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ABSTRACT 
In this paper, the preparation of potassium carbonate modified SiO2-Al2O3 composite aerogel, the carbonation 

characteristics of K2CO3 and the decarburization characteristics of regeneration cycle were studied. The influence of 
loading rate on CO2 adsorption was studied by using a fixed bed reactor, and the microstructure of the samples was an-
alyzed by combining SEM and BET. The results show that during the alkali fusion sintering of Na2CO3, the Si-O-Si and 
Si-O-Al bonds break, the crystal structure is destroyed, and the covalent bond of mullite is transformed into the ion-
ic bond of nepheline. Through orthogonal test, taking the specific surface area of aerogel as the measurement index, the 
optimal calcination conditions are determined as follows: 900 ℃, reaction for 60 min, Na2CO3 addition ratio of 0.5. The 
more K2CO3 is loaded, the less the corresponding active sites on the surface of the carrier. When the loading is 30%, the 
maximum CO2 adsorption capacity is 2.86 mmol·g–1. Excess K2CO3 will plug the pore structure, destroy the diffusion 
of CO2, and reduce the diffusion and utilization efficiency. The percentage of mesoporous pore volume decreased from 
94.21% to 89.32%, indicating that the active component K2CO3 was mainly filled in the mesoporous. After 10 cycle 
regeneration tests, the CO2 adsorption capacity of the adsorbent decreased by 10.49%. The pore structure of the adsor-
bent was stable and the decarburization performance was excellent. 
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1. Introduction 
Climate problem has become a global problem. According to the 

relevant data analysis of CAIT (World Resources Institute), the world’s 
CO2 emissions have increased at an annual growth rate of 2.4% in the 
past decade[1]. China’s carbon emissions rank first in the world, and the 
implementation of low-carbon development strategy is of great practi-
cal significance to slow down global warming[2]. 

Alkali metal based solid adsorbent technology for low-temperature 
removal of CO2 from flue gas has low reaction temperature, fast reac-
tion rate between adsorbent and CO2, high conversion rate and no sec-
ondary pollution[3]. The research on new carbon dioxide adsorbents 
with amino groups as active components and porous materials is rela-
tively mature. Among them, the adsorption capacity of amino modified 
mesoporous silica aerogel gel adsorbent (AMSA) can reach 6.97 
mmol·g–1 at 25 ℃[4]. Sodium based adsorbents are rich in resources and 
low in price, but their reactivity is low[5]. After carbonation, the internal 
structure of calcium based adsorbent sintered, resulting in a sharp de-
cline in the adsorption rate, and SO2 in the waste gas reacted with CaO 
to produce CaSO4, which could not be regenerated, reducing the effec-
tive content of CaO and the adsorption performance[6]. 
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CO2 adsorbent with potassium as the active com-
ponent is a research hotspot in recent years. Ac-
cording to different carrier materials, domestic and 
foreign scholars have carried out a series of decar-
burization characteristics, as shown in Table 1. Re-

search shows that potassium carbonate is combined 
with carrier materials with developed microstruc-
ture and high mechanical strength to improve the 
utilization rate of potassium carbonate and greatly 
improve the carbonation performance[7]. 

Table 1. Comparison of CO2 adsorption capacity of K2CO3-based adsorbent 
Adsorbent K2CO3 

load/%wt 
Adsorption conditions Conversion rates/% CO2 adsorption 

capacity/mmol·g–1 
References 

K2CO3/AC 30 60°C, 1%CO2 + 9%H2O — 1.95 [8,9] 
30 20°C, 0.5%CO2 + 1.8%H2O — 0.87 [10] 

K2CO3/AC1 30 60°C, 15%CO2 + 15%H2O 89.20 — [11] 
K2CO3/AC2 30 60°C，15% CO2 + 15%H2O 87.90 — [11] 
K2CO3/Al2O3 30 60°C, 1%CO2 + 9%H2O — 1.93 [8,9] 

24.5 60°C, 18%CO2 + 18%H2O 95.20 — [12] 
30 20°C, 0.5%CO2 + 1.8%H2O — 1.18 [10] 

