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A simple and cost-effective one-pot synthesis route to directly prepare CaCO;@mesoporous silica in a
core/shell structure (denoted as CaCO;@mSiO,) as a high-performance CO, sorbent has been developed.
The (CaCO;@mSiO,)-based sorbents with and without pelletization showed superior CO, adsorption
performance compared to a CaCOs-based sorbent. The carbonation conversion of the (CaCO;@mSiO,)-

based sorbents have been significantly improved by coating the mesoporous silica onto the CaCOs;-based

sorbents, as well as the retention of the carbonation conversion. The best adsorption performance is
obtained by using the (CaCO;@5.6 wt% mSiO,)-based sorbent. The improved carbonation conversion
retention of (CaCO;@5.6 wt% mSiO,)-based pellet sorbent is around 25% after 50 cycles of
decarbonation/carbonation higher than that of the CaCO;-based sorbent (13%). The resultant
(CaCO3;@mSi0,)-based sorbent has high resistance toward carbonation/decarbonation reaction.

1 Introduction

Atmospheric concentrations of carbon dioxide caused by the
combustion of fossil fuels, such as oil, coal and gas, have
increased by around 21% from approximately 317 ppm in 1959 to
an atmospheric average of approximately 385 ppm in 2009" %
Flue gas from fossil fuel combustion power plants represents a
major source of CO, emissions®*.

Among many different CO, capture processes, the calcium
looping process (CLP) is one that is techno-economically feasible
for industrial applications and has good commercialization
potential. Capture of CO, over CaO-based sorbent has attracted
enormous interest in the development of removing CO, from flue
gas and energy pumps, such as pre-combustion CO, capture,
post-combustion CO, capture, and energy storage for application
of the CLP* >, Despite high activity, adsorption capacity, CO,
capture efficiencies, and low cost of the CaO-based sorbents for
CO, capture, their shortcomings are poor long-term stability and
rapid loss-in-capacity limiting the widespread application of the
CLP. Rapid  decay reactivity
carbonation/decarbonation cycles has been observed due to
severe sintering> > >,

Several studies have been conducted to enhance the resistance
of CaO to sintering, such as modification of the structure and
incorporation of inert materials, which are Al,O3;, MgO, ZrO,,
TiOZ, SiOQ, CCOZ, CI'OQ, CuO, COO, Ml’l203, CaTiO3, BaO, L3203,
K,CO;, and Fe,05> % & 9 167192129 e performance of the
modified CaO-based sorbents is highly dependent on different
synthetic methods as well as the precursors® > % '*22 Tn addition,
dispersion and incorporation of CaO in the inert solid matrix (or

in over several

45 inert solid material in CaO matrix) and the total CaO surface area
have been shown to be critical to the activity and durability of the
sorbent. Therefore, the development of sorbents with effective
dispersion, incorporation, and optimized
improving the durability and activity of sorbents is highly
desirable.

Mesoporous materials provide high surface areas, large pore
volumes and tuneable pore sizes for potential applications in
absorbents, catalysts, chemical sensors, drug-delivery systems,
and various electrochemical devices. By a proper tuning of the
fabrication conditions, such as proper reaction conditions and
organic templates, it can be prepared to consist of mesoporous
materials with high-flexibility in dimension, composition and
morphology. Mass production of mesoporous materials has
become possible by using a cheap template and inorganic sources
and operating under nature-friendly reaction conditions. Several
mesoporous materials/CaCO; composite sorbents have been
reported” %,

In the present study, mesoporous silica was selected as the
inert materials, which provided a highly stable framework under
severe temperature conditions, as well as not markedly absorbing
CO, under the decarbonation/carbonation conditions. We propose
a simple and cost-effective one-pot synthesis route to directly
coat mesoporous silica on the CaCOj; particles by using gelatin as
the surface activation agent® to form highly stable
70 CaCO3;@mesoporous (denoted CaCO;@mSi0,)

core/shell composite sorbents.
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(d) Pellet preparation

(a) CaCO, particles (b) Coated with (c) CacO,/mesoporous
(1.5 um) mesoporous silica silica composite sorbents

hydrothermal treatment

2. Calcination

Figure 1. A schematic showing the preparation of the

(CaCO;@mSi0,)-based composite sorbents for CO, adsorption.

