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Hydrothermal is common process for synthesizing well-ordered mesoporous silica, however, it costs time and
energy simultaneously. To improve the efficiency of synthesis process, it is necessary to propose a facile synthesis
strategy with less time and energy requirement. In this study, an innovative non-hydrothermal method using
NH3s-H2O as catalyst after ripening step is developed to prepare SBA-15 with short mesochannels (SSBA-15) for
the first time. The synthesis period of SSBA-15 framework was extremely shortened within 40 min under the
optimized conditions (30 min of ripening step and 25% of NH3-H>0O concentration), while obtained material
exhibits well-ordered hexagonal pore structure and fine particle morphology of SSBA-15 (pore length of 250 +
50 nm and mesopore size of 9.8 nm). This method can also be employed to synthesize conventional SBA-15
successfully. Moreover, the application of SSBA-15 as support of solid amine adsorbents on CO5 adsorption
and well-fitting of experimental CO, adsorption data with Avrami and intraparticle diffusion models reveal that
the adsorbents combine the advantages of micro-mesoporous structure, short mesochannel and amine reagents
(high affinity of COy), resulting in enhanced molecular diffusion, fast adsorption kinetics and high CO2
adsorption capacity. Notably, the solid amine adsorbents exhibited excellent regeneration ability during ten
adsorption-desorption cycles. This work opens up new opportunities in efficient preparation of materials that
require hydrothermal process.

1. Introduction and swelling agent [20-23], yet the synthesis period remained energy

costing because of the requirement of time and temperature for hydro-

Since the first report of ordered mesoporous silica (M41S family) in
the early 1990s [1], the researches focused on mesoporous silica became
more and more popular on account of its designable particle
morphology and porous structure, which is vital when being utilized as
support of composites for various applications [2-4]. As nanocarrier,
SBA-15 type of mesoporous silica with unique micro-mesoporous
structure [5] has better hydrothermal stability [6], mass transfer rate
[7] and controllable adsorption and release of active substance [8],
making it attractive among worldwide researchers and in diverse range
of application fields, such as drug delivery [9,10], environmental pro-
tection [11,12], CO4 adsorption [13,14] and catalysis research [15-19].
The tunable structure of SBA-15 (pore length, pore size and channel
structure) has been realized by adjusting the synthesis system, for
instance, introduction of alkanes, inorganic electrolytes, mental irons

thermal process [24-26]. In order to reduce the synthesis time, micro-
wave irradiation, as an energy efficient and environmentally friendly
technology, has been applied in synthesis of ordered mesoporous silicas
to provide rapid and homogeneous heating for the synthesis system,
accelerate rates of reactions, and benefit formation of uniform nucle-
ation centers [27-29]. Among published researches, microwave-assisted
hydrothermal process can only reduce the synthesis period to 4 h
(ripening for 2 h and microwave-assisted hydrothermal treating for 2 h)
[30] to obtain good-quality SBA-15, even when the entire synthesis
process (ripening period at low-temperature and aging period under
hydrothermal treatment) was under microwave irradiation, it still costs
at least 3 h to form a well-ordered framework [31].

Considering that SBA-15 is synthesized under acid conditions, we
propose using NH3-H20 to promote the synthesis of mesoporous silica.
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As being reported by many researchers, NH3-H,0 has been applied in
many synthesis systems, for example, sol-gel system [32,33], electrolyte
system [34] and emulsion liquid membrane [35], and shows remarkably
favorable influences, especially in sol-gel systems, the skeleton struc-
tures and pore sizes change with the adjustment of NH3-H,O concen-
tration [33]. Furthermore, the morphology of SBA-15 particles has
significant impact on the adsorption processes. It has been proven that
short mesochannel SBA-15 is more favorable for mass transfer compared
with conventional SBA-15, which leads to faster adsorption rate and
higher adsorption capabilities in the applications on adsorption [36,39].
Herein, we report a facile strategy abolishing hydrothermal process,
instead, using NH3-H20 as catalyst to promote the polycondensation of
P123-TEOS precursor aggregations after ripening step (Fig. 1), which
can sharply shorten the synthesis period and successfully obtain
well-ordered hexagonal SBA-15 with short mesochannels. The optimal
synthesis condition was explored by adjusting ripening time and
NHj3-H,0 concentration. Subsequently, the CO5 adsorption properties of
solid amine adsorbents based on as-prepared SSBA-15 were evaluated by
regeneration ability and CO, adsorption capacity under various tem-
peratures. Moreover, investigations on the kinetics and diffusion models
were carried out to have further insights into the influence of SSBA-15
support on the adsorption process, rate-controlling step and diffusion
mechanism.

