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Abstract

Spherical mesoporous silica materials with controllable surface area and uniform pore size were synthesized via evaporation induced self-
assembly (EISA) method in this study. Both well-ordered and less-ordered mesoporous silica particle (MSP) adsorbents were made via adjusting
the surfactant/silica precursor molar ratio. And the relationships between the physical characteristics of MSP adsorbents and the acetone
adsorption behaviors were examined for the first time. The results indicated that an increase in the specific surface area results in an increase
in the acetone adsorption capacity. But if a further increase in the surface area causes a less structured adsorbent then the acetone adsorption
capacity could become less even though the specific surface area is of the highest value of 1337 m? /g. The acetone adsorption capacity of
well-ordered MSP adsorbent is more than twice of that of the commercial ZSM-5 zeolite adsorbent due to its relatively higher surface area
and uniform pores. The well-ordered structure of MSP also leads to higher acetone adsorption efficiency and a sharper breakthrough curve due

to fast pore diffusion.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Volatile organic compounds (VOCs) are major air pollu-
tants in industrial processes and environmental activities which
must be controlled under stringent environmental regulations
in many countries. There are commercialized VOCs control
technologies such as combustion, adsorption, absorption, biofil-
tration, and catalytic oxidation. And adsorption is one of the
most widely employed methods in practical industrial opera-
tion because of the easy operation and low cost with efficient
recovery of most VOCs (Ruhl, 1993). Porous adsorbents such
as activated carbon (AC) and zeolite are commercially avail-
able for VOCs treatment. And new mesoporous silica materials
such as MCM-41 have been widely studied on adsorption of
VOCs (Zhao et al., 2001).

The most important characteristics of porous adsorbents
are their surface properties such as porous structure, pore
size distribution, wall thickness, specific surface area, and
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hydrophilic-hydrophobic properties. However, efforts on com-
parison of VOCs adsorbents or catalysts have often been based
on adsorbents of complicated pore structure with pore scales
that may range from micro- to macro-sizes. Serrano et al. (2007)
have reported the adsorption properties of different zeolites and
indicated that the affinity to adsorbates resulted from the fact
that elemental framework plays an important role on the adsorp-
tion. However, information on the relationship between VOCs
adsorption and the pore structure of adsorbents is still limited.
This leads to difficulty in systematically analyzing the adsorp-
tion behaviors during either adsorption or catalysis processes.

In recent years, controlling the physical property of porous
adsorbent becomes easier due to the progress in nanomaterial
preparation technologies. The MCM-41 firstly manufactured
by mobile (Beck et al., 1992) and mesoporous silica particles
(MSP) was then modified from the MCM-41 materials by Lu
et al. (1999). The MSP was produced by an evaporation in-
duced self-assembly (EISA) method and it combines the sim-
plicity of sol—gel process and aerosol-assisted process with the
efficiency of surfactant self-assembly The principle of EISA
route for producing MSP is that the evaporation of solvent in
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precursors during aerosol process causes multi-phased as-
sembly of surfactant micelle, which resulted in the inward
meso-structure of silica droplets in a synthesized time of only
several seconds. Thus rapid synthesis of mesoporous struc-
tured materials is the major advantage of EISA as compared
to the hydrothermal method for producing MCM-41.

This study intends to synthesize MSP via EISA method
and investigate its adsorption performance on the removal of
acetone, which is one of the most common VOCs emitted
from semiconductor and opto-electronic industries. A system-
atic analysis on the effects of specific surface area and pore
structure of MSP adsorbent on the acetone adsorption behav-
iors is performed.