2.1 Sorbent preparation

The cyclic carbonation/decarbonation conversions of the CaCO;-
based sorbents from a commercial limestone in Taiwan coated
with mesoporous silica were investigated in order to enhance its
durability for CO, capture. The weight percentages of the
chemical compositions in the limestone are shown in Table 1.
The limestone was ground and sieved to the average particle size
of around 1.5 pm, which has higher adsorption performance of
CO, capture compared with particle sizes larger than 90 um. To
prepare CaCO;@mSiO,, 12.0 g of CaCO; was dispersed to 75.0 g
of water and the pH value of the solution was adjusted to around
8.0. Then, the CaCO; gel solution was combined with a gelatin
aqueous solution containing 0.72 g type A gelatin and 45.0 g of
water. After stirring for 6-12 h, the geltin-CaCOj; solution was
added to an acidified sodium silicate solution (2.88 g of sodium
silicate and 180.0 g of water) at pH = 8.0 and further stirred for 1
h. The gel solution was hydrothermally treated at 100°C for 1
day. Filtration, calcination at 600°C gave the CaCO;@mSiO,
sorbent.

Table 1 Composition of the CaCO;-based sorbent (limestone)
(Wt%).

CaO | MgO | SiO, [Fe,05| ALO; [ P,Os | MnO | K;0 [ Na,0 | LOI | Sum

(%) | (%) | (%) | 0) | (0) [ (%) | (0) | (0) | (%) | (%) | (%)

5486 | 1.61 | 049 [ 0.1 | 006 | 0.04 | 002 | 0.02 | 0.01 | 42.7 | 99.91
2.2 Pellet preparation

Sorbents with particle sizes of less than 90 pm may not be
suitable for fluidized-bed combustion (FBC) systems in practical
applications of calcium looping. A pelletization is therefore
needed to prepare the CaCOs-based and (CaCO;@mSiO,)-based
sorbents for further cyclic decarbonation/carbonation tests and
practical purposes. The CaCOj-based and (CaCO;@mSiO,)-
based sorbents with a particle size of 1.5 pm were pelleted
without adding any binder, crushed, and sieved to the average
particle size of 250 pm. The sorbents were first compressed into
pellets with a diameter of 12 mm. Pellet strength was tested by
examining the effect of the fall of a pellet from a height of 1 m to
a concrete surface''. The tests show that the pelletized
(CaCO;@mSi0,)-based sorbents exhibited higher pellet strength
than did the CaCOs-based sorbents resulting from high crushing
strength. It is suggested that mesoporous silica can serve as a
good mineral additive for pelletization of the (CaCO;@mSiO,)-
based sorbents. The CaCOs-based and (CaCO;@5.6 wt%
mSiO,)-based sorbents were pelletized for further -cyclic
decarbonation/carbonation testing.
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2.3 Characterization of sorbents

The cyclic carbonation/decarbonation tests were carried out in a
SERARAM SETSYS Evolution thermogravimetric analyzer
(TGA). The sample holder is a platinum basket of 8 mm in
diameter and 3 mm in height. For each run in the TGA, around 30
mg of sorbent was introduced into the sample holder. The gases
(CO,, Ny) were controlled by a mass flow meter and fed to the
top of the alumina tube. The gas flow rate of CO, and N, was 100
mL/min. Each cycle included decarbonation under N, followed
by carbonation for CO, capture. For the first decarbonation,
temperature was increased from ambient to the chosen
temperature (850'C) at the heating rate of about 10 ‘C/min under a
N, flow equal to 100 mL/min. Then, temperature was maintained
for 35 min at 850°C. After cooling to carbonation temperature
(650°C), the gas flow was switched to CO, with 100 mL/min. The
decarbonated sample was then exposed to the reactant gas (CO,)
for 40 min for carbonation. The cyclic decarbonation/carbonation
tests were performed in a TGA for about 50 cycles in the
experiments. Temperature and sample weight were continuously
recorded in a computer. The carbonation conversion (%) was
calculated using the following equation®"*":