2. Experimental
2.1. Chemicals

Triblock copolymer P123 (Sigma-Aldrich, China), tetraethyl ortho-
silicate (TEOS, Aladdin chemistry, China), decane (98%, Aladdin
chemistry, China) and polyethyleneimine (PEI, >99%, Aladdin chem-
istry, China) were used directly. NH4F (AR), HCI (37%) and NH3-H20
(25%) were provided by Guangzhou Chemical Reagent Factory, China.
2.2. Preparation of SSBA-15

The synthesis of SSBA-15 in this work was mainly parted into two
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P123-TEOS precursor
(P123+TEOS+decane+NH,F)
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processes: 1) the aggregating of P123-TEOS precursors, 2) the poly-
condensation of aggregation via catalysis of NH3-H20. A typical prepa-
ration in the first process was similar to reported literature [30]. In brief,
the mixture of 4.0 g of P123, 140 mL of HCI solution (1.6 M), 8.8 g of
TEOS, 23.3 g of decane and 0.041 g of NH4F at 40 °C was stirred for
given time (2 min, 4 min, 6 min, 10min and 30min). Subsequently,
NH3-H0 was added dropwise to adjust the pH value of the synthesis
system to 7-8 (tested by pH test strips) under room temperature (around
25 °C). The products denoted as SSBA-15-t-c, in which t stands for
ripening time, and c stands for the weight percentage of NH3-H20, were
obtained by filtration, air-drying (80 °C) and then calcination (550 °C)
for 3 h in a furnace for template removal.

2.3. Preparation of SSBA-15 based solid amine adsorbents

The solid amine adsorbents were prepared by impregnating amine
reagents, PEI (M,, = 600, 1800, 10,000) and hyperbranched polyamine
prepared by our research group [37] (HBP(DETA), HBP(TETA), HBP
(TEPA), the possible structure of HBP is shown in Fig. S1, Supplementary
Information) into as-prepared SSBA-15. The specific procedure was as
follows: 1 g amine reagent was solved completely in 10 mL ethanol
under 70 °C, followed with the addition of 1 g as-prepared SSBA-15 and
another 10 mL ethanol, then the mixture was stirred for 5 h. After finely
dispersing, the mixed solid was collected by centrifugation (10,000
r/min, 20 min), dried at 80 °C. The prepared solid amine adsorbents
were named as SSBA-15-PEI(x) or SSBA-15-HBP(y), where x represents
for the molecular weight of PEI and y stands for DETA, TETA or TEPA.

2.4. Characterization

ASAP2020 (Micromeritics Corp, USA) was used to test porous pa-
rameters of obtained samples by measuring adsorption-desorption iso-
therms of Ny (77.35 K) and calculating Sggr and pore diameter
distribution. The morphology and porous structure were analyzed by
scanning electron microscope (SEM, S4800, Hitachi, Japan) and trans-
mission electron microscope (TEM, JEM-2010HR, JEOL, Japan). The
ordered hexagonal mesoporous structures were identified by Small-
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Fig. 1. Schematic diagram of the synthesis of SSBA-15 via non-hydrothermal strategy.
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angle X-ray diffraction (SAXD, D8 ADVANCE, BRUKER Textile Tech-
nologies GmbH & Co., KG, Germany) in angle with 26 between 0.50° and
2.5°. Elemental analysis (EA, Analysen systeme GmbH Elementar Vario
EL, Germany) was employed to estimate the contents of N, C and H of the
solid amine adsorbents.

2.5. CO3 adsorption process

This CO, adsorption-desorption process was carried out in a fixed
adsorption column (& = 1.3 cm) padded with 0.5 g of adsorbent powder.
Residue water and air in the adsorption column were removed by
introducing dry N3 flow (30 mL/min) at 90 °C into the adsorption col-
umn for 10 min. Then the CO, adsorption test started with dry gas
mixture of CO»/N5 (with molar ratio of 1:4) at a flow rate of 30 mL/min
under the temperature ranging from 0 °C to 90 °C (0 °C, 15 °C, 30 °C, 45
°C, 60 °C, 75 °C, 80 °C, 85 °C, 90 °C), and we detected the outlet con-
centration of COy every minute by gas chromatograph (Agilent 6820)
equipped with a thermal conductivity detector. For followed CO,
desorption, the adsorbents were regenerated with dry Ny flow under 90
°C.

