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Fig. | Schematic model of MCM-48 based nano-compasite structure
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1.1 ZH-BHEER
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BAEREBRIN T .4 CTARE TEREB FK
(AR 25 wi% ) — EWRBE K NaOH B W TE
WHFHTEEHBNA TEOS, FiAR—EN G
BZEBREZER N AEEABRY LNEGY
fBC Lt 4 - ITEOS: xNaOH: yCTABr: 62H,0 . 8 # &
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YR « Fy WA XVEREFOREASE ]
HEgEntE MAHAKERE ZEFHEH. A XELR
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min, MAZREHHEER(H 25C) . RERES B
T FRAL 12.1 g CTABr M 38 g 2B T K, B84
HPEBERE AR 0.89 ¢ NaOH, B T 20 ¢
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Ag EBT/K,EREB C; %M B ZB%m
AR HFNBEBR CP, WMk, MAR 2
min, REH ZBRZESHMABR AP MAR
Smin F  HEHETHEARNES 8 CKH R
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CTABr:62H,0.
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Fig. 2 XRD pattemns of the samples produced under
various concentrations of basic solution

a}Nay 0/H;0=0.010{ x = 0.41) ; b} Na; O/H, 0 = 0.012
(x=0.5);¢)NayO/H, 0 = 0.014( x = 0. 58)
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Fig. 3 XRD pattems of the samples produced {a) with
pre-hydrolysis and (b)without pre-hydrolysis
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Fig. 4 XRD patiems of the samples produced under
various CTABI/Si(Q, ratios

a) CTABUSIO, = 0.325; b) CTABYSIO, = 0.65;
¢) CTABr/Si0; = 1.0; d) CTABr/SiO, = 1.5

T R 3 B LA [E] B9 BT AT AR A o A9 XRD
A, ke, RNBEA Y KA K H: 1ITEOS :
0.41NaOH:0.65CTABr: H,0, H & &4 IR {1 2 4 1
W OBESETH,FLERAST, B4H%K Sminid
BlMEE B A MCM-48 By HFIE XRD 117 5 ¥ (B
5q)  BEMARTHEARMESRERREGEHWE
HAE XRD £7 51 8 586 5 min 49 B4 B 0 R) 3 37 -
FHETFRGEETHERBRA N, BTN
&, &7 HF TEOS MKW, EARNFL T HRFE
WHER ELRPRIMNERR, EHHRRENR
2~3min i, FAENBFBRHRECHBHELT
AR . EHEHRIBRXIEYHSE
PLERA AR B — P RETHN. I TER
—HERFEAEHRFAARNER YLHE
KA E, HE TEOS Ral KM . & %
TARHTYEHEE AR EVER, ARG
BEEYHR X~ KXRARTHEN, ZHFER

Intensity (a.u.)
[ &
w o L] (-9

26(°)

Fig. 5 XRD patterns of the samples produced under
various pre-assembly times
a) Smin:h) 15 min;c) 25 min;d)} 35 min
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Fig. 6 XRD patiems of the samples produced with pre-
assembly at ambient temperature
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Fig. 7 FT-IR spectrum of inorganic-organic nano-
composite structure

B7RHTHKMER 7K FT-IR 8. #
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Fig. 8 TEM micrograph of inorganic host (300 thousand multiples)

B9omlTHKMERTH TG-DTA B . &
HXEF T MEMAHATR, RALHTERE
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Fig. 9 TG-DTA curves of nano-composite structure
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Table 1

toluene

The dispersivily of nano-composite structure in waler and

Particle size
{pm)
In water
In toluene

0.5 1 1.5 2 25 3 35

2.03% 0% 0% 0% 0% 0%
11.39% 0% 0% 0% 0% 0%

97.97%
88.61%

P ZE BT R MCM-48 99K M 45 8T 4
RA P, ERKFEARTFTHRNENMEZE . &
RESFERTA, AHE 4h, FHIHIE
21.37% ;403 12, A ULHIZ B 8.79% . SEM
(B 1) LED, FHNMESB]AR, MCM-48 EH
KRHERTHHIBERAFAR . TR&ZEHT.H
HHESERN 21.37%6 , ARNER TR T4
AR RS . ke R, PSR MCM48
HEARREREFHRIBIEER —EHEN.