my,-m, . WCaO (1)
m0~b WC02

where m,, is the mass of the carbonated sorbent after n cycles, m,

is the mass of the calcined initial sorbent, and b is the content of

CaO in the initial calcined sorbent. W¢,o and Wco, are the mole

masses of CaO and CO,, respectively.

Carbonation conversion (%)= x 100

2.4 Apparatus

The sorbents were examined using a JOEL 6500 field-emission
scanning electron microscope (FE-SEM) equipped with X-ray
energy dispersive microanalysis (EDAX). The morphology and
mesostructure of the prepared novel CaCO;@mSiO, sorbents
were observed using a transmission electron microscope (TEM,
Hitachi H-7500) operated at an accelerating voltage of 80 kV. X-
ray diffraction (XRD) patterns were obtained using a Bruker D2
phaser diffractometer with Cu ka radiation (A = 0.1542 nm)
operated at 30 kV and 10 mA. Chemical compositions of the
limestone (CaCO;-based sorbent) were determined by X-ray
fluorescence (XRF) elemental analyses. X-ray photoelectron
spectra (XPS) were obtained by a ULVAC-PHI PHI-Quantera
SXM XPS system equipped the monochromatized Al Ka
radiation (1486.6 eV). All binding energy (BE) values were
calibrated using the C 1s peak at 284.6 eV as a reference.

3 Results and discussion

The (CaCO;@mSiO,)-based composite sorbents were fabricated
using a one-pot synthetic route. The proposed scheme of
synthesis of the well-encapsulated CaCO;@mSiO, core/shell
structure and the preparation procedures of the CO, sorbent are
Fig. 1. The well-encapsulated
CaCO;@mSiO, core/shell composites are supposed to exhibit
high accessibility between gases (CO, or N,) and sorbents. Figure
2(a) demonstrates TEM images of the CaCO;@mSiO, sample at
silica/CaCO; weight ratio of 5.6%. At higher magnification, it is
clearly seen that the CaCOj; nanoparticles are well coated by

illustrated in efficient
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mesoporous silica shell (Fig. 2(b)). After HCl-etching, the
remaining mesoporous silica shell replicates the form of the
original CaCO; nanoparticles and the thickness of the silica shell

sis around tens nanometres (Fig. 2c). From N, adsorption-
desorption isotherm of the mesoporous silica shell, a capillary
condensation occurring at P/Py = 0.7 is ascribed to pore size of
around 8.0 nm (Fig. 2(d)). The BET surface area and pore size
distribution of the mesoporous silica shell is similar to that of the

o gelatin-templated mesoporous silica that indicates gelatin is
capable to activate the CaCO; particle surface for silica
deposition. From the TEM observation results, we found the
thickness and casting integrity of the mesoporous silica shell are
dependent on the silica/CaCO; weight ratio.