3. Results and discussion
3.1. Preparation of SSBA-15 and characterization
Numbers of mesoporous silica have been prepared by stirring at low

temperature for different time and catalyzing with different NH3-Hy0
concentrations. To prove the as-prepared material have well-ordered
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hexagonal mesoporous structure of SBA-15, characterizations on SEM,
TEM, SAXD and N; adsorption-desorption were carried out. It was
obvious that the sample particles were cuboid-like from SEM images
(Fig, 2). The extension of the ripening step (stirring at 40 °C) contributes
to the clarity of the sample particles when under a particular concen-
tration of NHs3-H50 (Fig. 2¢, f, and i), since the stability of the P123-
TEOS precursor aggregation is mainly affected by the ripening time. In
a conventional synthesis of SBA-15, the particle morphology is deter-
mined by ripening process, therefore, samples prepared with same
ripening duration are lack of variation [38]. However, in this
non-hydrothermal method, which used NH3-H50 as catalyst instead,
when the ripening time reached certain length (>10min), the
morphology of the sample particles obtained via same ripening time can
be various under the different concentrations of NHz - HoO used to adjust
the pH value of the synthesis system. Noticeably, the dispersibility and
uniformity of the sample particles improved with the rise of the
NHs-H30 concentration (Fig. 2g, h and i), as NHs-H,0 with relatively
high concentration can accelerate the polycondensation inside the stable
P123-TEOS precursor aggregation, leading to less inter condensation
between aggregations, which benefit the formation of short meso-
channels of silica particles. Meanwhile, TEM images of SSBA-15-30-25%
particles distinctly showed the ordered hexagonal mesoporous structure
with the mesochannel length of 250 + 50 nm (Fig. 3a), which was about
half of that of the SBA-15 obtain via microwave-hydrothermal method
(450 + 50 nm) [30], and structural mesopore size around 10 nm
(Fig. 3b).

Furthermore, the Small-angle X-ray diffraction patterns (Fig. 4a) of
the samples prepared with different synthesis conditions showed several
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Fig. 2. Scanning electron micrographs of SSBA-15 particles prepared via different ripening time and NH3-H,0 concentration. (a. SSBA-15-2-5%, b. SSBA-15-2-10%,
c. SSBA-15-2-25%, d. SSBA-15-10-5%, e. SSBA-15-10-10%, f. SSBA-15-10-25%, g. SSBA-15-30-5%, h. SSBA-15-30-10%, i. SSBA-15-30-25%).
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peaks that could ascribed to (100), (110) and (200) diffractions, which
are the characteristic peaks of highly ordered SBA-15 silica [39]. The
above characterizations and discussions demonstrated that well-ordered
SBA-15 with short mesochannels was successfully synthesized without
hydrothermal process.

3.2. Effects of synthesis conditions on the porous structure of SSBA-15

With respect to the preparation of SSBA-15, the effects of synthesis
conditions were focused on ripening time and NH3-H,0 concentration.
Ripening time was studied by modulating the duration of stirring pro-
cess from 2 min to 30 min, due to the fact that white precipitation which
is the sign of the gathering and orienting of P123-TEOS precursors [40]
started to form when stirring time reached 2 min. As shown in Fig. 4b
and c, all the samples exhibited the type IV adsorption isotherms, indi-
cating the capillary condensation of mesopores during the Ny
adsorption-desorption procedure [41]. Meanwhile, nitrogen adsorption
amount showed a steep increase when P/P0O < 0.05, which could be
attributed to the massive micropores in the samples.

The hysteresis loops of the Ny adsorption-desorption isotherms
showed the tendency from H3 to H1 while the concentration of
NHj-H,0 remained the same (Fig. 4b). For the samples prepared under
2 min of ripening time (Fig. S3a, Supplementary Information), the H3
hysteresis loops indicated that these samples obtained through short
duration of ripening step were piled up by platelet-like particles, which
was consistent with the morphology of particles in SEM images (Fig. 2a,
b and c). When the ripening time reached 30 min, the H1 hysteresis
loops showed (Fig. S3e, Supplementary Information), proving the for-
mation of ordered mesopores. The pore size distribution became more
ordered with the increase of the ripening time. The samples prepared
through relatively short ripening time (<10 min), for example, 2 min,
had a wide range of pore size from 0.5 nm to 100 nm, including mi-
cropores, mesopores and macropores (Fig. S3b, Supplementary Infor-
mation). Pore size distribution of the samples prepared through
relatively long time (>10 min) became narrower and was mainly around
1 nm-2 nm and 10 nm (Figs. S3d and f, Supplementary Information),
which were the intrawall micropores and primary mesopores of SSBA-
15, respectively.

