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In general nano-sized silica powders are synthesized using the Stber method. A system of chemical reactions has been
developed which permits the controlled growth of spherical silica particles of a uniform size by the hydrolysis of alkyl silicates
and subsequent condensation of silicic acid in alcoholic solutions. In this study nano silica powders were synthesized using a
low cost sodium silicate instead of high cost alkoxide or organo-metallic compound. Cetyltrimethylammonium bromide
(CTABr) was used as an additive to control the particle shape and produce a large surface area. The particle shape and specific
surface area were controlled with various molar ratios of CTABr, ethyl acetate, DI water and water glass. The nano silica
powders were characterized using BET(Brunauer, Emmett & Teller, specific surface area, powder pore size and distribution),
and a scanning electron microscope.
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Introduction

Silica, commonly named silicon oxide, is configured
with four to six oxygen atoms and also comes in other
forms. Recently the metal and oxide powder of the precursors
have become useful materials in various fields because
they have new physicochemical properties which do
not appear in the corresponding bulk materials [1].

Propertis of the silica corpuscular powder is widely
applied in the mechanical industry and as precise systems
for chemical catalysts, ceramics, restriction, chromatography,
pigments, electronic components, mechanical materials,
photoelectricity elements and colloids. Applied fields
for the silica corpuscular powder are expanding gradually
because of the physicochemical merits of it.

Silica powder has demonstrated various properties
according to its purity, shape, size and distribution and
these have been investiqated.

Particle shape, size, and monodispersity were analyzed
with an SEM, and the specific surface area, pore diameter
and pore distribution were calculated from N2 adsorption
using the BET method.

Currently there are various methods to manufacture
silica such as the gas-reaction method, precipitation, solvent
elimination and a sol-gel method. Silica can be synthesized
in a similar was to ceramic particles. The Sol-gel method
has the merit of producing silica, by controlling the size

and distribution at low temperatures. In this study water-
glass was used as a precursor instead of expansive
materials such as alkoxide or organometallic compounds.
The effect of surfactant CTABr’s density, reaction velocity
and water-glass density were investiqated.

Experiments

Materials. Sodium silicate solution (SIGMA-ALDRICH
contains ~14%NaOH ~27% SiO2), 1N-hydrocholric acid
solution (DAEJUNG), hexadecyltrimethylammonium bro-
mide (CTAB) 99%+, and Ethy acetate 99.5% (SAMCHUN)
were purchased.

Synthesis procedures were divided into three different
groups on the basis of the water glass.

Procedure 1 : Fig. 1 shows the general method to make
porous silica using CTABr. A Sol-gel was used to synthesize
silica powder and control the particle size with shape
control. Fig. 2 shows the standard experimental process.
In the first step, the synthesized precursors were a sodium
silicate solution and HCl. The reaction mixture was
prepared by pipetting water-glass at 0.05 ml/s into a
glass beaker containing the water and HCl solution.

The solution was stirred for 20 hours and a gel formed.
The gel was washed in a filter paper with distilled water
or centrifuged to remove NaCl and other impurities. The
gel was dried in a drying oven at 90 oC for 22 hours,
microwaved for 30 minutes, and sieved to 20 μm.

Table 1 shows reaction condition.
Procedure 2 : Fig. 3 shows the second method of the

spherical particle synthesis.
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In a typical synthesis, the reaction mixture for the
synthesis of water glass was prepared in a glass vessel.
CTABr and sodium silicate solution were dissolved in
distilled water. Ethyl acetate (99.5% Samchun) was
added and, the mixture was stirred with a magnetic bar

at 400 rpm. After 30 minutes, a precipitate began to form
and the mixture was incubated at ambient temperature
for 24 hours. In this process, the separation of solid
particles from the solution occurred by sedimentation,
which enabled removal of the supernatant. The suspension
of the solid product was transferred into a polypropylene
bottle and aged at 90 oC for 50 h. The shortening of this
step led to a slight deterioration of the structural parameters.

The aged solids were recovered by filtration of the
warm reaction mixture, and they were washed extensively
with distilled water and ethanol, and dried at ambient

Fig. 1. The micelle formation mechanism.

Fig. 2. Schematic diagram of synthesis (1).

Table 1 Reaction condition (1)

Sample Water WaterGlass HCl

A 20 2.1 5

Fig. 3. Schematic diagram of synthesis (2).
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temperature. The CTABr was removed by calcination at
600 oC for 20 h in flowing air.

Table 2 shows reaction condition.

Procedure 3 : Fig. 4 shows the second method of the
spherical particle synthesis. Silica particles were
synthesized by the sol-gel method under the conditions
specified in Table. 3.

Specifically, 1N HCl and CTAB were placed into 20 mol
water and stirred at 400 rpm with a magnetic bar. When
the pH was less than one, 1 M sodium silicate solution was
added slowly to the solution and stirred for 2-3 minutes
with a pipet. At this step, the pH increased rapidly as
indicated in Fig 5.