3

CaCoO;

Mesoporous silica

Volume adsorbed(cm’g”, STP)
-

_ 500 nm
F——— PIP

s Fig. 2 TEM images of the CaCO;@mSiO, before (a), (b) and
after (c) HCl-etching. (d) N, adsorption-desorption isotherm of

the CaCO3;@mSiO, after HCl-etching. Arrows in Fig. 2(a) and (b)

indicates the mesoporous silica shell. The inset in Fig. 2(d) is the
BJH pore size distribution of the mesoporous silica shell.
0
To further prove the distribution homogeneity of the silica in
the prepared samples, a representative SEM and EDX mapping
images of the CaCO;@5.6 wt% mSiO,-based sorbent were
demonstrated in Fig. 3. Fig. 3(a) shows the dispersed particles of
s about 0.5-2.5 pm. To demonstrate the even distribution of Ca and
Si elements, an SEM image (Fig. 3(a)) and its digital color
EDAX mapping images of calcium, silicon, magnesium, oxygen,
and carbon for the (CaCO;@5.6 wt% mSiO,)-based sorbent are
shown in Fig. 3(b)—(f), respectively. Similar element distribution

30 images indicate that calcium and silicon elements were well

dispersed in the supported calcium carbonate matrix. The EDAX
analysis of the (CaCO;@5.6 wt% mSiO,)-based sorbent shows
that the composition of the sample synthesized from the weight
ratio of silica to CaCO; of 5.6/94.4 in CaCOs;-silica—gelatin
precursor is 4.5/95.5. The sorbent composition is close to that of
the original precursor. For convenience, the sorbent composition
is expressed by the weight ratio of silica to CaCO; in CaCO;—

w
a

3

silicate—gelatin precursor.

Mg Ka1_2

CKal_2

Fig. 3 SEM image (a) and its digital color EDX mapping images
of calcium, silicon, magnesium, oxygen and carbon (b—f) of the
(CaC0O;@5.6 wt% mSiO,)-based sorbent.

To get optimum CaCOgj/silica compositions in the
(CaCO;@mSi0,)-based sorbents, the samples at different weight
ratios of silica/CaCO; of 0, 4.7, 5.6, 7.2, and 10.5 wt% were
examined. Fig. 4 shows the cyclic evolution of the carbonation
conversion of (CaCO;@mSiO,)-based sorbents coated with
mesoporous silica at various weight ratios of silica to CaCOj; for
the decarbonation/carbonation tests. The carbonation conversion
of the (CaCO;@mSi0,)-based sorbents has been improved by the
incorporation of the mesoporous silica onto the CaCOj-based
sorbents after the tenth decarbonation/carbonation cycle, as well
as the ratio of the decay of the carbonation conversion. The
carbonation conversion of the CaCOs;-based sorbents (i.e. no
silica coating) decayed rapidly from 92% to 24% for the
decarbonation/carbonation after 50 cycles. The best
adsorption performance was obtained using the (CaCO;@5.6
wt% mSiO,)-based
conversion remained 37% for the decarbonation/carbonation test
after 50 cycles. The sorbents prepared from the CaCO;@mSiO,
at a Si0,/CaCO; ratio higher than 5.6 wt% inhibited further
improvement in the adsorption performance, which had less
active CaO in the sorbents. Some studies have shown that
pelletization with a bentonite binder resulted in poor carbonation

test

sorbent. The ratio of its carbonation

s conversion due to high SiO, content in the pellet limestones. It is

suggested that high SiO, content may reduce accessibility
between gases (CO, or N,) and sorbents (i.e. less accessible CaO
in the sorbents), and decrease the melting point of the Ca-Si
compounds to induce the formation of CaO/SiO, eutectic
mixtures'™ 2. While at the Si0,/CaCOj ratio lower than 5.6 wt%,
the sorbet exhibit a lower improvement in the adsorption
performance because the CaCO; particles were not well-
encapsulated by the mesoporous silica.