K2CO3/MgO 30 60°C, 1%CO2 + 9%H2O — 2.70 [8,9] 
K2CO3/5A 33 70°C, 5%CO2 + 10%H2O 78.20 — [13] 

30 20°C, 0.5% 
CO2 + 1.8%H2O 

— 0.34 [10] 

K2CO3/SG 20 20°C, 1%CO2 + 2%H2O 88.62 1.32 [14] 
30 60°C, 15%CO2 + 15%H2O 18.80 — [11] 

K2CO3/SiO2 30 60°C, 1%CO2 + 9%H2O — 0.23 [8,9] 
K2CO3/ZrO2 30 60°C, 1%CO2 + 9%–11%H2O — 1.73–1.87 [6,15] 
K2CO3/DT 19.1 60°C, 18%CO2 + 18%H2O 33.90 — [12] 
K2CO3/TiO2 30 60°C, 1%CO2 + 9%H2O — 1.89–2.05 [8,9] 

 
Due to the influence of the micro characteris-

tics of the carrier itself, the loading capacity of 
K2CO3 is limited, so that the microstructure and 
adsorption capacity of the adsorbent are limited due 
to saturated loading. Therefore, it is necessary to 
prepare a carrier material with good micro charac-
teristics and load the active component K2CO3 to 
make a modified potassium-based adsorbent with 
high CO2 adsorption capacity and low cost. Aerogel 
gel is an amorphous nano porous material with high 
specific surface area, high porosity and low density. 
It is widely used in the fields of adsorption, cataly-
sis and catalyst support. Yu et al.[17] prepared alu-
mina aerogel with aluminium tri-sec-butoxide as 
precursor, with high thermal stability and specific 
surface area of 744.50 m2·g–1. Guo et al. used TE-
OS as silicon source to prepare silicon gel, loaded 
with K2CO3 as adsorbent, the CO2 adsorption ca-
pacity can reach 1.32 mmol·g–1, and the carbonation 
performance is excellent[14]. Silicon and aluminum 
sources using TEOS and organic alkoxides as sols 
are not only costly but also toxic[16] and the above 
research is limited to ultra-low CO2 concentration, 

which cannot meet the flue gas atmosphere of 
coal-fired power plants. 

The fly ash discharged from dust collectors of 
coal-fired power plants is one of the largest indus-
trial wastes in the world at present, and its main 
chemical components are SiO2 and Al2O3. Liu et 
al.[18] prepared binary composite aerogel from coal 
gangue, with a specific surface area of 483.23 m2·g–

1 and a specific pore volume of 1.87 cm3·g–1; Chen 
et al.[19] used hexamethyldisilazane and n-butanol as 
surface modifiers to prepare SiO2-Al2O3 composite 
aerogels with specific surface areas of 114 m2·g–1 
and 183 m2·g–1, respectively; Pu et al.[20] used fly 
ash to prepare SiO2-Al2O3 composite aerogel with a 
small specific surface area of only 44.47 m2·g–1. 

The removal of CO2 by potassium-based ad-
sorbent is related to the active components. The 
above research focuses on the preparation of carrier, 
the large gap in the structure of gel, the large error 
in taking the decomposition rate as the index, and 
the carbonation reaction of K2CO3 supported by 
SiO2-Al2O3 composite aerogel is relatively few, and 
the mechanism explanation is insufficient. Based on 
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this, this paper aims to use fly ash to prepare 
SiO2-Al2O3 composite aerogel and K2CO3 loading 
modification, which integrates preparation and 
loading and is used as CO2 adsorbent. We study the 
CO2 adsorption performance under different loading 
rates, explore the decarburization characteristics 
and cycle mechanism of adsorbent, and provide a 
theoretical basis for decarburization in the future. 

