. Non- X
Cryst . Solids 285 175 386
10 Vollet DR Donatti D A and Ibanez Ruiz A 2001 J. Non-Crytst . 18  Huang ST 1990 Theory of X-Ray on Solids 1l  Beijing Higher
Solids 288 81 Education Press 318 in Chinese 1990 X
11 Knoblich B and Gerber Th 2001 J. Non-Cryst . Solids 296 81 318



2 X 447

Two fractal structures of methyl-modified Silica gels by SAXS ™
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Abstract

With tetraethoxysilane Si OC,Hs , TEOS and methyltriethoxysilane CH3Si OC,Hs ; MTES as precursors two kinds
of methyl-modified silica gels were prepared by the two-step method and co-hydrolysis method. The gels were tested at the small
angle x-ray scattering SAXS Station of Beijing Synchrotron Radiation Facility BSRF . We calculated the average particle diam-
eter and the special surface area between the two phases. On the basis of these data the fractal characters of gels were analyzed
and two fractal structures were found in all the samples. The two fractal dimensions indicated two fractal structures on two scales
i.e. from primary SiO, particles to first-aggregates and from first-aggregates to clusters. Aided by transmission electronic micro-
scope TEM we confirmed the two different microstructures of the gels prepared using the two different methods. It can be said

that SAXS is a powerful technigue to study microstructures of gel systems by studying its fractal structure.
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