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Abstract

Developing high activity calcium-based adsorbent is still one of the difficult problems
for calcium-based adsorbents for dry desulfurization. Herein, we develop the surfactant
induction coprecipitation strategy to construct high active layered mesoporous calcium
hydroxide. It was found that ethanol as a solvent could modify the lamellar morphology
of calcium-based adsorbent, that the surfactant (CTAB) plays an important role in regu-
lating the pore structure to obviously improve the desulfurization activity and utilization
efficiency, and that its breakthrough sulfur capacity reaches 371.7 mg g−1 at 350 ◦C. The
excellent desulfurization performance is attributed to the unique 2D lamellar morphology,
high specific surface area, and mesopore structure of calcium hydroxide. Experimental and
theoretical results reveal that SO2 is preferentially adsorbed on the surface of Ca(OH)2, and
reacts with Ca(OH)2 to form CaSO3. CaSO3 is then oxidized by O2 in the presence of SO2

and CO2 to form CaSO4, and the presence of CO2 inhibited the catalytic oxidation of sulfite
to sulfate by O2 from air. This synthesis strategy offers a facile method to construct efficient
2D adsorbent for SO2 removal.

Keywords: calcium hydroxide; adsorbent; layered nanosheets; surfactant induction
synthesis; coprecipitation method

1. Introduction
Sulfur dioxide (SO2) is one of the main air pollutants, which cause serious pollution

and damage to the ecological environment [1]. The coal, iron, and steel industries, as
well as other fields, all involve the treatment of SO2-containing gas [2,3]. At present,
desulfurization technology is the main technical means to control SO2 pollution. Flue gas
desulfurization (FGD) technology is the most effective desulfurization technology, which
directly contacts the adsorbent to remove SO2. In this technology, the adsorbent is the key
to determine the desulfurization performance of FGD [4]. At present, FGD technology is
mainly divided into wet, semi-dry, and dry methods [5,6]. Dry desulfurization is realized
by gas–solid reaction. The solid adsorbents contain Ca-based adsorbents [7–10], Na-based
adsorbents [11–13], carbon-based adsorbents [14], zeolites [15], composite metal oxides [16],
and so on, among which the most commonly used solid adsorbent is a calcium-based
adsorbent. During dry adsorption processes, calcium-based adsorbents are widely used
in FGD technology because of its widespread availability and low price, and because the
corresponding desulfurization products have good high-temperature resistance [17,18].

Calcium hydroxide (Ca(OH)2), as a typical representative of calcium-based adsorbents,
is one of the most promising dry adsorbents because of its high activity, suitability for
medium-low temperature reaction, no waste water, low water consumption, and easy
treatment of products in dry state [19]. However, SO2 reacts rapidly on the surface of
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Ca(OH)2 to generate sulfate, and the sulfate product wraps the surface of Ca(OH)2, blocking
its further desulfurization reaction, which leads to the decrease of desulfurization efficiency
and the relatively low desulfurization activity of calcium-based adsorbents. Therefore, it has
become one of the challenges for dry desulfurization of industrial flue gas to improve the
utilization efficiency of Ca(OH)2. In recent years, many efforts have been made to modify
Ca(OH)2, including its size [20], morphology [21], pore structure [22], metal doping [23],
and composite process [24] of the adsorbents, which increased the specific surface area of
the calcium-based adsorbents and improved the exposure of active sites, thus enhancing
the desulfurization activity of the adsorbents. For example, Rendo et al. [25] reported the
organic lignosulfonate (LGSs) modified Ca(OH)2 adsorbent, and found that LGSs could
effectively improve the porosity of calcium-based adsorbent. Ishizuka et al. [26] prepared
calcium-based adsorbent by hydrothermal method using CaO and fly ash as precursors,
and found that SiO2 component in fly ash could be converted into activated calcium
silicate during hydrothermal process, thus improving the surface structure of calcium-
based adsorbent and greatly improving its desulfurization efficiency; The ethanol solution
could also hydrate calcium oxide to increase the specific surface area and desulfurization
efficiency of calcium-based adsorbent [19]. In addition, the introduction of metal elements
such as Ce, Fe, Co, Mn, etc. is helpful to promote SO2 oxidation, and also improves
the desulfurization performance of calcium-based adsorbents [23,24,27]. Therefore, it is
desirable to construct novel calcium-based adsorbent with high desulfurization efficiency
and utilization efficiency. In addition, the presence of CO2 in actual flue gas also adversely
affects the desulfurization efficiency of adsorbents [28]. The adsorption competition of CO2

and SO2 on the surface of adsorbents results in the reduction of effective adsorption sites
of SO2 and the decrease of adsorption capacity [9,29], and the mechanism of inhibiting
desulfurization remains to be further explored.