2. Experimental section 
2.1 Adsorbent preparation 

The flow chart of adsorbent preparation is 
shown in Figure 1. The specific preparation process 
is as follows: (1) mix fly ash and Na2CO3 in propor-
tion and put it into muffle furnace, temperature 
programmed and calcined; (2) pour a certain con-

centration of hydrochloric acid into the calcined 
product, react with a magnetic stirrer at 40 ℃ for 50 
minutes, and centrifuge the supernatant; (3) drop 
ammonia water glass rod, stir for 5 minutes, seal 
and stand at room temperature, seal with ethanol 
layer after gel, age in water bath at 50 ℃ for 24 
hours to form alcohol gel, and replace the ethanol 
layer every 8 hours; (4) mix and dissolve K2CO3 
(0%, 10%, 20%, 25%, 30%, 40%) with alcohol gel 
in an appropriate amount of deionized water, stir 
with a magnetic stirrer at room temperature for 12 
hours and fully soak; (5) the mixture is put into 
100 ℃ oven for 12 hours to remove the free water 
in the sample, and then roasted in 300 ℃ muffle 
furnace for 2 hours to complete the preparation. 

 
Figure 1. Preparation flow chart of adsorbent. 

2.2 Carbonation test system 
Generally, the flue gas of coal-fired power sta-

tion boiler consists of 10%–15% CO2, 8%–17% 
steam, a small amount of O2, a trace of SO2 and 
NOХ and most N2

[21]. To simulate the actual flue gas 
environment, the volume concentration of CO2 and 
steam at the inlet is set at 10%, the concentration of 
N2 is set at 80%, and the total gas volume is 500 
ml·min−1. The test system is shown in Figure 2. 
CO2 and N2 are provided by steel cylinders, and the 
opening is controlled by a mass flow meter. The 
water vapor is produced by the Series III metering 
water pump through electric heating and vaporiza-
tion, and it is mixed with CO2 and N2 into the gas 
mixing tank. When the CO2 concentration at the 
outlet and the inlet are the same, the reaction is over, 

and the experimental data is recorded and effective 
calculation is performed. 

The cumulative adsorption capacity q 
(mmol·g–1) and CO2 penetration rate η (%) of unit 
mass adsorbent are adopted study the decarburiza-
tion characteristics of adsorbent, and calculate them 
respectively through equations (1) and (2) (accord-
ing to standard working conditions): 

 
(1) 

𝜂𝜂 =
𝐶𝐶1
𝐶𝐶2

× 100% 

(2) 
Where, C1 and C2 are the CO2 concentration at 

the inlet and outlet, %; Q is the simulated flue gas 
flow, mL·min−1; t is the reaction time, min; m is the 
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mass of fixed bed potassium-based adsorbent, g; T 
is the reaction temperature, K; T0 is absolute zero 

273 K; Vm is the molar volume of gas under stand-
ard conditions, 22.4 mol·L−1. 

 
Figure 2. Carbonation reaction system. 

Table 2 Chemical composition of fly ash from pulverized coal 
furnace 
Main ingredients Quality score/% 
SiO2 50.26 
Al2O3 35.88 
Fe2O3 6.00 
CaO 2.43 
TiO2 1.54 
K2O 1.35 
SO3 1.11 
other 1.43 

2.3 Characterization 
In this paper, Tescan Mira3 field emission 

scanning electron microscope was used for SEM 
test, and the surface micro morphology of the ad-
sorbent was obtained; N2 adsorption desorption test 
was carried out on potassium-based adsorbent by 
N2 adsorption desorption instrument, and the ad-
sorption desorption isotherm was obtained to ex-
plore the pore structure characteristics of adsorbent. 
Through BET equation and BJH algorithm, the spe-
cific surface area, specific pore volume and other 
related pore structure parameters of each sample are 
analyzed; the chemical composition was ob-

tained by all element scanning and conversion cal-
culation with the Netherlands E3 XRF tester; the 
crystal structure was analyzed by DX2700B XRD 
tester. 

3. Results and discussion 
3.1 Selection of preparation conditions of 
SiO2-Al2O3 composite aerogel 

The chemical composition of pulverized 
coal boiler fly ash obtained by XRF tester is shown 
in Table 2. The main components are SiO2 and 
Al2O3, with a mass fraction of 86%. It also contains 
a small amount of iron, calcium, titanium, potassi-
um, sulfur and other impurities. The silicon alumi-
num content is huge, which can be used as a good 
raw material for silicon aluminum aerogel. 