2. Experiments
2.1. Synthesis of MSP

Fig. 1 shows the experimental setup for the preparation of
MSP adsorbents via EISA method. Cetyltrimethyl ammonium
bromide (CTAB) was used as the structure-directing template
and tetraethyl orthosilicate (TEOS) was used as the silica pre-
cursor. The molar gel composition of the synthesized mixture
was TEOS: x CTAB: 10 ethanol: 40 H,O: 0.008 HCI (x varies
from 0.06 to 0.26). The reagents were mixed and nebulized by
an ultrasonic atomizer and carried by a high-pressure, clean,
and dry air flow. Then the reagent flow was passed through a
high-temperature tubular reactor with two heating zones. The
total flow rate was set at 2.0 LSTPmin~!.

The heating length was 50 cm and the inner tube diameter
was 1.27 cm for each heating zone. The first and second heating
zones of the reactor were controlled at temperatures of 150
and 550 °C, respectively. The first heating zone was used for
self-organization of the particles via solvent evaporation. The
second heating zone provides temperature for the calcination,
inorganic condensation, and densification of the particles. After
the heating processes, MSP were collected on a high-efficiency
filter maintained at a temperature of 150°C to avoid water
condensation. Finally, the collected MSP were further calcined
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at 550°C for 4h to eliminate the organic structure-directing
template (Lu et al., 1999; Lin et al., 2005).

2.2. Characterization of MSP

The morphology and structure of MSP adsorbents were char-
acterized by using transmission electron microscopy (TEM,
Hitachi H-7100, Japan) and X-ray diffraction (XRD, Rigaku
D/MAX-B, Japan, using Cu Ku radiation n source at 1.54 A).
The Brunauer—Emmett-Teller (BET) specific surface area
of the materials was measured by N, adsorption—desorption
isotherms at 77 K using a surface area and porosimetric in-
strument (Micromeritics ASAP 2020, USA). The synthesized
samples were out-gassed at 350°C for 4h under high vac-
uum before the surface area measurement. The specific pore
volume, average pore diameter, and pore size distribution
were obtained from the nitrogen adsorption and desorption
isotherms by Barrett—Joyner—Halenda (BJH) theory.

2.3. Acetone adsorption test

Acetone was selected as the target adsorbate in this study.
A thermo-gravimetric analyzer (TGA, Netzsch TG209 Fl,
Germany) was used to measure the equilibrium adsorption
capacity of acetone. MSP adsorbents were loaded on the TGA
sample holder and purged with nitrogen gas at temperature of
200 °C for 1 h before acetone adsorption test. The mass change
of MSP adsorbents during acetone adsorption was then mea-
sured under isothermal condition of 25°C. The inlet acetone
concentration was 15000 ppmv; it is the saturated concentra-
tion at 25°C as obtained by passing the N» gas stream into
two impingers containing liquid acetone. The flow rate was
65cm?3/min during each adsorption experiment. The equi-
librium adsorption capacity of acetone was determined until
negligible weight change (less than 0.01% difference) was
observed.

A packed column test was also performed for obtaining the
breakthrough curve and for simulating the practical adsorption
process. The adsorbent of ~ 200mg was packed inside an
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Fig. 1. Experimental setup for synthesizing mesoporous silica particle (MSP) adsorbents via evaporation induced self-assembly (EISA) method.
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adsorption column of 1cm i.d. Under a typical test, the ace-
tone inlet concentration was 1000 ppmv as diluted with clean
air. But for the adsorption isotherm tests, the acetone inlet con-
centration ranged from 100 to 1500 ppmv. The packed column
tests were performed at 25 °C with a total system flow rate of
500 cm?3/ min. The inlet and outlet acetone concentrations were
measured by GC-FID (SRI 8610C, USA).

3. Results and discussion
3.1. Characterization of MSP adsorbents

The synthesized samples are denoted as S-X, where X cor-
responds to the precursor molar ratio of CTAB surfactant to
TEOS silica source (Surf/Si). For example, SO06 and S26 indi-
cated that the adsorbent samples were prepared under Surf/Si
molar ratios of 0.06 and 0.26, respectively.

