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Abstract 

The removal of carbonyl sulfide (COS), a byproduct gas in the steel industry, is crucial due to its environmental impact, 
including acid rain formation and corrosion of chemical equipment. This study explores enhancing the catalytic 
performance for COS hydrolysis at low temperatures by loading potassium hydroxide (KOH) onto boehmite catalysts. 
The modified catalysts demonstrated significantly improved COS conversion rates and hydrogen sulfide  (H2S) yields 
compared to untreated counterparts. At 40 °C, K/Boehmite catalysts achieved approximately 80% COS conversion. 
As the temperature increased to 50, 60, and 70 °C, COS conversion efficiencies neared 100%, with  H2S yields reach‑
ing up to 98% for K/Boehmite‑3 (A method involving the loading of KOH onto boehmite catalysts.) Characterization 
results confirmed that KOH increased the number of active sites on the catalyst surface, enhancing COS adsorption 
and reaction. The KOH modification increases alkalinity and promotes the formation of surface hydroxyl groups, 
which play a key role in the hydrolysis reaction. These hydroxyl groups facilitate water adsorption and the breakdown 
of COS into  H2S and  CO2. This study presents a straightforward method for KOH impregnation on boehmite, marking 
the first use of boehmite as a COS hydrolysis catalyst, significantly boosting its efficiency and offering a viable solution 
for industrial COS removal while effectively generating  H2S.
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1 Introduction
Carbonyl sulfide (COS) is a prevalent byproduct gas in 
the steel industry, notably present in blast furnace gas, 
coke oven gas, and converter gas [1]. The environmen-
tal issues associated with COS emissions, including acid 
rain formation and the consequential corrosion of chemi-
cal equipment, have attracted extensive attention in 
recent years [2, 3]. To date, adsorption [4], hydrogenation 
conversion [5], and hydrolysis [6] methods are widely 

employed for COS removal in the industry. Among these 
methods, hydrolysis has been the most widely used tech-
nology due to its mild operating conditions and high con-
version efficiency [7]. Besides, with the growing attention 
toward circular economy and sustainability, the product 
hydrogen sulfide  (H2S) after the hydrolysis reaction can 
be utilized in industrial processes. However, hydrolyz-
ing COS without a catalyst would be difficult. Hence, the 
selection of adequate catalysts holds paramount impor-
tance for the effective catalytic hydrolysis of COS. On the 
other hand, the cost-effectiveness and ease of preparation 
of catalysts are crucial issues in industrial applications. 
The hydrolysis reaction equations are displayed as fol-
lows ((Eq. (1) is the main reaction, Eqs. (2) and (3) are the 
main side reactions) [8].
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Current studies have focused on carbon-based, alu-
minum-based and metal oxide as catalyst carriers [7–11]. 
Among these materials, boehmite (AlO(OH)) as a sup-
ported metal stands out as a promising choice due to its 
excellent thermal stability and large surface area. Addi-
tionally, boehmite exhibits favorable hydrophilic prop-
erties [12], allowing it to adsorb water molecules and 
promote the contact between water and COS, thereby 
increasing the reaction conversion and selectivity. More-
over, boehmite can partially facilitate the hydrolysis of 
COS. The catalytic hydrolysis of COS is a base-catalyzed 
reaction [13]. The introduction of alkali metals [14], rare 
earth metals [15], and transition metals [16] as active 
sites can enhance COS removal. Therefore, the alka-
linity of the hydrolysis catalyst will play an important 
role in enhancing catalytic efficiency. Potassium ions in 
potassium hydroxide (KOH) used as active metal loaded 
on supported catalysts have several advantages. Firstly, 
the  K+ ions serve as an efficient base catalyst is not only 
enhancing the alkalinity of the catalyst but also increas-
ing the concentration of water molecules on the catalyst 
surface, further accelerating the hydrolysis reaction [11, 
17].

Secondly, the  OH− ions can improve the surface 
hydroxyl group amount on boehmite. These hydroxyl 
groups promote water adsorption and facilitate the 
hydrolysis reaction of COS, dissociating to  H2S and 
 CO2. Most importantly, KOH is a widely available and 

(1)COS +H2O → H2S + CO2

(2)H2S + [O] → S +H2O

(3)S+ [O] → SOx
2−

relatively inexpensive chemical reagent readily accessible 
in the market.