In this study, we constructed layered mesoporous Ca(OH)2 via a facile surfactant-
induced coprecipitation method for high efficient SO2 removal in dry desulfurization. By
optimizing synthesis conditions such as the solvent and surfactant, the as-prepared adsor-
bent demonstrated excellent desulfurization efficiency, achieving a breakthrough sulfur
capacity of 371.7 mg g−1 with high utilization efficiency of the adsorbent. The as-prepared
Ca(OH)2 adsorbents were investigated using comprehensive characterizations to identify
the physical and chemical properties, including morphological features (SEM, TEM), chem-
ical valence states (XPS), and pore structure (BET), to investigate the relationship between
the adsorbent’s properties and their desulfurization performance. Moreover, in situ DRIFTS
investigations provided mechanistic insights into intermediate species formation during
SO2 removal process on active sites of adsorbent.

2. Results
2.1. Synthesis of Ca-Based Adsorbents

Mesoporous lamellar Ca(OH)2 was synthesized via a facile coprecipitation method
using ethanol as solvent, as illustrated in Scheme 1. CaCl2 was chosen as a calcium
precursor and CTAB micelle as a pore former. The calcium precursor and CTAB were
dissolved in the ethanol solvent. Then, the NaOH ethanol solution was added dropwise
to the above solution. The precursor was then further washed with ethanol to obtain
mesoporous Ca(OH)2 nanosheets. Figure 1a,b showed that CaOH-W exhibited a bulk rod
structure with a size of 1–5 µm. In order to investigate the growth mechanism of lamellar
Ca(OH)2, ethanol was added to a water solution, as shown in Figure S1. Figure S1c,d
showed that when ethanol was added to the aqueous solution, the size of the Ca(OH)2

obviously changed, and the particle size was in the range of 0.5–1 µm, indicating that the
existence of ethanol was more conducive to the nucleation of Ca(OH)2. Ethanol molecules
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might be used as “capping agents” and selectively adsorbed on specific crystal faces of
Ca(OH)2 crystals. Further increasing the proportion of ethanol, the morphology of Ca(OH)2

gradually transformed into the lamellar structure, and its size remained in the range of
0.5–1 µm (Figure S1e–j). When ethanol was used as the solvent instead of water, CaOH-E
exhibited a layered structure (as shown Figure 1c,d), where the size of the particles was in
the range of 0.50–1.0 µm, suggesting that ethanol was beneficial to induce calcium ions and
hydroxyl ions to form a nanosheet structure during the co-precipitation process. However,
when cetyltrimethyl ammonium bromide (CTAB) was added to the ethanol solution,
Figure 1e,f showed that the CaOH-E-C sample still maintained its lamellar morphology.
This result indicated that the introduction of the surfactant did not affect the morphology
and particle size of calcium hydroxide.

Scheme 1. Illustration for the preparation of lamellar Ca(OH)2.

 

Figure 1. SEM images (a,b) CaOH-W, (c,d) CaOH-E, (e,f) CaOH-E-C.

2.2. Morphology and Structure of Ca-Based Adsorbents

Figure 2a–d showed that CaOH-E-C exhibited a layered structure, and the crystal
plane spacing (d) of CaOH-E-C was 0.18 nm and 0.27 nm, respectively, corresponding to
the (110) and (101) crystal planes of hexagonal calcium hydroxide. As adsorbents for dry
desulfurization, Figure 3a,b showed that CaOH-W had low desulfurization activity with a
breakthrough sulfur capacity of 72.7 mg g−1, and CaOH-E exhibited obviously enhanced
desulfurization activity with a breakthrough sulfur capacity of 136.6 mg g−1. This result
indicated that the 2-dimensional structure could expose more active sites for adsorption of
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SO2. Surprisingly, CaOH-E-C had the highest desulfurization activity, with a breakthrough
sulfur capacity of 371.7 mg g−1, suggesting that the CTAB played an important role in
enhancing the desulfurization activity. Figure S2 showed that the desulfurization activity
of CaOH-E-C increased as the temperature was rose from 300 ◦C to 350 ◦C. Upon increas-
ing the temperature to 400 ◦C, the desulfurization activity decreased, with the optimal
temperature being 350 ◦C. The XRD spectra of the as-prepared calcium-based adsorbents
were shown in Figure 3c. All adsorbents had the characteristic diffraction peaks of hexag-
onal Ca(OH)2 (standard PDF card: 44-1481), suggesting that Ca(OH)2 adsorbents were
successfully synthesized by the coprecipitation method with different solvents.

