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Abstract

Mesoporous silica particles such as MCM41 have reached wide attention because of its
well-defined ordered porous structure with very high specific surface area and hydrophobic
property. In this study, meso-structured silica particles were produced via aerosol route. The
effects of surfactant concentration on the pore structure and the acetone adsorption capacities
were investigated. The results indicated that the values of specific surface area (754 ~ 1337
m2/g) were increased with increasing the molar ratio of surfactant / silica (Surf / Si) for test
range of Surf/ Si=0.10 to 0.22. The pore size distributions were in the range of 2.0 to 2.6 nm.
An increase in the specific surface area led to an increase in the acetone adsorption capacities
for Surf/ Si ranged from 0.10 to 0.18. But this was not the case for the Surf/ Si = 0.22 sample,
even though its specific surface area was the highest, its acetone saturated adsorption capacity
could be less than that at Surf/ Si=0.18.

Keywords: nano-structured materials, porosity, tetracthoxysilane (TEOS), M41S, evaporation-induced

self-assembly (EISA), aerosol pyrolysis.
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1. Introduction

The mesoporous materials such as zeolite and M41S family have been synthesized [1-5]
and attracted high attention in the past decade due to their unique properties and potential
applications[6, 7]. These materials are typically synthesized by conventional hydrothermal or
sol-gel methods which are time-consumed. A newly developed method of evaporation
induced self-assembly (EISA) to synthesize ordered mesoporous materials was developed by
Lu et al.[8]. The EISA route combines the simple sol-gel process and the aerosol-assisted
process with the efficiency of surfactant self-assembly, thus allowing rapid synthesis of

mesoporous materials.

But up to the present there is limited information on the surfactant molar ratio effect on
the morphology and physical properties of the mesoporous materials manufactured by the
EISA method. The surface area and pore diameter distribution of synthesized materials are
important factors for their applications as adsorbents and catalytic supports. Therefore, the
purpose of this study was to investigate on the effect of Surf/ Si precursor molar ratio on the
physical properties of the hexagonal mesoporous silica powder synthesized via aerosol route.

Their effect on the acetone adsorption capacity was also studied.

2. Experimental

Mesoporous silica particles with various molar ratios of Surf / Si were prepared by
aerosol route. The reagents used in this study were TEOS, CTAB, EtOH, H20, and HCI. The
reagents were nebulized by an ultrasonic atomizer as carried by high pressure air. The reactor
was consisted of two heating zones, the first zone was operated at a temperature of 150 °C and
the second zone was at a temperature of 550 °C. The total residence time of the reaction
system ranged from 6 to 8 seconds depending on system flow rate. The synthesized samples
were collected downstream of the reactor with a high efficiency filter which was maintained
at a temperature of 150 °C to avoid water condensation. They were then placed in an oven for

four hours at a calcination temperature of 550 °C.



The morphology and mesoporous structures of the particles were characterized using
transmission electron microscopy (TEM, Hitachi H-7100) and X-ray diffraction (XRD,
Rigaku D/MAX-B, using Cu Ko radiation source at 1.54 A). Nitrogen adsorption isotherms,
surface area, and pore diameter distribution were determined using a surface area and
porosimetry system (Micromeritics ASAP 2020). The average pore diameter and the pore

distribution were obtained with the Brunauer-Emmett-Teller (BET) equation.

Mesoporous silica particles were tested for application as adsorbents via the saturated
adsorption study of acetone vapors. The adsorption temperature was set to 25 °C.
Approximately 0.1 g of adsorbents prepared by aerosol route were loaded into the adsorption
column (with inner diameter of 1.0 cm) and the inlet flow-rate was operated at 500 cm®/min
in each adsorption experiment. The saturated adsorption capacities of adsorbents were
calculated by the breakthrough curves of the adsorbents, which were obtained by the variation
of acetone concentrations before and after the adsorption system. The acetone concentration
in the gas stream was measured using a gas chromatography / flame ionization detector
(GC/FID, SRI 8610C).

3. Results and Discussion

The synthesized samples were denoted as N-X-T-W, where X corresponded to the 100
x molar ratio of (Surf / Si) and W was the calcined temperature. Table 1 lists the physical
properties of pore volume, surface area, BJH pore diameter, and pore structure. The samples
exhibited high surface area of 753, 1152, and 1337 m2/g, respectively, for the Surf/ Si molar
ratios of 0.10, 0.18, and 0.22.