In this work, three different size boehmite materials 
were chosen as the catalyst carrier and loaded alkali ions 
as active site on it through impregnation method under 
ambient temperature. The removal of COS via catalytic 
hydrolysis and  H2S yield were examined, also, catalytic 
stability of catalyst was evaluated. Moreover, the reaction 
and deactivation mechanisms of COS catalytic hydroly-
sis were explored to confirm the influence of alkali metals 
and alkali ions in the reaction.

2  Materials and methods
2.1  Reagents and chemicals
The chemicals used in this work were available techni-
cal-grade materials and were used as obtained without 
further purification. Boehmite-1 (3–5 mm) and KOH 
were purchased from Emperor Chemical (Taiwan). Boe-
hmite-2 (5–7 mm) was received from Kidays-Global Co. 
(Taiwan). Boehmite-3 (1.5–3 mm) was purchased from 
EIKME (Taiwan). Deionized (DI) water was used for 
aqueous solutions.

2.2  Preparation and characterization of K/Boehmite
The preparation of the process for K/Boehmite can be 
depicted in Fig. 1. A series of three K/Boehmite materials 
was immersed into a concentration of 20 g  L−1 for 72 h at 
room temperature. Next, the resulting product was col-
lected via filtration, washed with DI water several times, 
and dried at 80 °C in an oven to acquire K/Boehmite-1, 
K/Boehmite-2 and K/Boehmite-3. In this work, the 
R-ray Powder Diffraction pattern of all as-prepared cata-
lysts was investigated by an X-ray diffractometer (XRD, 
Bruker, USA). Morphologies of boehmite materials and 

Fig. 1 Schematic process for the fabrication of K/Boehmite materials
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all as-prepared catalysts were characterized by a scanning 
electron microscope (SEM, JOEL, Japan). Thermogra-
metric analysis (TGA) of all as-prepared catalysts were 
measured by a TGA analyzer (TGA 4000, PerkinElmer, 
USA). The specific surface area and pore size distribu-
tion of the catalyst were determined by a gas adsorption 
analyzer (NOVAtouch, Anton Paar, Austria). The  CO2 
temperature-programmed desorption  (CO2-TPD) was 
carried out to estimate the surface basicity of catalyst 
using chemisorption analyzer (ASIQ TPx, Anton Paar, 
Austria). Before conducting adsorption measurement, all 
samples were firstly degassed at 400 °C for 1 h, then the 
sample was exposed in 20 mL  min−1 of 5%  CO2/N2 at 25 
°C for 1 h and then was purged by  N2 in a heating pro-
gram from 25 to 800 °C with heating rate of 10 °C  min−1. 
Furthermore, Fourier Transform Infrared Spectroscopy 
(FT-IR) (iS5, Thermo Fisher Scientific) was used for 
identifying of gaseous products. To verify the catalytic 
scheme, X-ray photoelectron spectroscopy (XPS) (PHI 
5000 ULVAC-PHI, Japan) was applied to investigate the 
valence states of active surface elements.

2.3  Catalytic activity measurement
The tubular fixed-bed reactor equipped with a heating 
device was employed to replicate the activity and  H2S 
yield of the catalysts. Typically, the total gas flow rate was 
500 mL  min−1 (balanced by  N2), achieved by premix-
ing in a gas mixer to produce a simulated gas containing 
100 ppm of COS and a specified amount of water vapor 
(7.28%), which was controlled by passing N₂ through a 
water reservoir maintained at 40 °C. 1 g of catalyst and 
the mixed gas was introduced into a quartz tube,  H2S 
concentrations were continually monitored by a gas 
detector (POLI MP400P) and the concentration of COS 
were analyzed by FY-IR spectrophotometer, Figs. S1a and 
S1b displays the FY-IR spectra of COS and calibration 
curves, respectively.

The COS conversion and  H2S yield were calculated by:

3  Results and discussion
3.1  Characterization of boehmite and K/Boehmite 

materials
In order to examine the crystalline structure of the boe-
hmite materials, XRD analysis was conducted, and the 
resulting patterns are shown in Fig.  2a. The significant 
peaks observed at 14, 28, 38, 49, and 67° 2θ are indexed 

COS conversion =
[COS]in − [COS]out

[COS]in
× 100%

H2S yield =
[H2S]out

[COS]in − [COS]out
× 100%

and assigned to the orthorhombic phase of boehmite 
(AlO(OH)). Specifically, the peaks correspond to the 
(020), (120), (140), (200), and (231) planes, respec-
tively, which are characteristic of orthorhombic boe-
hmite. These indexed peaks confirm the presence of the 
orthorhombic AlO(OH) crystalline phase in all three 
samples (boehmite-1, boehmite-2, and boehmite-3). The 
indexing of these peaks enhances the clarity of the struc-
tural characterization, providing a clear confirmation of 
the crystalline phases present in the samples.

