54 6 2005

6

1000-3290/2005/54 06 /2814-07

Vol.54 No.6 June 2005

ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.

PACC 6110

67

28

6140

11 12

13 14

.E-mail yhsun@sxicc. ac.cn

2004 7

20133040

*
17 2 2 2
030001
100039
21 2004 11 18
X SAXS
SAXS
SAXS
15 16 17
. 18—20
21
- 4—14
) 15—17
“ x SAXS
2= Brinker
SAXS
2
SAXS
20
SAXS



° * 2815

TEOS 99.99%
2.SAXS EtOH H,0
NH,OH 15 mol dm~*
’ HAc
1 q = I/ e < A‘O 2 > HFa ‘ |
X V[ Y r sin gr / gr Adrrtdr 2 1,0
'0 TEOS 2:1 Si0,
q =4msind/A 20 2 300 | .
' 8 v * acidolyze 4
: T Si0, 3% .
< Ap ">
1
Porod z .
aging .
;]f Porod SAXS ( tEOS+EOH ) (BOHH,0+NH ,0H) (EiOHH,0+HAc)  (EtOH HFa)
010 .
P } 20C 20 } 20 |20
Porod . B pa )  BERE HFEF e
' . el
o BE©)
ol lsfm<3 BEB)

I q ccgs™® 2<f <3% .

l J
D (s014)
0

E f f f
114 S f f ) 20°CEAL 60°CEMN 60°CELL
' o (1) NH, R fLi (2) HCI S HACHEAL B2 (3) OB 4
Porod
(tEOS
an
H,O+NH 4,OH 7 - Zkﬁ‘l%%
HAc BiH:
B
60°C
: E? n ¢l g = W
2 2 3 3
InK -067¢q In ¢ q -q M,
o’ E= 27 "¢ E. (4 H,0 &R
30
SAXS Shell-Rose ) sio,
1 Si0,
D, R 1 2 3 4
W = Q127 Ap > " NH, HAc TEOS / "
© ) /10*mot dm~3 /10*mot dm~?3 HFa
Qo = L g1 q dg : Al 6.96 BI 21.4 122 Dl10
S.=4W 1- W /A, Debye A2 3.48 B 8.56 Q2 14 m
A3 1.74 B3 4.28 G 1:8 D3
30 33
A, A4 0.872 B4 1.07
A5 0.348
3 SAXS
4B9A X

1 Si0, , 22.2 GeV 60 mA



2816 54
X 0.154 nm
. HAc
H600 B2—B4 Bl
Hitachi N4-plus Coulter
B1—B4 43
ASAP2000 Micro-meritics . 83 115 184
Bl
4.
35—38 . DLS
Al ) B2—B4
TEM
A2 TEM 2 2 B3
Stober * o
2 1 — 4 Si0, TEM
TEOS
Sio, “
Si OG,Hs , + 4HCOOH — SiO, + 2H,0 + 4HCOOC, Hy .
) pH=107 3 Si0,
2 TEM 4
Si0, Cl1
C3 200
2 DI D2.
TEOS Si0, 4.2.
TEOS
2 NH, Sio, A4



6 x 2817

SAXS N /s
E W 2. /i
41 _ .
I, L=A/l1-W £ e
L= AcW 1y £
A =1L +1/L, A, . i
X S
" ” 8
3 L, L,
6 L
A, L, E 4!
Ka)
L, £
s 27
L, L, =
=]
£l
_2 -
-3 -2 -1 0 1
In(g)/nm*
4 1 — 3
Bonkari v SAXS
3 TEOS
2 NH; Sio, SAXS Si
[/ Ly/om L/om  E/fnm W/ % Io/arb unites f; 1 S
7 5.4 192.31 2.23 2.2 4590 2.81 1.01 2
14 7.9 132.92 1.97 5.0 120.28 2.64 1.03 Si
21 8.03 65.12 1.85 5.0 122.85 2.64 1.06
28 12.17 55.82 1.70 6.6 188.20 2.33 1.13
34 12.44 36.11 1.67 9.7 289.96 2.18 1.14
71 18.85 30.74 1.62 10.2 296.72 2.15 1.43 -3
L, L, E w
Iy Hooh
TEOS
2 Lp
LS
Boukari
E
S
W I,
4 1
fa