Silicon and aluminum are mainly composed of 
mullite (Al6Si2O13) and quartz (SiO2) in fly ash. Due 
to the low reaction activity of mineral crystals, in 
order to fully extract the silicon and aluminum 
components, it is necessary to carry out alkali fu-
sion sintering activation treatment on the fly ash 
under high temperature conditions, and convert the 
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acid insoluble mullite based phase and alkali 
(Na2CO3) in the fly ash into acid soluble nepheline 
(KNa3[AlSiO4]4) based phase[20] through high tem-
perature sintering reaction, so as to improve the re-
action activity and separate the silicon and alumi-
num components. 

Alkali fusion sintering activation[19] is the key 
to the preparation of SiO2-Al2O3 composite aerogel 
from fly ash. Generally, the main factors affecting 

the activation reaction of alkali fusion sintering are: 
reaction temperature, reaction time and alkali addi-
tion ratio. In order to determine the best calcination 
system and prepare SiO2-Al2O3 composite aerogel 
with rich pore structure, the specific surface area of 
SiO2-Al2O3 composite aerogel is selected as the in-
dex to measure the activation effect, and the or-
thogonal test L9 (33) with three factors and three 
levels is designed, as shown in Table 3 and Table 4. 

Table 3. Factor level table 
Level Factor 

Temperature reflex/℃ Reaction time/min Alkali addition ratio/(m ash: m sodium carbonate) 
1 800 60 0.5 
2 850 90 0.6 
3 900 120 0.7 

Table 4. Orthogonal test L9(33) and range analysis 

Test No. 
Factor Specific surface ar-

ea/(m2·g−1) Temperature reflex/℃ Reaction time Alkali addition ratio/(m ash:m 
sodium carbonate) 

1 800 60 0.5 274 
2 800 90 0.6 143 
3 800 120 0.7 202 
4 850 60 0.6 219 
5 850 90 0.7 215 
6 850 120 0.5 231 
7 900 60 0.7 239 
8 900 90 0.5 209 
9 900 120 0.6 276 
K1 206 244 238 — 
K2 222 189 213 — 
K3 241 236 219 — 
R 35 55 25 — 

 
Ki in Table 4 is the average value of the sum of 

the indicators of each factor level. The greater the 
Ki value, the greater the impact of a certain level on 
the test indicators. R is the extreme difference, and 
R is the maximum, which means that this parameter 
has the greatest impact on the test index within the 
test range. The range analysis results show that the 
primary and secondary effects of various factors 
affecting the activation of alkali fusion sintering are: 
reaction time > reaction temperature > alkali addi-
tion ratio. Considering the primary and secondary 
effects of various factors, the influence of energy 
consumption and the range results, the optimal 
combination of reaction conditions in this test is: 
900 ℃, reaction for 60 minutes, Na2CO3 addition 
ratio of 0.5. 

 

Figure 3. XRD diffraction pattern. 
Note: The upper figure represents the products of fly ash and 
alkali calcination; the following figure represents the XRD of fly 
ash. 

Comparing the crystal phase structure of cal-
cined products and fly ash, the phase analysis re-
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sults are shown in Figure 3. The main phase com-
ponents in fly ash are mullite (Al6Si2O13) and SiO2. 
After alkali fusion sintering activation, the corre-
sponding diffraction peak positions of Al6Si2O13 and 
SiO2 weaken or even disappear, and the corre-
sponding diffraction peak positions of nepheline 
(KNa3[AlSiO4]4) are analyzed obviously. It shows 
that in the process of Na2CO3 activation reaction at 
high temperature, the internal bonds of Si-O-Si and 
Si-O-Al are broken, and the crystal phase structure 
is destroyed[19]. The covalent bond of mullite is 
transformed into the ionic bond of nepheline, and 
the inert aluminum silicon component is fully acti-
vated to form a KNa3[AlSiO4]4 frame structure 
evenly distributed in three-dimensional space[21], 
which provides a theoretical basis for the prepara-
tion of SiO2-Al2O3 composite aerogel. 