The TEM images of MSP adsorbents produced at various
Surf/Si molar ratios are shown in Fig. 2. The surface texture of
S06 illustrated in Fig. 2(a) shows rough surface structure with
irregular pores. The formation of less-ordered mesopores at low
surfactant concentration may be because that CTAB surfactant
concentration could not thoroughly overtake the critical micelle
concentration (CMC) during the evaporation process (Baccile
et al., 2003).

The TEM images of S12 and S18 samples shown in Figs. 2(b)
and (c), respectively, indicated that these two adsorbent sam-
ples have better-ordered pore structures. In the Surf/Si molar
ratio region of 0.12-0.18, the CMC of forming rod shape mi-
celles can be achieved during alcohol and water evaporation
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Fig. 3. X-ray diffraction patterns of MSP adsorbents.

Fig. 2. TEM images of MSP adsorbents: (a) S06, (b) S12, (c) S18, (d) S22. The scale bar in the images is 50 nm.
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Table 1

Physical properties of porous silica adsorbent particles characterized by XRD and BET analyses

Sample name Surf/Si molar ratio v, (cm?/g) Sper? (m?/g) dpig© (nm) digo? (nm) Unit cell ¢ (nm) T,! (nm)
S06 0.06 0.355 424 2.7 - - -
S10 0.10 0.606 754 2.5 4.1 4.7 2.1
S12 0.12 0.682 856 2.5 39 4.6 2.0
S14 0.14 0.794 1006 2.5 3.7 44 1.9
S16 0.16 0.750 1073 2.4 3.6 4.1 1.7
S18 0.18 0.895 1153 2.4 34 3.9 1.5
S22 0.22 0.935 1337 2.5 33 3.8 1.3
S26 0.26 0.637 1252 - - - -

2Pore volume.

PBET surface area.

“Pore diameter calculated by BJH theory.
dd-spacing between (100) planes.
®Hexagonal unit cell (Eq. (2)).

fPore wall thickness (Eq. (1)).

so that ordered 2D-hexagonal structure can be formed. And
the hexagonal structure of the samples can be clearly observed
in the enlarged TEM images of Figs. 2(b-2) and (c-2). The
mesoporous order is constructed of either arranged hexagonal
spots (i.e., tubular pores perpendicular to the particle surface)
or tubular pores parallel to the particle surface. This observa-
tion is similar to that in the literature (Bore et al., 2003). The
MSP adsorbents made by EISA process are spherical shape
particles with 2D-hexagonal structure, while the MCM-41 ma-
terials made by hydrothermal method are usually in irregular
shapes with 1D-hexagonal structure. And by comparing with
1D-hexagonal MCM-41 material of oriented pore structure, the
domain of hexagonally ordered tubular pores was smaller than
that of MCM-41 materials. The 2D-hexagonal structure may
be due to the bending of rod micelle of surfactant in order to
fit into the spherical shape of particles.

Fig. 2(d) illustrates the TEM image of S22 sample. One can
see that there is apparent disorder in the surface structure of
mesoporous particles. The formation of less-ordered pore struc-
ture may be due to the partial collapse of rod micelle structure
during the surfactant removal. Another reason to explain less-
ordered pore structure is the formation of new shape micelles
such as vesicles and reverse micelles that decrease the unifor-
mity during self-assembly of micelles (Baccile et al., 2003;
Bore et al., 2003).

The mesoporous structures of the samples were confirmed
by XRD patterns as shown in Fig. 3. The (100) diffraction
peaks located at about 20 =2.3-2.7° are more clearly observed
for samples prepared under Surf/Si molar ratios of around
0.12-0.18. This reveals the evidence of more-ordered meso-
porous structure. One can also see from Fig. 3 that the XRD
peaks tend to be shifted to larger angles as the Surf/Si molar
ratio is increased, which leads to the decreases of d-spacing
values, i.e., center-to-center pore distance as listed in Table 1,
and will be discuss in the detail in the next section.