H—EREENHTERARNAKNERT
AR RFHSBER. BE 2 R IAANE
B, A HEERE . AKPMERTERER
Rt AP HRE S 8 BRER TS NT
AFFHFHZENHSBENEMENE HEN
HEREL  BANBHNFHRBEMI. X 5521
B, SESMTHATRR FHL, -k
Mg FrEENSSBsRTRESYER Y.

Fig. 10 SEM micrograph of nano-composile structure with various percentages of organic templ

a)8.79%: b)21.37%; ¢)51.52%
Table 2 The granularity distribution of nano-composite structure in water 4567 T~ 848, I Wi+ T BAL-F RN A AR K
Particle size(gm) 0.5 1.0 15 2.0 25 BAERBRTH L EREAM(ERNES

Organic content 51.51% 97.97% 2.03% 0% 0% 0%

Without organic content 88.07% 7.2% 4.56% 0% 0%

Table 3

toluene

The granularity distribution of nano-composite structure in

Particle size{um) 0.5 1 1.5 2 2.5
0% 0%

Organic content 51.51% 88.61% 11.39% (%

Without organic content  66.24% 24.76% 7.40% 1.61% 0%

SERR, AXRUTLUAFHXKRTAR
BB R ) MCM-48 fE 5 T HLE A TE B 40 K M

AL 2R 1Si0, :0.21Na, 0:0.65CTABr: 62H,0. %
PLERETKE FRTHAR S min WXGTE
EMTRBILIFERFROXI-AIARMER T
GER (Q)HIK PSR F R mAAE R P4
A LB TN SR CIRKRMER TFHNEA
VHESBIUEOIR ~51% 2B FHHESE
B ARRER TAERENEREARPHS
BRI EIHSRYARRER FHEIEHRE
SRR S .
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FORMATION OF NANOCOMPOSITE STRUCTURE THROUGH in situ
SELF-ASSEMBLY OF INORGANIC SILICA PRECURSORS
AND ORGANIC TEMPLATE

HE Jing, FENG Tac, DUAN Xue
( The Key Laboratory of Science and Technology of Controliable Chemical Reactions , BUCT , Ministry of Deucation, Bejing  100029)
TIAN Ming
( College of Materials Science and Engincering , Beijing University of Chemical Technology, Bejiing 100029)

Abstract inorganic/organic nano-composite materials exhibit enhanced performance due to the nano-size effect of
the inorganic phase dispersed in the organic matrix.The conventional way 1o prepare nano-composite materials is 1o
mix nano-dimensional inorganic particles into a polymer matrix. The inorganic particles, however, are usually non-
homogeneously dispersed because on energy considerations the aggregation of the inorganic particles is favored. In
addition, the distinct difference in surface characters belween the discontinuous inorganic phase and continuous
organic matrix has an adverse effect on the dispersion of the former. The design of a novel inorganic-organic nano-
composite structure is thus put forward in this work. By taking advantage of the nano-sized pore diameter and wall
thickness, MCM-48 is proposed as the inorganic component of the novel inorganic-organic nano-composite structure,
and the nano-composite structure is proposed to be formed through in-situ self-assembly of inorganic silica precursors
and organic template . The effects of the conditions including the concentration of alkali solution , pre-hydrolysis step,
organic/inorganic molar ratio, pre-assembly time and pre-assembly temperature on the self-assembly have been
investigated . The proposed nano-compesite structure can be formed with CTABr as the organic template and TEOS as
the inorganic precursors . The novel aspect of this nano-composite structure is that the organic phase in the nano-sized
pores is isolated by the inorganic phase. The organic template extends along the channels to the openings and is
beneficial to the dispersivity of nano-composite particles in both polar and non-polar medium such as water and
toluene . The conlent of the organic template can be varied to optimise the properties of the nanc-compesites. The
inorganic-organic nano-composile particles are expected to be favorable to the interaction bteween the nano-composite
structure and a bulk polymer matrix.

Key words Seli-assembly, Nanocomposite, in situ Formation