3.2 Carbonation characteristics of supported 
adsorbents 

In this experiment, the SiO2-Al2O3 composite 
aerogel prepared by loading K2CO3 to the best cal-
cination system is made into a loaded adsorbent to 
improve the capture rate of potassium CO2. At the 
same time, the carbonation characteristics of the 
modified potassium-based adsorbent under different 
loading conditions were studied, and the adsorption 
mechanism of the adsorbent was studied combined 
with the apparent morphology and microscopic 
characteristics. 

(1) Load performance. The carbonation test 
was carried out under the atmosphere of 60 ℃, 
10%CO2 + 10%H2O + 80%N2 to study the co cap-
ture performance of potassium-based adsorbent at 
10%, 20%, 25%, 30% and 40% load. The results are 
shown in Figures 4 and Figure 5. 

The adsorption capacity of SiO2-Al2O3 com-
posite aerogel carrier for CO2 is the lowest, only 
0.68 mmol·g–1; in the range of 10%–40%, the CO2 
adsorption capacity of the loaded adsorbent in-
creases first and then decreases with the increase of 
the proportion of the loaded components. When the 
loading capacity is 30%, it reaches the maximum, 
which is 2.86 mmol·g–1. The carbonation perfor-
mance is excellent, indicating that the CO2 adsorp-
tion is mainly achieved through the chemical reac-

tion of K2CO3. 

 
Figure 4. Cumulative adsorption capacity of adsorbent with 
different loading. 

 

Figure 5. CO2 breakthrough curves of different loading adsor-
bents. 

When the loading increased from 10% to 30%, 
the active component K2CO3 gradually increased, 
promoting the reaction to the positive direction 
when the active component increases to a certain 
extent, the CO2 adsorption capacity decreases, 
which is because the distribution of K2CO3 on the 
carrier surface has reached a saturated state. The 
more K2CO3 is loaded, the K2CO3 active sites that 
can be attached to the carrier surface have been oc-
cupied, and the contact between the active compo-
nent and the gas has reached saturation[22]. At the 
same time, excessive K2CO3 load will plug the pore 
structure, destroy the CO2 diffusion process, and 
reduce the diffusion and utilization efficiency of 
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K2CO3. Secondly, during the carbonation reaction, 
KHCO3 is generated on the surface of the carrier[23], 
which is not conducive to the reaction. 

Under the same test conditions, the higher the 
η value at the same time, the worse the decarburiza-
tion performance of the corresponding adsorbent 
sample. Observe the CO2 breakthrough curves of 
the adsorbents with different loadings. At the same 
time, the η value is the lowest at 30% loading, and 
the adsorbent CO2 permeation time is the longest 
and the adsorption effect is the best, which is con-
sistent with the cumulative adsorption amount. 

(2) Microscopic characteristics. The pore 
structure parameters that affect the decarburization 
characteristics of adsorbent mainly include specific 
surface area, cumulative pore volume, relative spe-
cific pore volume, etc.[24] When the loading amount 

increases from 10% to 40%, the N2 adsorption 
amount gradually decreases, and the specific sur-
face area and cumulative pore volume are reduced 
relative to the pure carrier (as shown in Table 5). At 
the same time, the loading of K2CO3 reduces the 
pore richness of the adsorbent, because K2CO3 will 
attach a large amount to the surface and pores of the 
carrier during the loading process[25]. At this time, 
the specific surface area Z per unit volume is intro-
duced to characterize its pore abundance, as shown 
in formula (3): 

Z = S0/V0 
(3) 

Where, S0 is the specific surface area of ad-
sorbent BET, m2·g–1; V0 is the total specific pore 
volume of adsorbent, cm3·g–1. 