When the ripening time remained the same, the Ny adsorption-
desorption isotherms of the samples, however, got closer to X axis at
lower pressure with the increase of NH3 - H,O concentration (Fig. S3 a, ¢
and e, Supplementary Information), indicating the decrease of micro-
pores, which was similar to the results of pore size distribution (Fig. S3
b, d and f, Supplementary Information). With the relatively short
ripening time, the increase of NHs-H30 concentration could adjust the
pH value of the synthesis system to 7-8 more quickly, leading to a faster

1100 nm
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condensation between TEOS, which resulted in increased dehydration of
PEO segments in silica walls and brought about densification of SSBA-15
framework, namely less intrawall micropores in the samples. Yet the
influence of the concentration of NH3-H30 became slight when the
ripening time was long enough, which in this case was 30 min, as the
duration was long enough to form relatively stable P123-TEOS pre-
cursors aggregations and SSBA-15 framework.

Moreover, the improvement of the ordering of these obtained sam-
ples, caused by the extension of ripening time and the increase of
NH;3-H20 concentration, could also be proved by the enhancement of
characteristic peak, (100) diffraction, in Small-angle X-ray diffraction
patterns (Fig. S2, Supplementary Information). In general, we can
confirm that NH3+-H>0 concentration has a greater impact on the pore
structure, the BET surface area and average pore size (Table S1, Sup-
plementary Information) when the ripening time is relatively short
(<10 min), while it effects the morphology of the SSBA-15 particles
more significantly when the ripening time is relatively long (>10 min).
Considering about time and energy saving, 30 min of ripening step and
25% of NH3-H;0 concentration is a proper choice for this non-
hydrothermal method to prepare SSBA-15 with fine particle
morphology and well-ordered pore structure, and the obtained SSBA-15
under optimized condition in TEM image exhibited pore length of 250 +
50 nm (Fig. 3a) and structural mesopore size of 9.8 nm (Figs. 3b, and
Fig. 4c¢). Surprisingly, the whole process to form a well-ordered frame-
work of SSBA-15 completed within 40 min (30 min of ripening and a few
minutes to adjust the pH value of the synthesis system by NHs-H30),
which was extremely short when compared with conventional hydro-
thermal [25] and microwave-hydrothermal [30,31] process.

Furthermore, we verified the applicability of this non-hydrothermal
strategy to prepare conventional SBA-15 by leaving out the addition of
NH4F which plays important role in shortening the pore length [30] to
the synthesis system. After 24 h of ripening time and been catalyzed by
25% of NHj3-Hy0 concentration, the mesoporous silica consisted of
micron scale particles with mesochannel length between 10 pm and 15
pm was obtained (Fig. S4, Supplementary Information), and subse-
quently characterizations on Ny adsorption-desorption tests and
small-angle X-ray diffraction(Fig. S5, Supplementary Information)
indicated that this method prepared conventional SBA-15 successfully.
More promisingly, the catalysis of NH3-H50 could be an innovative
replacement in preparation of other materials which require hydro-
thermal process.

Fig. 3. Transmission electron micrograph of as-prepared SSBA-15-30-25% particles. (a. mesochannel length, b. pore diameter).
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Fig. 4. a) SAXD patterns, b) N, adsorption-desorption isotherms at 77 K, and c) pore size distributions of as-prepared SSBA-15 samples.