Sio S



2818 54
4.3. SiO, SAXS al B2 Q)
EARE
> 2 NH,§ -l B )
HAc Sio, Porod g by AR
) Btk (1):
= EARE
ol
= -3
_4 -
28 Porod -5 . . .
0.0 0.4 0.8 1.2 1.6
9%/nm-2
NH, Si0, 5 1 3 Si0, Porod
HAc Sio,
4 2 HAc SiO,
5 3 Porod
f1=2.62 f,=1.02 ) HFa
f3=2.94 ® AL =2n/q,; - HAc
27T/qmax 2
1 /> /5 2.82—7.52nm
12.53—23.76 nm 40.36—89.83 nm. fi SiO, SAXS
Benkari 17 Porod
fa
£ .4 3
DLS 2
2.8
SAXS 2
B3 C1 C3 TEM
5.2 nm DLS
SAXS 3 — 2
5.2 nm
fi 4.5.
6 Hy NH,
4.4. Porod ¢ =0.25
2 HAc TEOS
TEOS
5.
SAXS
1.32 nm TEM 2 D1 15 nm
TEOS HAc
Hy
HAc
Sy =2.39 4.74



2819

6 X
nm—12.04 nm
1.32 nm
i | St
0 fx
NH, Sio, 27/ 0. 25
pH =3 SAXS
IR St
0 p Hya
27/ 0. 48
6 Hy, Porod
7 NH; Si0,
HNA
far =2.54
Ix 5
7
6 Si0,
SAXS /
.TEOS
2
1 L

’I’g TEOS

>

> 0t

=

&

= .

-1} Hxa SlOz
0.25 ety SAXS
X 0.48
_2 1 I
0 2 4
Y Si0,

6 NH;3 Si0, Porod
1 Eusworth M W and Gin D L 1999 Polymer News 24 331 12 Sung D H et al 1996 J. Mater . Sci .31 2443
2 Schmidt H et al 2000 J. Sol-Gel Sci . Technol .19 39 13 EoYJetal 1998 J.Sol-Gel Sci. Technol .13 409
3 Judeinstein P and Sanchez C 1996 J. Mater . Chem .6 511 14 Haas K H et al 1999 Thin Solid Films 351 198
4 Mackenzie J D and Bescher E P 1998 J. Sol-Gel Sci. Technol .13 15  Pohl E R and Osterholtz F D 1985 Molecular Characterization of

371 Composite Interfaces New York Plenum pl57

5 Park O H et al 1999 J. Sol-Gel Sci. Technol .16 235 16 Keefer K D 1984 Better Ceramics Through Chemistry New York
6 Schmidt H 1985 J. Non-Cryst . Solids 73 681 Mat. Res.Soc. pl5
7 Chen W C et al 1999 J. Mater . Chem .9 2999 17 Bonkari H et al 2000 J. Colloid & Interface Sci . 229 129
8 Chaker J A et al 2000 J. Sol-Gel Sci. Technol .19 137 18 Brinker C J and Scherer G W 1990 Sol-Gel Science New York
9 Dultsev F N and Vasilyeva L L 1999 Thin Solid Films 353 108 Academic Press
10 Kuraoka K et al 2000 J. Sol-Gel Sci. Technol .19 515 19 Klein L. C 1988 Technology for Thin films  Fibers  Preforms
11 Boilot J P et al 1998 Mat . Res . Soc . Symp . Proc .519 227 Electronics and Speciality Shapes Park Ridga Noyes Publications



2820

54

20

21

22
23
24
25
26
27
28
29

30

31

32

The properties of silica sol

Klein L. C 1994 Sol-Gel Optics  Processing and Applications
Dordrecht Kluwer Academic Publishers