The intensities of diffraction peak for S12-S18 samples are
higher than that of S22 sample, which means that the uniformity
of mesopores and the order of structure for Surf/Si=0.12-0.18
are better. The presence of broadening and reduction in the in-

tensity of diffraction peak for S22 sample further confirms the
collapse of some pores and thus leads to the less-ordered meso-
porous structure. Both a further increase of the Surf/Si molar
ratio beyond 0.22 and a decrease of Surf/Si molar ratio below
0.10 result in the flattening of XRD peaks at 20 = 2.3-2.7°.
This is consistent with the TEM images shown in Fig. 2.

3.2. Surface area analysis

The nitrogen adsorption and desorption isotherms of MSP
adsorbents as prepared under various Surf/Si molar ratios are
shown in Fig. 4. The nitrogen adsorption/desorption isotherms
for S06-S22 samples exhibit a type IV isotherm based on
TUPAC classifications. This is typical for mesoporous solid par-
ticles with a slight hysteresis and indicates narrow pore size
distributions of the samples. Samples prepared under Surf/Si
molar ratios of 0.06-0.22 reveal a rapid increase in the adsorp-
tion quantity at a relative pressure range of 0.2-0.3, which is
the evidence of capillary condensation of nitrogen molecules in
the primary mesopores. The S26 sample displays a different ad-
sorption/desorption isotherm from other samples. Its isotherm
curve appears to be a type I isotherm based on the IUPAC clas-
sification, which is typical of microporous structure.

Fig. 5 shows the BJH pore size distributions of S06-S26
samples. The BJH pore size distributions of all samples except
S26 display narrow pore size distributions with mode diameter
of around 2.4-2.5 nm. And the peak of pore size distribution for
S18 sample is higher than the other samples This indicates that
S18 sample has the most uniform mesoporous structure. On the
other hand, the BJH pore size distribution of S26 is shifted to
the micropore region of less than 2 nm and thus it could not be
detected in this study. The result is consistent with the nitrogen
adsorption/desorption isotherms as shown previously in Fig. 4
that S26 has a type I isotherm curve of microporous structure.

The values of BJH pore diameter (dpjy) for all samples are
listed in Table 1. As S06-S22 samples were prepared by the
same surfactant they do not show significant difference and
range from 2.4 to 2.7nm. The specific surface area (SpgT),
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Fig. 4. Nitrogen adsorption/desorption isotherms of MSP adsorbents.

specific pore volume (V),), and wall thickness of all the samples
(Ty) are listed in Table 1. The specific surface area for SO6—-S26
samples ranges from 424 to 1337 m?/g, and it increases with
increasing the Surf/Si molar ratio up to 0.22. Both the maximum
surface area and pore volume are achieved by sample made
from Surf/Si molar ratio of 0.22.

The pore wall thickness (7y,) was calculated by taking
the difference between the hexagonal unit cell parameter (a)
and the BJH pore diameter (dpyg) with the assumption that
mesopores in all samples are presented in a perfect hexagonal
structure:

Ty =a — dgju. (D
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Fig. 5. BJH pore diameter distributions of MSP adsorbents.

The hexagonal unit cell parameter (a) is related to d-spacing
(d100) (Kruk et al., 1997) by

a= Zdloo/\/g. ()

The calculated results are listed in Table 1 and they reveal
that the pore wall thickness decreases from 2.1 to 1.3 nm as the
Surf/Si molar ratio increases form 0.06 to 0.26.

From Table 1 it is known that the BET surface area and the
wall thickness of the samples can be controlled by adjusting the
Surf/Si molar ratio. The Surf/Si molar ratio, the BET surface
area, and the wall thickness were found to be in a good lin-
ear relationship for the Surf/Si molar ratio range of 0.12-0.18.
Thus, for well-ordered MSP adsorbents the surface area and
the wall thickness of the pore could be easily controlled by ad-
justing the Surf/Si molar ratio within the range of 0.12-0.18.