4. Application in CO» adsorption
4.1. CO2 adsorption properties of SSBA-15 based adsorbents

Being two common functionalization mechanisms of mesoporous
matrixes, physical impregnation and chemical grafting have been
widely used to prepare the CO; adsorbents. Chemical grafting is
commonly applied in amination of fibers [42,43], while physical
impregnation is employed to prepare solid adsorbents based on porous
matrix [26]. We obtained a series of adsorbents with the hyperbranched
polyamine prepared by our research group and PEI with different mo-
lecular weight via centrifugation-impregnation. The adsorbents
impregnated with hyperbranched polymers, especially SSBA-15-HBP
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(DETA) and SSBA-15-HBP(TETA) had much shorter breakthrough time
(Fig. 5a) and much less CO; adsorption capacity (Fig. 5b) than the ad-
sorbents impregnated with PEI (Fig. 5, Fig. S6, Supplementary Infor-
mation), which could be explained as that the amines with small
molecular size [36] have lower adhesive force and can be easily tossed
out of mesoporous channels under the effect of centrifugal force,
resulting in much lower amino density on solid amine adsorbent.
Though the CO5 adsorption tests of SSBA-15-PEI were carried out under
dry condition, the abundant Si-OH on the silica walls synergized with
primary and secondary amino, resulting in higher CO, adsorption ca-
pacity (COz + Si-OH + RyNH = Si-OH3 + RoNCOO"). Among three
adsorbents prepared via impregnating PEI with different molecular
weight, SSBA-15-PEI(600) was of the lowest content of N (Table S2,
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Fig. 5. a) Breakthrough curves of CO, adsorption, and b) CO, adsorption amounts of as-prepared adsorbents via impregnating different amine species into SSBA-15.
(COy/N, ratio was 1:4; gas flow rate was 30 mL/min; adsorption temperature was 30 °C).
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Supplementary Information), yet the highest adsorption amount of CO5
(3.2 mmol/g at 30 °C, Fig. 5b). That could attributed to the less pore
blocking and lower CO, transfer resistance, which were fine outcomes of
lower viscosity of PEI(600) and its saturated stable loading inside the
SSBA-15.

Satisfactorily, the adsorbent based on as-prepared SSBA-15 over-
came the shortcomes of adsorbents prepared via impregnation (pore
blockage and easily leaching out of amine reagents), and exhibited
excellent regenerative ability, which kept stable breakthrough behavior
(Fig. 6a) and adsorption amount within integral error (2.11 mmol/g ~
2.17 mmol/g at 30 °C, Fig. 6b) during 10 times of adsorption-desorption
cycles.

As SSBA-15-PEI(600) showed the highest CO, adsorption capacity,
we focused on studying the detailed thermodynamic properties under
different adsorption temperatures with a range from 0 °C to 90 °C. As
shown in Fig. 7b, the CO, adsorption amount of SSBA-15-PEI(600)
increased with the rise of temperature and reached maximum adsorp-
tion amount of 4.00 mmol/g under 75 °C, then decreased with further
increase of temperature. This result indicated that the CO, adsorption
behavior of SSBA-15-PEI(600) was governed by both chemical and
physical adsorption, otherwise the CO4 adsorption amount would in-
crease with the decrease of temperature since chemical adsorption of
CO4, is an exothermic process.

4.2. Adsorption kinetics

Three adsorption kinetic models, Pseudo-first order, Pseudo-second
order, and Avrami model adopted to fit the experimental data of
SSBA-15-PEI(600) at 0 °C-90 °C (Fig. 8, Fig. S7, Supplementary Infor-
mation) are listed in Egs. (1) ~ (3), respectively:

gi=q.(1—¢™) €8]
gkt
gkt 2
qr=4q. 1+ qokot (2)
g =q.(1—e ") 3

where kf(min’l), ks(g mmol’lmin’l)and kq (min™1) represent adsorp-
tion rate constants, g, and g, are the adsorption capacity of the adsorbent
at saturated time (when adsorption process approaches equilibrium) and
given time, respectively, and n is the kinetic order of the Avrami model.

The experimental data did not fit well with neither Pseudo-first nor
Pseudo-second order models (Fig. 8), which overrated the initial
adsorption amount and final saturated adsorption amount, underrated
the adsorption amount approaching equilibrium, indicating neither of
these two kinetic models was suitable for modeling the CO5 adsorption
kinetics of SSBA-15-PEI(600). Meanwhile, the above results indicated
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that CO, adsorption over SSBA-15-PEI(600) is neither simple physical
nor simple chemical adsorption [44].
The Avrami model showed well-fitting of the experimental data over
the entire adsorption process (Fig. 8), with R? ranging from 0.992 to
0.996 and values of q° calculated from simulation closing to experi-
mental CO5 adsorption amount (Table S3, Supplementary Information),
indicating that Avrami model could fairly correspond to the CO,
adsorption process of SSBA-15-PEI(600). The fractional order n obtained
from Avrami fitting was between 1 and 2 (Table S3, Supplementary
Information) which suggested that the synergetic effect of physical and
chemical adsorption occurred, and multiple reaction routes appeared.
The adsorption rate constants k, firstly decreases and then increases
with an increasing temperature (Table S3, Supplementary Information),
demonstrating the adsorption rate reduced and the complete adsorption
time prolonged when the temperature was under 80 °C, for example, the
breakthrough time at 60 °C,75 °C and 80 °C reached 13 min (Fig. 7a). In
fact, kinetics superior in the control of the adsorption at relatively low
temperature (<75 °C). The chain segments of PEI(600) tended to be
more flexible the kinetic energy of COy molecules enhanced when
temperature arises, leading to less resistance in CO5 diffusion and better
exposure of active sites, and resulting in higher CO5 adsorption amount
and lower adsorption rate. However, when the temperature exceeded
75 °C, the equilibrium of adsorption-desorption slightly shifted to
desorption under domination of thermodynamics, resulting in mild drop
of CO, adsorption amount with further increase of temperature.