For practical applications of calcium looping, sorbents with

s particle sizes of less than 90 um may not be suitable for FBC

systems. Therefore, the (CaCO;@mSiO,)-based sorbents with
particle size of 1.5 pm were used for pelletization into a larger
particle  size of 250 pm  for  further  cyclic
carbonation/decarbonation testing. Fig. 5 shows the cyclic
evolution of the carbonation conversion of the CaCOj-based
sorbents and the (CaCO;@5.6 wt% mSiO,)-based sorbents with
and without pelletization toward the decarbonation/carbonation
test after 50 cycles. For the CaCOs-based sorbents, the
carbonation conversion efficiency of the CaCO;-based sorbent

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00—00 | 3



Journal of Materials Chemistry A

—— 0 wt% - silica

—e— 4.7 wt% - silica
—A— 5.6 wt% - silica
—0— 7.2 wt% - silica
——10.5 wt% - silica

—_

o

o
T

o]
o

(o]
o

FN
o

0 1 1 1 1 1 1
0

N
o

Carbonation conversion (%)

20 30
Number of cycles

Fig. 4 The cyclic evolution of the carbonation conversion of the

(CaCO3;@mSi0,)-based sorbents (original particle size: 1.5 pm)

coated with mesoporous silica at various weight ratios of silica to
s CaCO; on decarbonation/carbonation test after 50 cycles.

(original particle size: 250 um) and CaCO;-based pellet sorbent
(250 pm) rapidly decayed from 68% to 12% and from 93% to
10%, respectively, after 50 cycles of decarbonation/carbonation.
10 The (CaCO3;@5.6 wt% mSiO,)-based sorbents with and without
pelletization provided a noticeably higher carbonation conversion
than that of the CaCOj-based sorbents after 50 cycles of
decarbonation/carbonation except for the first two cycles. The
retention of the carbonation conversion was improved by the
15 incorporation of the mesoporous silica on the CaCO;-based
sorbents. The (CaCO;@5.6 wt% mSiO,)-based sorbents with and
without pelletization had a close carbonation conversion
efficiency to that of the CaCOj-based sorbents, and decayed
slightly less, from around 80% to 37% after 50 cycles of
20 decarbonation/carbonation. This suggests that pelletization may
not affect the CO, adsorption performance for (CaCO;@5.6 wt%
mSiO,)-based sorbents. The improvement in the carbonation
conversion rate of the (CaCO;@5.6 wt% mesoporous silica)-

—u— 0 wt% - silica
D\ —0— 0 wt% - silica (pellet)
—0—5.6 wt% - silica
(particle size: 1.5 um)

100+

93

c

o

4

2

s 60

(3]

S 40t

o g

2

(T

Q 0 1 1 1 1 1 1
0 10 20 30 40 50

Number of cycles
Fig. 5 The cyclic evolution of the carbonation conversion of the
25 CaCO3-based sorbent (m) (original particle size: 250 um), the
CaCOg;-based pellet sorbent (0) (original particle size: 1.5 pum;
pellet size: 250 pm), the (CaCO;@5.6 wt% mSiO,)-based sorbent
(®) (original particle size: 1.5 pm), and the (CaCO;@5.6 wt%
mSiO,)-based pellet sorbent (o) (original particle size: 1.5 um;
30 pellet size: 250 um) on decarbonation/carbonation reaction after