3.3. Optimal Surf/Si molar ratio

The molar ratio of Surf/Si is the most important parame-
ter that controls the physical properties of MSP adsorbents.
The concentration of surfactant affects the formed micelles and
determines the shape and order of mesopores in the particles
(Baccile et al., 2003; Bore et al., 2003; Lu et al., 1999). The
well-ordered hexagonal structure of MSP was obtained using
optimal Surf/Si molar ratios between 0.12 and 0.18. Similar
results were obtained by Baccile et al. (2003), who reported
the optimal molar ratios ranging from 0.15 to 0.25. The differ-
ence in the optimal molar ratio is mainly caused by operating
conditions and the amount of precursor solvent.

The evaporation time of mixture from atomized droplets de-
pends markedly on the system flow rate and the initial surfac-
tant concentration. Appropriate evaporation time can enhance
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Fig. 6. Equilibrium acetone adsorption capacity of MSP adsorbents from TGA
analyses at an acetone inlet concentration of 15000 ppmv. Both well-ordered
and less-ordered MSP show linear relationship between acetone adsorption
capacity and specific surface area. But the well-ordered MSP has a significant
increase in the adsorption capacity.

the formation of micelles with a well self-assembled hexag-
onal structure. The system flow rate in the report of Baccile
et al. (2003) was 1.5 times higher as compared to this study. It
led to the decrease of evaporation\drying time.

In addition, the amount of ethanol concentration in the report
of Baccile et al. (2003) is triple as compared to that used in
this study. The concentration of alcohols in the sol-gel mixture
is critically important for the formation of self-organization
of micelles into periodic meso-structures. It was reported (Li
et al., 2006) that the CMC of the surfactant increased with the
increase of ethanol concentration in the ethanol/water/CTAB
mixtures, thus resulting in the gradual decrease of the micelle
size. This is because a small amount of co-solvent (ethanol) in
the water/CTAB mixtures can promote the surfactant solubility
and enhance the micelle formation.

3.4. Acetone adsorption and mass transfer zone

Fig. 6 displays the equilibrium acetone adsorption capacity of
the MSP adsorbents measured by TGA as a function of specific
surface area. It is interesting to note that the adsorption capacity
of MSP adsorbents can be divided into two distinct groups by
linear regression. The upper group includes S12, S14, S16, and
S18 samples, which are the well-ordered mesoporous structural
MSP adsorbents. The other group includes S06, S10, S22, and
S26 samples, which are the less-ordered porous or worm-like
structural MSP adsorbents. As observed from the result, well-
ordered mesoporous structural MSP adsorbents lead to better
acetone adsorption capacities as compared to less-ordered ones.
But both groups show linear increases of the acetone adsorp-
tion capacity with the specific surface area. This is reasonable
since all mesoporous silica samples have similar values of pore
diameter.

The maximum adsorption capacity is 183 mg/g for S18 sam-
ple (Surf/Si molar ratio of 0.18). This is in accord to its higher

a

1.1

1.0 0000000080000600
K Kel

0.9 .' .0

0.8 1 @ S18 o

0.7 - —Oe 8§22 ‘ .0.0'

0.6 i o

0.5 o

0.4 Q'.

0.3 - o

0.2 o

- o

0.0 o0o0o0Ceeee

C/Co

0 10 20 40 30 50 60
Time (min)

100 4 Qe 00.*0. ...... @ @ [ JeeTee @
90 - O

70 - o

60 - a

50 "o

40- %y

.
o.