The  N2 adsorption isotherm and pore size distribu-
tion spectra are illustrated in Fig. 2b and c, respectively, 
and the textural properties of boehmite are presented in 
Table  1. The adsorption isotherms exhibited by all boe-
hmites conform to the IUPAC type IV isotherm, sug-
gesting that comprised porous structures. The pore size 
distribution, as depicted in Fig. 2c, further confirms that 
all boehmites contain pores ranging from a few nanom-
eters to mesoporous. The surface area of boehmite-1 
and boehmite-3 is 312 and 321  m2  g−1, respectively. Boe-
hmite-2 exhibits a slightly lower surface area at 219  m2 
 g−1, which is slightly below the other two. On the other 
hand, total pore volume of boehmite-1, boehmite-2 and 
boehmite-3 are 0.36, 0.40 and 0.46 mL  g−1, respectively. 
After KOH impregnation, the surface area of K/Boe-
hmite-1, K/Boehmite-2, and K/Boehmite-3 decreased to 
256, 186, and 267  m2  g−1, respectively, as shown in Fig. 2d 
and e. This reduction in surface area is consistent with 
the expectation that KOH loading could partially block 
the pores or cover the surface, leading to a lower acces-
sible surface area. The decrease is most pronounced in K/
Boehmite-2, likely due to its initially lower surface area 
and pore volume, which makes it more susceptible to 
pore blockage during KOH impregnation. Despite this 
reduction, K/Boehmite-3 maintained a relatively higher 
surface area and pore volume, suggesting that its larger 
pores were less affected by the KOH loading. These find-
ings underscore the impact of KOH impregnation on the 
textural properties of boehmite materials, which is cru-
cial for understanding their catalytic performance.

The morphologies of boehmite materials and the as-
prepared catalyst were observed through SEM as dis-
played in Fig.  3. Figure  3a–c depicts the SEM image 
of boehmite materials, characterized by irregular 
shapes and some surfaces displaying a flaky structure. 
After KOH impregnation, the catalyst retains a similar 
appearance to the original as exhibited in Fig. 3d–f. To 
further investigate the elemental composition, Energy 
dispersive spectrometer (EDS) analysis was employed 
for identification as displayed in Fig. S2. Figures  S2a–
S2c reveals that the prominent elements on boehmite 
materials before KOH impregnation, revealing that the 
prominent elements are aluminum (Al) and oxygen 
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(O) with weight percentages of Al – 45.6, 46.7, and 
46.9, and O – 54.4, 53.4, and 53.1%, respectively. On 
the other hand, Figs. S2d–S2f shows the spectrum of 
the as-prepared K/Boehmite materials, in addition to 
the original Al and O element, the presence of potas-
sium (K) is clearly observed. The weight percentages 
of potassium are 3.44, 3.08, and 5.30% as displayed in 
Fig.  3d–f, respectively. This evidence proves that the 
simple impregnation method can effectively dope alkali 
metal onto boehmite materials, significantly increasing 

the potassium content and enhancing the catalytic 
properties of the boehmite for the catalytic hydrolysis 
of COS.

To examine the influence of alkaline sites on the cata-
lysts and after KOH impregnation method,  CO2-TPD 
was utilized to analyze the distribution of alkaline cent-
ers, and exhibited in Fig. 4a and b. Typically, the strength 
of basic site is classified into three categories, weak 
(< 200 °C), medium (200–500 °C) and strong (> 500 °C) 
[18]. The weak basic site is associated with  CO2 species 
adsorbed onto surface hydroxyl groups with weak bond-
ing. the medium basic sites are attributed to adsorption 
over metal oxygen pairs, such as Al-O. Conversely, high-
temperature desorption peaks (> 500 °C) are linked to 
coordinatively unsaturated  O2− groups resulting from the 
partial breakdown of metal–oxygen pairs [19]. Obviously, 
the majority of basic sites observed in boehmite mate-
rials predominantly comprise strong basic sites, with 
only partial presence of weak sites, and notably lacking 
any discernible weak basic sites. However, the boehmite 
material after the KOH impregnation method indicates 
significant promotion of weak and medium basic sites, 
benefiting the catalytic hydrolysis reaction.