Table 5. Structure parameters of adsorbent pores with different loadings 
K2CO3 load/% BET specific 

surface ar-
ea/(m2·g–1) 

Cumulative pore 
volume/(cm3·g–1) 

Average pore 
diameter/nm 

Pore richness 
Z 

Relative pore volume/% 
Microporous Mesoporous Big hole 

10 153.9782 0.3639 8.4944 423.1600 0.2130 93.0500 6.7370 
20 110.7819 0.2749 8.9543 402.9385 0.3338 94.2127 5.4536 
25 96.6573 0.2695 9.9113 358.6302 0.0988 92.7080 7.1932 
30 90.4104 0.2626 11.2873 344.2894 0.0282 90.8132 9.1586 
40 85.2602 0.2254 9.5784 378.2618 0.1780 89.3174 10.5027 

 
Low temperature N2 adsorption desorption 

tests were carried out on adsorbent samples under 
different loading conditions to explore the pore 
structure characteristics of adsorbents. At the same 
time, the adsorption desorption isotherms and pore 
size distribution curves of each sample were ana-
lyzed. The results are as follows. 
Observe the adsorption and desorption isotherms of 
SiO2-Al2O3 composite aerogel and adsorbent (see 
Figure 6). According to the classification of IUPAC 
(International Union of Pure and Applied Chemis-
try), it belongs to type IV isotherm[26], which shows 
that it is an ordered mesoporous material with rela-
tively uniform pore size distribution, which is con-
ducive to the diffusion and adsorption of gas CO2 in 
the pores, and the adsorption and desorption iso-
therms of adsorbent have not changed significantly 
after loading, indicating that the loading has little 
effect on the pore structure of aerogel gel. 

 

 

 
Figure 6. Absorption and desorption isotherms of adsorbents 
with different loadings. 
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Figure 7. Pore size distribution curve of adsorbent with different 
loading. 

Figure 7 shows the pore size distribution 
curve of the adsorbent under different loads. The 
pore size is evenly distributed between 3–50 nm, 
mainly composed of mesopores and a small number 
of macropores. On the one hand, adsorbents with 
larger specific surface area and specific pore vol-
ume can provide more active sites; on the other 

hand, it makes the distribution of the active com-
ponent K2CO3 more uniform, which is conducive to 
the contact between CO2 molecules and K2CO3 and 
promotes the carbonation reaction[27]. The peak 
value in the aperture distribution curve represents 
the hole with the widest aperture distribution. With 
the increase of load, the peak value first shifts to the 
right and then to the left, and the hole volume de-
creases significantly. When the loading amount in-
creased from 10% to 40%, the pore volume per-
centage of mesopores decreased from 94.21% to 
89.32%, and the pore volume percentage of 
macropores increased from 5.45% to 10.50%, indi-
cating that the active component K2CO3 was mainly 
filled in the mesopores. The average pore diameter 
is the ratio of the cumulative total pore internal sur-
face area to the cumulative pore volume. With the 
decrease of the relative specific pore volume of 
mesopores, the relative specific pore volume of 
macropores increases, which makes the average 
pore diameter increase. 

 
Figure 8. SEM particle morphology of different loading adsorbents (×5,000). 

(3) Apparent morphology. Figure 8 shows the 
SEM particle morphology distribution of adsorbents 
with different K2CO3 loading. It is found that the 
surface of SiO2-Al2O3 composite aerogel gel carrier 
(Figure 8a) is loose and has rich pore structure. 

When the loading amount of K2CO3 increases from 
10% (Figure 8b) to 20% (Figure 8c), the porosity 
of particles begins to decrease; K2CO3 mainly fills 
the interstices between particles and a part of mes-
opores, and K2CO3 crystals are distributed on the 
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surface of the carrier as small white particles. When 
the loading amount of K2CO3 continues to increase 
from 25% (Figure 8d) to 30% (Figure 8e), the sur-
face of the adsorbent is stacked by small particles 
and begins to become more dense, indicating that 
the loading changes the apparent morphology of the 
carrier, makes the distribution of K2CO3 more uni-
form, and is conducive to the diffusion of gas to the 
solid surface, which is consistent with the conclu-
sions of Chen et al.[11]. In addition, there are white 
crystalline substances on the surface of the carri-
er[28], which may be caused by the introduction of a 
large number of chloride ions during the preparation 
process. The crystalline substances are salt com-
pounds composed of chloride ions and other metal 
ions (such as FeCl3, KCl). 