 

Figure 2. (a–f) TEM images of CaOH-E-C.

2.3. Structure–Activity Relationship of Ca-Based Adsorbents

The porosity structure of the samples was studied via N2 adsorption–desorption
isotherms (Figure 3d). It was found that CaOH-E-C exhibited a type IV isotherm with a
characteristic H3 hysteresis loop, attributable to plate-like materials, and wide pore size
distributions (20–80 nm) were observed (Figure 3e), which could be attributed to slit-like
pores formed between Ca(OH)2 nanosheets. CaOH-E-C had a higher specific surface area
of 20 m2 g−1 and a larger pore volume of 0.17 cm3 g−1 compared to those of CaOH-W
(8 m2 g−1, 0.07 cm3 g−1) and CaOH-E (10 m2 g−1, 0.14 cm3 g−1), indicating the superiority
of our micellar template induction strategy to construct a mesoporous structure within
the nanosheets during the coprecipitation process. Figure 3f showed the simultaneous
TG-DSC curves of CaOH-E-C. It was found that there was an obvious weight loss of 21.2%
from 350 ◦C to 550 ◦C, accompanied by an endothermic peak at 421 ◦C, which could be
attributed to the decomposition of most of the calcium hydroxide. This might be the reason
why the desulfurization activity of the adsorbent decreased due to excessive temperature
(>350 ◦C). The weight loss of 4.9% from 550 to 660 ◦C, accompanied bt an endothermic peak
around 626 ◦C, could be attributed to the decomposition of residual calcium hydroxide.
Over 660 ◦C, the weight loss of CaOH-E-C could hardly be observed, indicating that the
calcium hydroxide had been completely decomposed.
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Figure 3. (a) Desulfurization curves and (b) the corresponding breakthrough sulfur capacity of
CaOH-W, CaOH-E, and CaOH-E-C in fixed-bed adsorbents. (c) XRD patterns, (d) N2 sorption curves,
and (e) the corresponding pore size distribution of CaOH-W, CaOH-E, and CaOH-E-C. (f) TG-DSC
curve of CaOH-E-C.

After desulfurization, the XRD patterns of the desulfurized adsorbents were shown in
Figure 4a. CaOH-W still exhibited the characteristic diffraction peak of hexagonal Ca(OH)2

(standard PDF card: 44-1481), suggesting that Ca(OH)2 adsorbents had low utilization
efficiency. For CaOH-E, in addition to the diffraction peaks of Ca(OH)2, the diffraction
peak of CaSO4 and CaSO3 also appeared, demonstrating the higher desulfurization activity
of CaOH-E compared to CaOH-W. Notably, only the characteristic diffraction peaks of
CaSO4 and CaSO3 were observed, and the diffraction peak of hexagonal Ca(OH)2 dis-
appeared. This result further revealed the higher desulfurization activity and superior
utilization efficiency of CaOH-E-C. The surface element chemical states of the desulfurized
adsorbents were analyzed by X-ray photoelectron spectroscopy (XPS). Figure 4b showed
the high-resolution S 2p XPS spectra of the desulfurized adsorbents. The S 2p3/2 peaks
of three desulfurized adsorbents were fitted into two peaks at 168.83 eV and 166.87 eV,
assigned to SO4

2− and SO3
2−, respectively [30]. This result indicated that SO2 reacted with

calcium hydroxide to form calcium sulfate and calcium sulfite on the surface of CaOH-E-C.
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The calcium sulfite and calcium sulfate formed in CaOH-E-C accounted for the highest
proportion, which was consistent with the results of XRD (Figure 4a). This result suggested
that surfactants might play a catalytic role in promoting desulfurization activity.

Figure 4. (a) XRD patterns, (b) High-resolution S 2p spectra of CaOH-W, CaOH-E and CaOH-E-C
adsorbents after desulfurization.

2.4. Desulfurization Mechanism of Ca-Based Adsorbents

The actual flue gas contains a certain amount of CO2, which had a certain influence on
the adsorbent for dry desulfurization. Figure 5a,b showed that the desulfurization activity
of the CaOH-E-C adsorbent was significantly reduced, with a breakthrough sulfur capacity
of 181.5 mg g−1 in the presence of CO2, indicating that CO2 had an inhibitory effect on
desulfurization. In addition, Figure S3 showed that the presence of H2O and NO had little
effect on the desulfurization activity for CaOH-E-C.