50 cycles.
based pellet sorbent was around 25% after 50 cycles of
decarbonation/carbonation testing compared with the CaCOs-
based sorbent. This was probably due to a highly stable
35 framework structure of mesoporous silica, which hinders a
significant change in surface area of the CaCOj; sorbents during
decarbonation/carbonation reactions.
Fig. 6 shows the surface morphologies of the CaCOj-based
sorbent and (CaCO;@5.6 wt% mSiO,)-based sorbent before the
40 first and after the fiftieth decarbonation/carbonation cycle. The
appearance of the surface morphology of both the CaCOj;-based
sorbent and the (CaCO;@5.6 wt% mSiO,)-based sorbent was
observed after calcining at 500 'C for 0.5 h in air (before the first
cycle), and appeared to have isolated particles. The particle sizes
45 of both sorbents ranged from 0.5 to 2 um. Comparison of surfaces
of the CaCOs-based sorbent and the (CaCO;@5.6 wt% mSiO,)-
based sorbents after the fiftieth cycle revealed sintering of the
agglomeration particles, reaction particles, and fine particles in
the CaCOs-based sorbent. The CaCOj3-based sorbent consisted of
so dispersed particles of about 1 um or less after the fiftieth cycle.
Although the isolated large particles were kept stable in the
(CaCO3;@5.6 wt% mSiO,)-based sorbent, the particle size
became a little bit larger. For the CaCO3-based sorbent, there was
a significant decrease of carbonation conversion with cycle
ss number, which was considered to depend on the decrease of the
surface area and porosity caused by the growth and fusion of
particles. Large particles in (CaCO;@5.6 wt% mSiO,)-based
sorbent seemed to cause fusion within the sample so that the
sintering between mutual particles was slightly less than that of
60 CaCOsz-based sorbent. This suggests that the dispersed
mesoporous silica in (CaCO;@5.6 wt% mSiO,)-based sorbent
surrounded the particles of CaCO; and prevented them from
mutually sintering. Therefore, mesoporous silica can be used as a
stable framework structure and diffusion barrier to improve the
65 stable reversibility of the cyclic reaction.

Page 4 of 6

Fig. 6 SEM images of the surface of the CaCOj3-based sorbent (a)
and the (CaCO;@5.6 wt% mSiO,)-based sorbent (b) after
calcining at 500 'C for 0.5 h in air (before the first cycle). SEM
70 images of the surface of the CaCOs-based sorbent (c) and the
(CaCO3@5.6 wt% mSiO,)-based sorbent (d) after calcining at
500 ‘C for 0.5 h in air and 50 decarbonation/carbonation test
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cycles.
The X-ray diffraction patterns of the CaCOs-based sorbent
and (CaCO;@mSi0,)-based sorbents prepared from the CaCOj;
particles and silicate—gelatin precursor (Fig. 7) were observed
after calcining at 500 'C for 0.5 h in air. All samples showed
characteristic peaks of calcium carbonate. No distinguishable
diffraction peaks of the phases with the crystalline Si or Si-Ca
compounds were obtained, though the (CaCO;@mSiO,)-based
sorbents had silica content in the range of 3.8 to 10.5 wt%, as
10 shown in Fig. 7 (b)-(e). The X-ray diffraction patterns of the
CaCOs-based sorbents and the (CaCO;@mSiO,)-based sorbents
after calcining at 500 °C for 0.5 h in air and operating the cyclic
decarbonation/carbonation test after the fiftieth cycle are shown
in Fig. 8. It was found that the CaCO; and calcium silicate phases

15 are present in the used sorbents. Despite the appreciable silica
content in the sorbents, the intensity of CaCOj; peaks is higher
and sharper than that of the calcium silicate peaks. Essentially,
the calcium silicate is one kind of feedstock for accelerated
carbonation as well®" *%. It is suggested that the phase

20 components  of the (CaCO;@mSiO,)-based sorbents did not
markedly transform after calcining at 500 'C for 0.5 h in air and
operating the cyclic decarbonation/carbonation test after the
fiftieth cycle.

w

. | Calcination - 500 °C
m 03003 (e) silica - 10.5 wt%
n
X " A A A

A
(d) silica - 7.2 wt%

(c) silica - 5.6 wt%
U W |
(b) silica - 4.7 wt%

Intensity (a.u.)

(a) silica - 0 wt%

A AL

20 25 30 35 40 45 50
20 (degree)

Fig. 7 The X-ray diffraction patterns of the CaCO;-based sorbents
25 and the (CaCO;@mSi0,)-based sorbents after calcining at 500 C
for 0.5 h in air.

m CaCO, \ Reactions - 50 cycles \
O Calcium silicate
u (e) silica - 10.5 wt%

n “ O m ® n iy
’\ (d) silica - 7.2 wt%
o’\ (c) silica - 5.6 wt%

" A (b) silica - 4.7 wt%
A (a) silica - 0 wt%

20 25 30 35 40 45 | 50

20 (dearee)
Fig. 8 The X-ray diffraction patterns of the CaCO;-based sorbents

and the (CaCO;@mSiO,)-based sorbents after calcining at 500 'C

Intensity (a.u.)

for 0.5 h in air and 50 decarbonation/carbonation test cycles.