Fig. 2 a XRD pattern, b  N2 sorption isotherm, and c pore size distribution of Boehmite materials; d  N2 sorption isotherm, and e pore size 
distribution of K/Boehmite materials

Table 1 Textural properties of boehmite materials

Surface area (m2 g−1) Pore 
Volume 
(mL g−1)

Boehmite‑1 312 0.36

Boehmite‑2 220 0.41

Boehmite‑3 321 0.46

K/Boehmite‑1 256 0.34

K/Boehmite‑2 186 0.26

K/Boehmite‑3 267 0.42
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During the reaction process, the thermal stability 
of catalyst is a critical issue. Hence, Fig.  5a–b present 
the TGA curve for the as-prepared catalysts and after 
KOH impregnation method, respectively. The thermo-
gravimetric curve exhibits two mass loss features at 

100 and 400 °C. The initial mass loss observed at 100 
°C can be attributed to the departure of water mol-
ecules from the boehmite. Following this, a significant 
mass loss occurred at 400 °C, indicating the transfor-
mation of AlO(OH) to γ-Al2O3 phase [20]. After the 

Fig. 3 SEM image of a Boehmite‑1, b Boehmite‑2, c Boehmite‑3, d K/Boehmite‑1, e K/Boehmite‑2 and f K/Boehmite‑3

Fig. 4 CO2‑TPD profiles of a the Boehmite‑1, Boehmite‑2 and Boehmite‑3, b K/Boehmite‑1, K/Boehmite‑2 and K/Boehmite‑3
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KOH impregnation method, an increase in mass loss is 
observed in the as-prepared catalysts compared to the 
pristine boehmite, which can be attributed to the addi-
tion of KOH. Although this increase in mass loss, the 
impregnated catalyst reveals excellent thermal stability 
even at elevated temperatures, indicating its suitability 
for not only low-temperature but also high-tempera-
ture applications.

3.2  Effect of temperature on COS removal and  H2S yield
To investigate the effect of temperature on COS removal, 
COS conversion and  H2S yield were measured at differ-
ent temperatures. As shown in Fig.  6, COS conversion 
results are depicted in Fig.  6a, while  H2S yield results 
are illustrated in Fig.  6b. The COS conversion and  H2S 
yield for all three materials were low (below 10%) at 40 
°C. For boehmite-1, the COS conversion efficiency at 
50, 60, and 70 °C were approximately 30, 50, and 80%, 

Fig. 5 TGA curves of a the Boehmite‑1, Boehmite‑2 and Boehmite‑3, b K/Boehmite‑1, K/Boehmite‑2 and K/Boehmite‑3 under air atmosphere

Fig. 6 Catalytic hydrolysis a conversion of COS and b  H2S yield using Boehmite‑1, Boehmite‑2 and Boehmite‑3 at different temperatures. 
([COS] = 100 ppm, Gas Hourly Space Velocity = 5834 h.−1, water vapor = 7.28%)
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respectively, while the  H2S yields were 15, 25, and 45%. 
Boehmite-2 and boehmite-3 exhibited similar behavior 
to boehmite-1, with both COS conversion and  H2S yield 
significantly increasing with temperature. The increase 
in temperature promotes the adsorption of COS on the 
catalyst surface and accelerates the reaction rate, thereby 
enhancing COS conversion efficiency and  H2S produc-
tion. This indicates that temperature has a crucial impact 
on the catalytic hydrolysis of COS.

3.3  Effect of K/Boehmite catalysts on COS removal and  H2S 
yield

To estimate the effect of alkali metal loading on boe-
hmite for COS removal and  H2S yield, the COS conver-
sion and  H2S yield were measured for K/Boehmite-1, K/
Boehmite-2, and K/Boehmite-3 at different tempera-
tures. The results are shown in Fig.  7, COS conversion 
results are exhibited in Fig.  7a, while  H2S yield results 
are illustrated in Fig.  7b. K/Boehmite catalysts exhib-
ited higher COS conversion and  H2S yield at all tested 
temperatures. As the temperature increased, both COS 
conversion and  H2S yield for K/Boehmite materials sig-
nificantly improved. At 40 °C, the COS conversion for 
K/Boehmite-1, K/Boehmite-2, and K/Boehmite-3 was 
approximately 80%, with  H2S yields around 5–10%. 
When the temperature was raised to 50 °C, the COS con-
version for all three materials approached nearly 100%, 
with  H2S yields increasing to approximately 29, 16, and 
32%, respectively. At further elevated temperatures of 60 
and 70 °C, the COS conversion and  H2S yield for K/Boe-
hmite-1 were both close to 100%. For K/Boehmite-2, the 

 H2S yields were 87 and 90% at 60 and 70 °C, respectively, 
while for K/Boehmite-3, the  H2S yields were 44 and 98%, 
respectively.