Figure 5. (a) Desulfurization curves and (b) the corresponding breakthrough sulfur capacity of
CaOH-E-C in fixed-bed adsorbents with SO2 and SO2 + CO2 conditions.

In order to further study the effect of CO2 on the desulfurization performance of the
CaOH-E-C adsorbent, in situ DRIFTS analysis of CaOH-E-C was carried out under various
gas conditions (Figure 6). Figure 6a showed in situ DRIFTS spectra at 200 ◦C followed
by the adsorption of SO2 on the surface of CaOH-E-C. Three bands were observed at
1355 cm−1, 1140 cm−1, and 940 cm−1. The bands at 1355 cm−1 and 940 cm−1 belonged
to the characteristic peaks of sulfite (SO3

2−), and the band at 1140 was assigned to the
characteristic peak of sulfate (SO4

2−) [31,32]. This result indicated that SO2 generated
CaSO4 and CaSO3 on the surface of CaOH-E-C, the peak at 1140 cm−1 gradually increased
with time, the desulfurization reaction gradually progressed, and the peak intensity of
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calcium sulfate gradually increased. The results indicated that SO2 was adsorbed on the
surface of CaOH-E-C and underwent a desulfurization reaction to form sulfite, which
was then oxidized to sulfate by oxygen in the air. After 30 min of desulfurization, SO2

was stopped and CO2 gas was introduced instead. As illustrated in Figure 6b, with the
extension of the CO2 introduction time, a small peak gradually appeared near 2307 cm−1,
which belonged to the band of adsorbed CO2. With the extension of time, the intensity of
this band did not change, indicating that CO2 was adsorbed on the surface of CaOH-E-C
and reached adsorption saturation.

Figure 6. In situ DRIFTS spectra of CaOH-E-C under (a) SO2 gas condition at 200 ◦C, (b) then CO2

gas condition over preadsorbed SO2 at 200 ◦C, (c) CO2 gas condition at 200 ◦C, (d) SO2 gas condition
over preadsorbed CO2 at 200 ◦C.

Figure 6c displayed in situ DRIFTS spectra at 200 ◦C followed by the adsorption of
CO2 on the surface of CaOH-E-C. When CO2 gas was introduced, the band near 940 cm−1

appeared slowly. This band belonged to the characteristic peak of carbonate (CO3
2−),

indicating that CO2 reacted with hydroxyl on the surface of CaOH-E-C to generate calcium
carbonate, and the intensity of this characteristic peak slowly increased with time [33].
At the same time, a band gradually appeared near 2307 cm−1, which belonged to the
band of adsorbed CO2. With the extension of time, the intensity of this band no longer
changed, indicating that CO2 reached adsorption saturation on the surface of CaOH-E-C.
After 30 min, CO2 was stopped and SO2 was introduced instead. As shown in Figure 6d,
two new bands appeared near 1140 cm−1 and 1355 cm−1 as time extended, indicating that
SO2 reacted with hydroxyl on the surface of CaOH-E-C to generate sulfate and sulfite. With
the prolongation of the SO2 introduction time, the characteristic peak of CO2 adsorbed on
the surface of CaOH-E-C and gradually weakened until it disappeared. The acidity of SO2

was stronger than that of CO2; therefore, SO2 gradually replaced CO2, which led to the
band of CO2 gradually weakening until it disappeared.
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In situ DRIFTS spectra of CaOH-E-C, followed by the adsorption of SO2 and CO2 at
200 ◦C, were shown in Figure 7. After CO2 and SO2 were simultaneously introduced, a
new band gradually appeared near 2307 cm−1, which belonged to the band of adsorbed
CO2. The intensity of this band did not change with time, indicating that the CO2 had
reached adsorption saturation on the surface of CaOH-E-C. The adsorption of CO2 occupied
parts of the alkaline sites of CaOH-E-C, thus reducing the desulfurization performance of
CAOH-E-C. With the extension of time, characteristic absorption peaks appeared around
1355 cm−1, 1140 cm−1, and 940 cm−1, and the band at 940 cm−1, which belonged to the
characteristic band of both sulfite and carbonate, indicated that SO2 and CO2 underwent a
desulfurization reaction on the surface of CaOH-E-C to generate calcium sulfate (related to
1140 cm−1), calcium sulfite (related to 1355 cm−1 and 940 cm−1), and calcium carbonate
(related to 940 cm−1). It is worth noting that the peak intensity of sulfite was much higher
than that of sulfate, indicating that, in the presence of CO2, the desulfurization product
was mainly calcium sulfite, and CO2 inhibited the catalytic oxidation of sulfite to sulfate by
O2 from air.
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Figure 7. In situ DRIFTS spectra of CaOH-E-C under CO2 + SO2 gas conditions at 200 ◦C.