10 3

0- ~50|mg/g ~110{mg/g

Acetone Removal (%)

T T T T T T T
0 20 40 60 80 100 120 140
Cumulative Adsorption Capacity (mg/g)

Fig. 7. (a). Breakthrough curves for S18 (well ordered) and S22 (less ordered)
MSP adsorbents from packed column tests at an acetone inlet concentration
of 1000 ppmv. (b). Acetone removals as a function of cumulative adsorption
capacity for S18 (well ordered) and S22 (less ordered) MSP adsorbents from
packed column tests. The break point was set at 90% acetone removal.

specific surface area. However, a further increase of the specific
surface area for S22 and S26 samples does not lead to a further
increase of the acetone adsorption capacity as compared to the
S18 sample. This might be due to the limitation of less unifor-
mity in the pore structure that restrained the internal diffusion
of acetone adsorbate in the pores. Thus, the pore structure of
adsorbent is also a key factor for its adsorption capacity. From
the above results, one can know that the highest adsorption ca-
pacity did not occur on S22 sample with the highest specific
surface area. The highest adsorption capacity appears for S18
sample which has a lower surface area but more uniform pore
structure.

To further clarify the effect of porous structure, packed col-
umn adsorption tests for S18 and S22 adsorbents were per-
formed. Fig. 7(a) shows the breakthrough curves of S18 and
S22 adsorbents. As can be seen from the breakthrough curves,
the S18 adsorbent provides a sharper breakthrough curve (thus a
thin mass transfer zone) as well as a higher adsorption capacity
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than those of S22 adsorbent. This may be due to differences in
the effective internal diffusion arising from differences in pore
tortuosity or connectivity. The S22 adsorbent which has a less-
organized pore structure should have longer diffusion time in
the pores thus resulting in a broader breakthrough curve (thus
a thick mass transfer zone).

Fig. 7(b) shows the acetone removal as a function of cumu-
lative adsorption capacity. For practical application, the adsor-
bent in an adsorber should be replaced at the break point. And
by setting a typical break point of 90% acetone removal for
VOCs abatement of semiconductor and opto-electronic indus-
tries, it is observed that although both samples have similar ad-
sorption capacity of ~ 130 mg/g at exhaustion, the advantage
of thin mass transfer zone for S18 adsorbent results in a better
adsorption capacity at the break point. The cumulative acetone
adsorption capacity at 90% acetone removal for S18 sample is
around 110 mg/g, which is more than twice that of S22 sample,
50 mg/g.

In addition, acetone adsorption isotherms are examined by
the packed column tests. Experimental data were fitted to the
well-known isotherm models of Langmuir (1916, 1918) and
Freundlich (1906):

1 1

C
Langmuir: — = + —Ce, (3
ge  q0KL  qo

1
Freundlich: logg.log Kr + —logC,, @)
nr

Where C, (ppmv) and g, (mg/g) are the gas phase concentra-
tion and solid phase adsorption quantity of acetone at equilib-
rium, respectively; Ky is the Langmuir isotherm constant; gg
(mg/g) is the single layer acetone adsorption capacity; Kr is
the Freundlich constant; and nr is the heterogeneity factor.

Fig. 8(a) illustrates the Langmuir adsorption isotherm of S18
and S22 MSP adsorbents and Fig. 8(b) shows the Freundlich ad-
sorption isotherm of them for adsorbing 100—1500 ppmv of ace-
tone vapors. The Langmuir and Freundlich adsorption isotherm
parameters for the adsorption of acetone vapors onto S18 and
S22 MSP adsorbents are listed in Table 2. The fitted results
of both Langmuir and Freundlich isotherms showed good cor-
relation with R? values > 0.96. This indicates that the two
adsorption isotherm models are both reasonable for describ-
ing acetone adsorption behaviors at acetone concentrations of
100-1500 ppmv. The values of nr > 1 in Freundlich model as
seen in Table 2 reflected favorable adsorption of acetone va-
pors onto S18 and S22 MSP adsorbents. On the basis of the
Langmuir analysis, the single layer acetone adsorption capaci-
ties go are calculated to be 175.4 and 161.3 mg/g for S18 and
S22 MSP adsorbents, respectively, as listed in Table 2.