CaCO, Ca2p
347 eV

(a)

(d) 5.6 wt% - silica

(50 cycles) E :
(c) 5.6 wt% - SIIM

(b) 0 wt% - silica
(50 cycles)

Intensity (arb.units)

(a) 0 wt% - silica

360 358 356 354 352 350 348 346 344 342
Binding Energy (eV)

(b) Silica Si2p
102.5eV Calcium silicate
/ 102.1 eV

(b) 5.6 wt% - silica !
(50 cycles) AN

(a) 5.6 wit% - silica

Intensity (arb.units)

110 108 106 104 102 100 98 96

Binding Energy (eV)

30 Fig. 9 XPS spectra of the Ca 2p (a) and Si 2p (b) core level
obtained from the CaCOs-based sorbent and (CaCO;@5.6 wt%
mSiO,)-based sorbent before the first and after the 50
decarbonation/carbonation test cycles.

35 Fig. 9 shows the XPS spectra of the Ca 2p and Si 2p core
level obtained from the CaCOs-based sorbent and the
(CaCO3@5.6 wt% mSiO,)-based sorbent before the first and after
the fiftieth decarbonation/carbonation cycle. The Ca 2p spectra of
both the CaCOs-based sorbent and the (CaCO;@5.6 wt%

40 mSi0O,)-based sorbent exhibited an oxidized character at a
binding energy (BE) of 447 eV ( A =3.6)*, a value that
corresponds to calcium carbonate as shown in Fig. 9(a). These
spectra had no marked change with the incorporation of the
mesoporous silica in the sorbents before the first and after the

s fiftieth decarbonation/carbonation cycle. These features indicate

the CaCOs-based sorbent and the (CaCO;@mSiO,)-based sorbent

were dominated by CaCO; compounds. However, the peak of Si
2p is at BE (Si 2p3,)=102.5 eV®, a value that corresponds to
silica, as in Fig 9(b). This indicates that the

(CaCO;@mSiO,)-based sorbents were composed mainly of

calcium carbonate rather than calcium silicate or CaO/SiO,

s
O

shown

b4

eutectic mixtures, parallel to the results of the X-ray diffraction
patterns (Fig. 7 and 8). The highly durable adsorption capability
further demonstrates a well encapsulated sorbents that is coated
ss with a stable mesoporous silica framework. This mesoporous

This journal is © The Royal Society of Chemistry [year]
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silica framework can effectively isolate the active CaO
component as a diffusion barrier and prevent sintering of CaO
grains during the cyclic carbonation/decarbonation at high
temperatures. The (CaCO;@mSiO,)-based sorbents synthesized
from our one-pot synthetic route can have a long durability
during carbonation/decarbonation reaction.

Conclusions

This paper presented an efficient one-pot synthetic route for
synthesizing (CaCO;@mSiO,)-based with  good
encapsulation in mesoporous silica matrix. The durability of the
(CaCO;@mSi0,)-based sorbents was improved by addition of
mesoporous silica into CaCOj-based sorbents. The dispersed
mesoporous silica in (CaCO;@mSi0O,)-based sorbent surrounded
particles of CaCO; and prevented them from mutually sintering.
The incorporation of the mesoporous silica onto the
(CaCO3;@mSi0,)-based sorbents can increase the carbonation
conversion rate by 25% in comparison with CaCOs-based
sorbents for carbonation/decarbonation after 50 cycles. This
indicates that mesoporous silica can be used as a stable
framework structure and diffusion barrier for the improvement of
the stable reversibility of the cyclic reaction.

sorbents
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