Journal of Sol-Gel Science and Technology

Academic Publishers

Peter W J G Wijinen et al 1991 J. Appl . Cryst .24 759

Matejka L et al 1998 J. Non-Cryst . Solids 226 114

Krakovsky I et al 1998 J. Non-Cryst . Solids 231 31

Brinker C J 1982 J. Non-Cryst . Solids 48 47

Debye P and Bueche A M 1949 J. Appl . Phys .20 518

Porod G 1951 Kolloid-Z 83 124

Keefer K D and Schaefer D W 1986 Phys . Rev . Leite . 56 2376

Dordrecht  Kluwer

Li Zh H 2000 Acta Phys. Sin. 49 775 in Chinese 2000
49 775
Huang Sh T 1990 Theory of X-Ray on Solids 1l ~ Beijing Higher
Education Press p318 in Chinese 1990 X
318
Guo Ch L and Huang Y H 1991 Journal of Inorganic Materials 6 336
in Chinese 1991 6 336

Meng Zh ¥ 1996 Theory and Application of Small Angle x-Ray
Scattering Changchun Jilin Science and Technical Press p73 in

33

34
35

36
37
38
39
40
41

42

43

Chinese 1996 X
73

LiZh H Gong Y J Wu D Sun Y H and Dong B Zh 2001 Acta
Phys . Sin.. 50 1128 in Chinese

2001 50 1128
Stober W et al 1968 J. Colloid Interface Sci.26 62
Zhang 7' Y and Wakabayashi H 1998 J. Sol-Gel Sci. Technol .12
153
Capozzi C A et al 1992 Mater . Lett .15 130
Wada M et al 1992 Phys. Chem. Glasses 33 2 56
Sumio S et al 1986 J. Non-Cryst . Solids 82 224
Huang W L et al 1999 J. Non-Cryst . Solids 258 234
Panitz J C and Wokaun A 1997 J. Sol-Gel Sci. Technol .9 251
Porod G 1982 Small Angle X-Ray Scattering London Academic
press pl7
LiZH Gong Y] WuD and Sun Y H 2001 Surf. Interface Anal .31
897
Craievich A F 1987 J. Appl . Cryst .20 327
Marliere C Woignier T and Dieudonne P 2001 J. Non-Cryst . Solids
285 175

Dependence of silica sol properties on synthesis situation
studied by SAXS™

Xu Yao'  Wu Dong'  Sun Yu-Han' *

2

Li Zhi-Hong’
State Key Laboratory of Coal Conversion Institute of Coal Chemistry — Chinese Academy of Sciences
Laboratory of Synchrotron Radiation — Institute of High Energy Physics

Chinese Academy of Sciences  Beijing

Wu Zhong-Hua®
Taiyuan 030001  China
100039  China

Dong Bao-Zhong®

Received 21 July 2004 revised manuscript received 18 November 2004

Abstract

such as the interface characteristics and microstructure were comparatively studied by small

angle x-ray scattering SAXS assisted by dynamic light scattering. Four synthesis routes were adopted to relate the properties of

silica sol with the synthesis situation. Very big difference of SAXS results was found between the base-catalyzed and the acid-

catalyzed silica sols with ethanol used as solvent. Under the acid-catalysis of low molecule-weight organic acid not only were

polysiloxane macromolecules obtained particle suspension of silica was also produced with complicated inner structures of

particles. With ethanol or water as solvent it was found that the silica particle would become more irregular in morphology with

more polarity of solvent. The formation of Si-O tetrahedron was more difficult in the acidolysis of tetraethoxysilane by formic acid

than in the other hydrolysis routes. An interesting co-existing of positive deviation and negative deviation from Porod’ s law was

found in the silica sol with water solvent

and a detailed explanation has been given. Many nano-scaled structural difference

among these different synthesis situations were revealed which was difficult to be recognized by the experimental methods other

than SAXS.
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