There were four adsorption sites on the (101) crystal plane model of Ca(OH)2 in CaOH-
E-C adsorbent as shown in Figure 8. SO2 was introduced into the surface of Ca(OH)2

to adsorb two SO2 molecules, and the average adsorption energy of two SO2 molecules
was −0.83 eV. Then, CO2 was introduced to adsorb two other CO2 molecules, and the
average adsorption energy of the two CO2 molecules was −0.36 eV. It can be seen that the
adsorption capacity of the adsorbent for SO2 was much higher than that for CO2. However,
when CO2 was introduced into the surface of Ca(OH)2, two CO2 molecules were adsorbed
onto the (101) crystal plane, and the average adsorption energy of the two CO2 molecules
was −0.40 eV, which was lower than that of SO2 (−0.83 eV), suggesting that SO2 was more
easily adsorbed on calcium hydroxide than CO2. Then, SO2 gas was introduced, two SO2

molecules were adsorbed onto the other two adsorption sites, and the average adsorption
energy of the two SO2 molecules was −3.00 V. The results demonstrated that whether
CO2 existed or not, the adsorption energy of SO2 on the surface of calcium hydroxide was
higher than that of CO2. Compared with CO2, SO2 was more easily adsorbed on the surface
of the adsorbent and reacted with it, while CO2 and SO2 compete for adsorption, which
reduced the desulfurization activity of the CaOH-E-C adsorbent. This was consistent with
the results in Figure 7.
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Figure 8. Changes of adsorption energy of CaOH-E-C adsorbent before and after adsorption of SO2

and CO2 (*: adsorption state).

3. Materials and Methods
3.1. Synthesis of Calcium-Based Adsorbent

A series of calcium-based adsorbents were synthesized via a coprecipitation method.
Firstly, 100 mmol of CaCl2 was dissolved in 60 mL of ethanol to form solution A, and
200 mmol of NaOH and an amount of CTAB was dissolved in 60 mL of ethanol to form
solution B. Then, solution B was added into solution A and vigorously stirred for 1 h.
Finally, the above mixture solution was centrifuged, washed with ethanol, and dried at
120 ◦C for 12 h to obtain the Ca(OH)2 sample (denoted as CaOH-E-C).

For comparison, we prepared a calcium-based adsorbent using a similar synthesis pro-
cess without adding the CTAB, corresponding to the Ca(OH)2 sample (denoted as CaOH-E).
The Ca(OH)2 sample (denoted as CaOH-W) also was synthesized using a similar synthesis
process using deionized water as solvent. Firstly, 100 mmol of CaCl2 was dissolved in
60 mL of deionized water to form solution A, and 200 mmol of NaOH was dissolved in
60 mL of deionized water to form solution B. Then, solution B was added into solution A
and vigorously stirred for 1 h. Finally, the above mixture solution was centrifuged, washed
with deionized water, and dried at 120 ◦C for 12 h to obtain the Ca(OH)2 sample (denoted
as CaOH-W).

3.2. Characterization

The crystal structure of the adsorbent was investigated by X-ray diffraction (Smart
Lab-9, Rigaku, Tokyo, Japan) using Cu Kα radiation (λ = 0.154 nm) in the scanning range
(2θ) of 10–80◦. The N2 adsorption and desorption isotherms of the adsorbent were recorded
via N2 sorption analyzer (iPore400, PhysiChem Instruments Ltd., Beijing, China) at 77 K.
Morphological features were examined by field-emission SEM (JSM-7800F, JEOL, Tokyo,
Japan) and high-resolution TEM (JEM-F200, JEOL, Tokyo, Japan). Surface acid behavior
was probed via CO2-TPD (AutoChem II 2920, Micromeritics, Norcross, GA, USA). Sur-
face element chemical states were investigated using XPS (Thermo Scientific, Waltham,
MA, USA). Thermogravimetric analysis was performed on a thermogravimetric analyzer
(HCT-1, Beijing Hengjiu, Beijing, China). In situ DRIFTS (Bruker, Billerica, MA, USA)
spectra were acquired under flowing reactants, including SO2 and CO2.
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3.3. Desulfurization Performance