Table 1. Physical properties characterized by XRD and BET analysis

BJH
) ) Pore Surface .
Sample Synthesized Surfactant/Si desorption Pore
i ) volume area .
code temp (C) ratio pore diameter sturcture
(cclg) (m2/g)
(nm)
N10T550 550 0.10 0.606 754 25 disorderd
N18T550 550 0.18 0.895 1153 2.4 hexagonal
N22T550 550 0.22 0.935 1337 25 worm-like
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Figure 1. TEM image of mesoporous silica particles of N18T550

The TEM image of a typical sample of the N18T550 adsorbents manufactured in this
study was shown in Figure 1. It is clear that the sample exhibited a porous structure, which is
better ordered in the N18T550 sample as compared to other Surf/ Si molar ratio samples. The
ordered mesoporous structures of the samples were also confirmed by small angle x-ray
diffraction patterns. A strong intensity diffraction peak located at about 20 = 2.5° representing
(100) orientation was appeared for the N10T550, N18T550 and N22T550 samples.

The nitrogen adsorption isotherms and pore diameter distributions of the hexagonal
mesoporous silica powder prepared with various molar ratio of Surf/ Si are shown in Figure 2
and Figure 3. The nitrogen adsorption isotherm were of type IV for all samples, typical of
mesoporous solid particles. All samples revealed a rapid adsorption at a relative pressure
range of 0.2 to 0.3, which was the evidence of capillary condensation into uniform

mesopores.

The BJH pore diameter distributions of the N10T550, N18T550, and N22T550 samples
showed a narrow pore diameter distribution centered at around 24 A. However, it was noted
from Figure 3 that the peak intensity for pore diameter distribution of N18T550 sample was
higher than those of N10T550 and N22T550 samples. It may be dut to the rigid and uniform

mesoporous structure of N18T550 sample.

Figure 4 displays the acetone saturated adsorption capacity of the hexagonal

mesoporous silica particles prepared with various molar ratios of Surf/ Si. Regardless of any



acetone inlet concentrations analysis, one can see the saturated adsorption capacity of
N10T550 sample was inferior to the other two adsorbents. On the other hand, at a relatively
high acetone inlet concentration of 300 ppm, the N22T550 adsorbent has the highest
adsorption capacity. But at a relatively low acetone inlet concentration of 100 ppm, the
N18T550 adsorbent has the highest adsorption capacity. With almost the same chemical
components and BJH pore diameter distribution for these samples, the difference of saturated
adsorption capacity between different adsorbents may be due to surface area and mesoporous
structure uniformity. The higher surface area indicated the more active site on surface
structure which can be provided for adsorption. Although N22T550 sample has the highest
surface area, the saturated adsorption capacity of it was nearly the same as or even less than
that of the sample N18T550. Therefore, it was possible that the structure uniformity restrained
the diffusion of adsorbate while with almost the same mesopore diameter for N10T550 and
N18T550 adsorbents, one can see that the surface area was the key factor that affected the

saturated adsorption capacity.
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Figure 2. Nitrogen adsorption isotherms of mesoporous silica particles of N10T550, N18T550,
and N22T550.
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Figure 3. BJH pore diameter distributions of mesoporous silica particls of N10T550,
N18T550, and N22T550.
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Figure 4. Saturated adsorption capacity of acetone via N10T550, N18T550, and N22T550

adsorbents



4. Conclusion

Mesoporous silica particles with various molar ratios of Surf/ Si have been synthesized
via aerosol route. The results indicated that the molar ratio of Surf/ Si was a key parameter on
the surface area and the pore structure. Highly uniform pore diameter distribution and ordered
pore structure of synthesized materials which exhibited high saturated adsorption capacity for
acetone removal can be achieved for molar ratio of Surf / Si = 0.18. Mesoporous silica
particles have a potential to be used as a highly efficient adsorbent in organic vapor
concentrators for controlling VOCs emitted from semiconductor and optoelectronic
manufacturing plants. This has been demonstrated by the adsorption of commonly

encountered organic vapors, acetone, in this study.

5. Project Achievement

So far we have published two conference papers supported from this project, one in the
international conference, Asia aerosol conference (AAC), and the other one in the 3™

Environmental protection and nanotechnology conference:

1. Hsunling Bai and Chin-Te Hung, “Synthesis of mesoporous silica materials via aerosol

process and application as adsorbents” 4™ Asia Aerosol Conference, 2005.

2. Hsunling Bai and Chin-Te Hung, “Production of meso-structured silica particles via
aerosol route for acetone adsorption: effect of surfactant concentration” 3™ Environmental

protection and nanotechnology conference, 2006.

And currently we are writing a journal paper and will submit it to a referred SCI journal

for possible review and publication at the end of the first year project.
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