3.5. Comparison with ZSM-5 zeolite adsorbent

The ZSM-5 zeolite adsorbent is one of the most popular com-
mercial adsorbents for semiconductor and opto-electronic in-
dustries on the VOCs adsorption (Chang et al., 2003). Thus, if
the MSP can have a better adsorption capacity then it will have
high potential to replace the zeolite for commercial application.
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Fig. 8. (a). Langmuir adsorption isotherm for S18 and S22 MSP adsorbents.
(b). Freundlich adsorption isotherm for S18 and S22 MSP adsorbents.

Fig. 8 shows the comparison of equilibrium acetone adsorption
capacity as well as cumulative adsorption capacity at 90% re-
moval between commercial ZSM-5 zeolite (CBV8014, Zeolyst,
Si0,/Al>,03 = 80) and S18 MSP adsorbents.

The ZSM-5 zeolite was expected to have higher affinity to
acetone molecules due to their relatively higher polarities as
compared to the pure siliceous MSP adsorbent; thus it should
lead to a better adsorption capacity than hydrophobic MSP
adsorbent. This was observed in the authors’ previous studies
(Lin et al., 2005; Lin and Bai, 2006). The surface area of MSP
made by Lin and Bai (2006), 872 m? /g, was about twice that
of the commercial ZSM-5 zeolite, 420 m?/g. But their acetone
adsorption capacity was about the same as or even less than
that of the ZSM-5 zeolite.

In this study, an optimization of the process leads to much
higher surface area of S18 sample (1153m?/g) as well as
a better-ordered pore structure that provides more adsorption
sites and fast adsorption rate. Thus, the resulting acetone ad-
sorption capacity of S18 adsorbent becomes more than that of
ZSM-5 zeolite as observed in Fig. 9. The equilibrium acetone
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Table 2
Summary of the Langmuir and Freundlich isotherm constants
Isotherm Adsorbent Parameters R-square
qo0 (mg/g) Ky (1/ppm)
Langmuir S18 175.44 0.0050 0.973
S22 161.29 0.0052 0.989
Kr nr
Freundlich S18 18.42 3.48 0.983
S22 24.46 4.14 0.963

mmm Equilibrium acetone adsorption capacity
% Cumulative adsorption capacity (at 90% acetone removal)
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Fig. 9. Comparison of the equilibrium acetone adsorption capacity and cu-
mulative adsorption capacity at 90% acetone removal between S18 MSP
adsorbent and commercial ZSM-5 zeolite.

adsorption capacity of S18 adsorbent is 183 mg/g, which is
more than twice that of the ZSM-5 zeolite adsorbent, 86 mg/g.
While for 90% removal of acetone, the cumulative acetone ad-
sorption capacity of MSP is around 110 mg/g, which is much
better than that of ZSM-5 zeolite, 24 mg/g. This provides a
high advantage for practical adsorption application using S18
adsorbent since it can be operated at a high acetone removal
efficiency with much less quantity of adsorbent.

4. Conclusions

It has been demonstrated that MSP adsorbents synthesized
via EISA method with optimal Surf/Si molar ratios of 0.12—0.18
have the characteristics of high surface area, narrow pore size
distribution, and well-ordered hexagonal mesoporous structure.
The surface area is proportional to the Surf/Si molar ratio up
to 0.22. But the wall thickness between pores becomes thin-
ner. The highest acetone adsorption capacity appears at S18
sample, which has a less specific surface area but a better pore
structure as compared to the S22 sample. The better uniformity
in the pore structure of S18 sample increases the rate of pore
diffusion of acetone vapors and results in higher adsorption
capacity as well as thinner mass transfer zone. The adsorp-
tion capacity of MSP made by EISA method is also superior

to that of ZSM-5 zeolite used commercially by semiconductor
and opto-electronic industries for abating VOCs emissions. In
conclusion, the high adsorption capacity of S18 MSP reveals
high potential to be a novel organic adsorbent.
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