The desulfurization performance of the prepared calcium hydroxide adsorbent was
evaluated using a fixed bed device. The desulfurization device is shown in Figure 1. A
total of 0.6 mL of calcium hydroxide adsorbent (mesh number: 40–60 mesh) was placed in
a quartz reactor (D = 10 mm), with SO2 concentration of (400 ppm), O2 concentration of
4%, N2 as balance gas, and simulated flue gas space velocity (GHSV) of 20,000 h−1. The
desulfurization efficiency (SO2 removal, %) and penetrating sulfur capacity (S, mg g−1)
were used to evaluate the desulfurization performance of the adsorbent. The concentrations
of SO2 at the inlet (φ0) and outlet (φi) of the reactor were measured online by the flue gas
analyzer. Its calculation formula is:

SO2 removal = (φ0 − φi)/φ0 × 100% (1)

The desulfurization efficiency of 90% is commonly taken as the critical efficiency to
evaluate the performance of the adsorbent. In this study, breakthrough sulfur capacity is an
important index to measure the desulfurization ability, indicating that the quality of SO2

absorbed by each gram of adsorbent before the desulfurization efficiency is 90%. When
SO2 content of >40 ppm was detected for the first time at the outlet of the fixed bed, it
is determined as the breakthrough point. The breakthrough sulfur capacity (denoted as
Sulfur capacity) is calculated by Equation (2).

S = [∑(φ0 − φi) × ti] × V/m (2)

where ti is the data recording interval (min), V is the total simulated flue gas flow (mL/min),
and m is the mass of adsorbent (g).

3.4. Model Construction and Computational Method

The model of bulk Ca(OH)2 was built according to previous experimental literature [34].
The space group of bulk Ca(OH)2 is P−3m1, with lattice parameters of a = b = c = 3.59 Å,
α = β = 90◦, and γ = 120◦. Then, the (101) surface of Ca(OH)2 was cleaved, containing four
layers of atoms and a vacuum layer of 20 Å. All calculations in this work were performed
with the Cambridge sequential total energy package version 20.1.1 [35]. The spin-polarized
density functional theory calculations were performed using a plane wave implementation.
The exchange–correlation functional is a Perdew–Burke–Ernzerhof (PBE) generalized gradient
approximation (GGA) [36]. The DFT-D correction was performed using the Tkatchenko–
Scheffler method. The cutoff energy was set as 500 eV. During geometry optimization, energy
tolerance of 5 × 10−5 eV per atom, displacement tolerance of 5 × 10−3 Å, and force tolerance
of 0.1 eV Å−1 were employed. The k-point meshes were set as gamma k-point.

4. Conclusions
In summary, high active mesoporous lamellar Ca(OH)2 was constructed by the surfac-

tant induction coprecipitation method for dry desulfurization. The as-prepared CaOH-E-C
adsorbent exhibited highly efficient desulfurization activity with a breakthrough sulfur
capacity of 371.7 mg g−1 at 350 ◦C. The surfactant CTAB played an important role in
enhancing the specific surface area and pore volume of Ca(OH)2, and in boosting the desul-
furization activity and utilization efficiency of Ca(OH)2. The experimental and theoretical
results displayed that SO2 preferentially reacts with Ca(OH)2 in the presence of SO2 and
CO2 to form calcium sulfite, and the presence of CO2 could inhibit the formation of CaSO4

from CaSO3 by oxidation of O2. This surfactant induction strategy provided a facile method
to develop efficient adsorbent for dry desulfurization.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/catal16050391/s1. Figure S1: SEM images (a,b) CaOH-W, (c,d)
CaOH-1E/2W, (e,f) CaOH-1E/1W, (g,h) CaOH-2E/1W, and (i,j) CaOH-E; Figure S2: Desulfurization
curves of CaOH-E-C at different temperatures in a fixed bed; Figure S3: Desulfurization curves of
CaOH-E-C in a fixed bed adsorbents with SO2 and SO2 + NO + H2O conditions.
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11. Wang, H.; Lin, L.; Zhao, Z.; Huang, S.; Lǖ, J.; Li, H.; Liu, Z.; Chen, H. Trace-amount phenolphthalein surface-modified Na2CO3

for enhanced low-temperature dry SO2 capture via altered product layer structure. J. Hazard. Mater. 2026, 501, 140823. [CrossRef]
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