The cumulative CO, adsorption amount under different tempera-
tures demonstrated a two-stage process in saturated adsorption, rapid
breakthrough adsorption and gradual approaching equilibrium stage
(Fig. 8), in which the equilibrium stage required less time than break-
through adsorption (Figs. 5a, 6a and 7a), achieving fast complete
adsorption. In addition, the proportions of breakthrough adsorption
amount in initial stage were over 80% of the saturated adsorption
amounts under the temperature ranging from 15 °C to 80 °C (Table S4,
Supplementary Information), which 1is essential for industrial

application.
4.3. Diffusion mechanism

Since the CO5 adsorption is a complex process with all the steps
lumped together, Avrami model provided the values to assess adsorption
rate, but no outlook in the actual rate-controlling step and the diffusion
mechanism of CO, adsorption on SSBA-15-PEI(600). Therefore, we
analyzed the experimental data by diffusion models showed in Egs. (4)
~ (7) in order to have further insights into the rate-controlling step and
elucidate the CO, diffusion mechanism.

Interparticle diffusion model:
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Fig. 6. a) Regenerative breakthrough curves of CO, adsorption, and b) recycled CO, adsorption-desorption curves.(CO2/N2 ratio was 1:4; gas flow rate was 30 mL/
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The adsorption of CO2 on SSBA-15-PEI(600) was not influenced by
simple film-diffusion nor interparticle diffusion, as the B; did not vary
linearly with the time (Fig. S8, Supplementary Information) and the
simulative curves of interparticle diffusion model lacked of fit with the
experimental data (Fig. S9, Supplementary Information) [45]. Hence,
the intraparticle diffusion model was applied to predict the
rate-controlling step of SSBA-15-PEI(600) at all temperatures. As shown
in Fig. 9, the three mode-linearity appeared and the adsorption process
could be divided into three stages: the external adsorption stage
(boundary layer diffusion), the gradual adsorption stage (intraparticle
diffusion), and the equilibrium stage. The first stage presented the
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Fig. 9. Weber-Morris plot of CO, adsorption over SSBA-15-PEI(600) at a) 30 °C, and b) 75 °C.
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minimum slope at 0 °C and 15 °C (Figs. S10a and b, and Table S5,
Supplementary Information), indicating that the boundary layer diffu-
sion process was the rate-controlling step at low temperature. When the
temperature was over 30 °C, the surface reaction of equilibrium stage
became the rate-controlling step since the minimum slope appeared at
the third stage (Fig. S10, and Table S5, Supplementary Information).
Overall, the second stage, as was gradual adsorption stage, presented the
fastest adsorption rate during the whole adsorption process, indicating
that the micro-mesoporous structure of SSBA-15-PEI(600) is favorable
for the intraparticle diffusion of CO molecules, in which short meso-
channnels and structural mesopores facilitated COy diffusion inside
mesochannels, and abundant intrawall micropores benefited COy
diffusion between mesochannels.

5. Conclusions

In summary, the well-ordered hexagonal SBA-15 with short meso-
channels was successfully prepared via an innovative non-hydrothermal
method which used NH3-H,0 as catalyst instead, and this new method
has been proven to synthesis conventional SBA-15 consists of rope-like
particles. SSBA-15 prepared under the optimum condition (30 min of
ripening time and 25% of NH3+H20 concentration) consisted of cuboid-
like particles, had mesochannel length of 250 + 50 nm and structural
mesopore size of 9.8 nm, and importantly, required less than 40 min to
form a well-ordered framework, which is time and energy saving by
abolishing hydrothermal process. The application in CO4 adsorption and
investigations on the kinetics and diffusion models demonstrated that
solid amine adsorbents based on as-prepared SSBA-15 possess well
properties as are excellent regeneration ability, fast kinetics and high
adsorption capacity, and are favorable for intraparticle diffusion of CO5
molecules, which could be attributed to the unique micro-mesoporous
structure and short mesochannel length of SSBA-15. We believe that
this innovative NHs:H20 catalysis strategy will inspire the efficient
synthesis of other materials which require hydrothermal process.
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