The solution was aged for 90 minutes after stirring and
the precipitated reactant was washed by filtering with DI-
water to remove NaCl The precipitate was dried at 50 oC,
which is very important for the sol-gel process because
silica particles may aggregate if not dried slowly enough.
submicrometer pores in silica particles in the solution
generated capillary-force by drying solution. Therefore
slow drying was performed in this study. Calcination was
performed at 600 oC for 10 hours and sampled.

Results and Discussion

According to the scheme of this study, cubic and spherical
silica particles were manufactured using water glass with
the hydrolysis of silicon alkoxide. The mechanisms of
the condensation reactions are the following [2-4].

Hydrolysis reaction : Si-OC2H5 + H2O ↔ Si-OH +
C2H5OH (1)

Alcohol polymerization : Si-OC2H5 + Si-OH ↔
Si-O-Si + C2H5OH (2)
Water polymerization : Si-OH + Si-OH ↔ Si-O-

Si + H2O (3)
Total reaction : Si(OC2H5) + 2H2O↔ SiO2↓ + 4C2H5OH

(4)
The synthesis of metallic salts with water-glass and HCl

resulted in particles with NaCl. The NaCl can be removed by
centrifugation or filtering and drying in a drying oven
or microwave [5].

Reaction velocity
Fig. 5 show the transformation of the reaction velocity.

We can know that almost reaction already made it before
100 seconds.

Mophology

Fig. 6 illustrates the scanning electron microscope_
(SEM) images of silica particles from different manu-
facturing methods after washing and drying.

The synthesized silica was manufactured in 20 to
100 nm cube(Fig. 6A)[6-8].

We were able to identify relative uniformity of particles
with 20-30 nm diameters(Fig. 6C). Theoretically, a micelle
forms with a cylinderical shape using CTABr, however this is
difficult. As demonstrated by SEM, we were able to produce
rod-like silica with 20 nm width and 70 nm length(Fig. 6B)
[9]. A silica monolayer was observed with an approximate
thickness of 20 nm(E-1,E-2). Larger particles were observed

  

  

  

  

 

Table 2 Reaction condition (2)

Sample Water CTABr Ethyl acetate WaterGlass HCl

B 20 0.025 1.33 2.1 5

Fig. 4. Schematic diagram of synthesis (3).

Table 3 Reaction conditions (3)

Sample Water CTABr WaterGlass HCl

C 20 0.025 1 1.5

D 20 - 1 2.7

E 20 0.028 1 1.5

F 20 0.014 1 2.7

Fig. 5. Transformation of the reaction velocity.
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at a controlled concentration and necked particles were
generated more with TEOS because the NaOH in the water
glass obstructed the production of homogeneous particles.

Morphological control was achieved through deposition
of self-assembled spherical and rodlike silicate micelles.
The formation of the mesoporous silica particle began with
the nucleation of the silica surfactant interactions [4].

Fig. 7, 8 show necking phenomenon mechanism of silica.

Fig. 6. SEM images of (A) cubic,- (B) spherical and rod-like, (C, E-1, E-2) spherical and (F) irregular spherical SiO2 shapes.

Fig. 7 Necking phenomenon mechanism of silica by Na+

Fig. 8. SEM image of necking silica particles.



Control of the size and morphology of nano-size silica particles using a sodium silicate solution 557

XRD

Filtering to remove NaCl was more effective than
using a centrifugal separator or filtration, as shown in the
XRD spectra of Figs. 9 and 10 with different molarities.

With a lower density of water-glass, the amount of
HCl acid decreased, the surface area was wider and the
homogeneity of the particles increased.

Surface Area

A linear increase of the absorbed volume at low
pressures was followed by a steep increase in nitrogen
uptake at a relative pressure of 0.6 < p/p0 < 0.8 for (Fig.
11A) which was due to capillary condensation inside
the mesopores [10-12].

Fig. 9. XRD data of NaCl confirmed before washing.
Fig. 10. XRD data of NaCl removed after washing.

Fig. 11. Specific surface area of silica by BET.
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Conclusions

Silica particles were synthesized by a sol-gel method
and the effective density, reaction time and R(H2O/
surfactant) control were obtained for the synthesis. The
following items were observed. Table. 4 shows conden-
sational total reaction conditions.

1. In the event that the molar ratio of HCl and H2O
increased the particle size decreased.

2. Nano silica powder with a high surface area was
produced using a cationic surfactant CTABr.

3. The nano-sized silica powders with very high specific
surface area and low density were obtained using a low
price water glass solution as a silica source.

4. This study investigated the silica particle size by SEM
and the specific surface area and pore size distribution
were tested using BET.
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Table 4 Reaction conditions (1,2,3)

Sample Water Waterglass CTABr HCl Ethyl acetate Gelation Morphology Surface area (m2/g) Particle size (nm)

A - 2.1 - 5 - O cubic 752.94 20~100

B 20 2.1 0.025 5 1.33 O
rod

circle
936.78

Width 20
Length 70

C 20 1 0.025 1.5 - O circle 844.24 20~30

D 20 1 - 2.7 - X - - -

E 20 1 0.028 1.5 - O circle 1275.42 20~30

F 20 1 0.014 2.7 - O circle 857.84 100~600