Observe the adsorbent surface with a load of 
40% (Figure 8f). Excessive K2CO3 loading blocks 
the pore structure and destroys the CO2 diffusion 
process. After most of the pores on the surface of 
the carrier are filled and covered, K2CO3 crys-
tals begin to appear large agglomerations with less 
porous structures. When the loading amount is 30%, 
the particle distribution of potassium-based adsor-
bent is more uniform and the morphology is better. 

3.3 Cyclic decarburization characteristics of 
loaded adsorbent 

The characteristic of cyclic decarburization is 
an important index to measure whether potassi-
um-based adsorbents can be widely used in practice. 
In this paper, the adsorbent prepared above is tested 
for 10 adsorption regeneration cycles, with a total 
gas volume of 500 mL·min−1. Under the conditions 
of adsorption temperature of 60 ℃, adsorption at-
mosphere of 80%N2 + 10%H2O + 10%CO2, regen-

eration temperature of 120 ℃, and regeneration 
atmosphere of pure nitrogen, the cumulative CO2 
adsorption capacity of the adsorbent changes with 
the number of cycles, as shown in Figure 9. 

 
Figure 9. Variation curve of circulating adsorption amount of 
potassium-based adsorbent. 

It can be seen from Figure 9 that the cumula-
tive adsorption capacity of adsorbent decreases 
gradually with the increase of adsorption and de-
sorption cycles. After 10 adsorption regeneration 
cycles, the CO2 adsorption capacity decreases from 
2.86 mmol·g–1 to 2.56 mmol·g–1, which still has a 
good adsorption effect, and the regeneration rate of 
adsorbent can reach 89.51%. The pore structure 
analysis of the samples after 10 cycles of regenera-
tion is shown in Table 6. It is found that the specific 
surface area and specific pore volume have little 
change, indicating that the structure of the prepared 
adsorbent is stable and the cyclic decarburization 
performance is good. 

Table 6. Changes of potassium-based adsorbent circulation structure parameters 
 BET specific surface/(m2·g−1) Cumulative pore 

volume/(cm3·g−1) 
Most probable 
aperture/nm 

Pore richness Z 

30% loaded adsorbent 90.4104 0.2626 11.2873 321.3945 
After 10 cycles of regener-
ation 

85.3012 0.2263 9.7932 368.5217 

 
4. Conclusion 

(1) Using fly ash as raw material, SiO2-Al2O3 
composite aerogel with good pore structure was 
prepared by sol-gel method. Taking the specific 

surface area of SiO2-Al2O3 composite aerogel as the 
measurement index, the optimal calcination system 
for alkali fusion sintering activation is determined 
with orthogonal test: 900 ℃, reaction for 60 
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minutes, Na2CO3 addition ratio of 0.5. 
(2) The loading amount of K2CO3 increased 

from 10% to 40%, and the specific surface area and 
cumulative pore volume decreased. The cumulative 
adsorption amount of CO2 increased first and then 
decreased. When the loading amount was 30%, the 
maximum cumulative adsorption amount of CO2 
was 2.86 mmol·g–1, which was consistent with the 
result of CO2 penetration rate. 

(3) The more the loading amount is, the K2CO3 
active site that can be attached to the surface of the 
carrier has been occupied, and the contact between 
the active component and the gas has reached satu-
ration. Excessive K2CO3 load will plug the pore 
structure, destroy CO2 diffusion, and reduce diffu-
sion and utilization efficiency. During the reaction, 
KHCO3 is formed on the surface of the carrier, 
which is not conducive to the reaction. 

(4) The pore volume percentage of mesopores 
decreased from 94.21% to 89.32%, indicating that 
the active component K2CO3 was mainly filled in 
the mesopores. On the one hand, adsorbents with 
larger specific surface area and specific pore vol-
ume can provide more active sites. On the other 
hand, it makes the distribution of active component 
K2CO3 more uniform, which is conducive to the 
diffusion of gas to the solid surface and promotes 
the carbonation reaction. 

(5) After 10 adsorption regeneration cycle tests, 
the CO2 adsorption capacity of the adsorbent de-
creased by 10.49%. At the same time, the micro-
structure parameters of the adsorbent did not 
change greatly, the structure was stable, and the cy-
cle decarburization performance was good. 
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