The superior performance of K/Boehmite-1 can be 
attributed to its optimal potassium loading, which 
enhance catalyst to be more alkaline and increases the 
number of active sites available for COS adsorption and 
hydrolysis. Additionally, K/Boehmite-1’s high surface 
area and well-defined pore structure facilitate greater 
diffusion and interaction of COS molecules with these 
active sites. The KOH modification also significantly 
boosts the number of surface hydroxyl groups, which are 
crucial for the hydrolysis reaction by promoting water 
adsorption. These factors synergistically contribute to 
the enhanced catalytic efficiency observed with K/Boe-
hmite-1. This indicates that the introduction of alkali 
metal increases the number of active sites on the cata-
lyst surface, promoting the adsorption and reaction rate 
of COS, thereby enhancing the conversion efficiency of 
COS and the yield of  H2S. Additionally, higher tempera-
tures further enhance the activity of these sites, making 
it easier for COS to react on the catalyst surface to form 
 H2S. Table 2 summarizes a literature review and perfor-
mance comparison across different studies. As shown in 
Table 2, the K/Boehmite-1 catalyst exhibits the best COS 
hydrolysis performance at low temperatures compared 
to other catalysts. The novelty of this study lies in the 
use of boehmite as catalyst support, which has not been 
extensively explored in previous studies. Furthermore, 
the K/Boehmite-1 catalyst not only achieves 100% COS 
conversion but also reaches a 100%  H2S yield at 60 °C, 

Fig. 7 Catalytic hydrolysis a conversion of COS and b  H2S yield using K/Boehmite‑1, K/Boehmite‑2 and K/Boehmite‑3 at different temperatures. 
([COS] = 100 ppm, Gas Hourly Space Velocity = 5834 h.−1, water vapor = 7.28%)
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demonstrating superior catalytic efficiency under milder 
conditions than those used in previous works. These 
results demonstrated the effectiveness of KOH impreg-
nation on boehmite, offering a viable and highly efficient 
solution for industrial COS removal.

3.4  Durability performance
The durability of the K/Boehmite-1 catalyst for COS 
hydrolysis was evaluated in the presence of 100 ppm 
COS. As shown in Fig. 8, the concentration of  H2S pro-
duced by the K/Boehmite-1 catalyst rapidly increased 
and stabilized at around 100 ppm within the first hour 
of the reaction. This high level of  H2S production was 
maintained consistently over the entire 24-h testing 
period. The stability and sustained performance of the K/
Boehmite-1 catalyst indicate its excellent catalytic dura-
bility for the hydrolysis of COS. Unlike other catalysts 
which may exhibit a decline in activity over time, K/Boe-
hmite-1 maintained near 100% efficiency, demonstrating 

its potential for industrial applications. This consistent 
performance underscores the robustness of the KOH 
impregnation method in enhancing the catalytic proper-
ties of boehmite for effective and durable COS removal.

3.5  Surface chemistry by XPS
To explore the mechanism of the COS catalytic hydrol-
ysis reaction, we analyzed the chemical state changes 
on the surface elements of the catalysts using XPS. 
The XPS survey spectra shown in Fig.  9 exhibit dis-
tinct peaks corresponding to Al and O elements in the 
upper spectrum for boehmite-1, which are characteris-
tic of the AlO(OH) structure (Fig. 9a). The main peaks 
observed are Al 2p, Al 2 s, O 1 s, and minor peaks asso-
ciated with surface hydroxyl groups. Besides, the lower 
spectrum for the used boehmite-1 catalyst shows a 
decrease in the intensity of the Al and O peaks, indicat-
ing changes in the surface composition after the cata-
lytic reaction. Additionally, new peaks corresponding 

Table 2 Studies of catalytic conversion of COS to  H2S over various catalysts

Catalyst Reaction temperature (°C) COS Conversion (%) H2S Yield (%) Ref

K/Boehmite‑1 60 100 100 This work

NH3 ‑Fe/MCSAC 50 93.5 ‑  [10]

Fe‑Cu‑KOH/WSB 70 70 ‑  [16]

10‑KA 50 90 80  [7]

MgAlCeOx 50 70 ‑  [21]

ZnAl‑20Sm‑Na MMO 60 90 50  [22]

Fig. 8 Durability performance of COS hydrolysis on K/Boehmite‑1 ([COS] = 100 ppm, Gas Hourly Space Velocity = 5834 h.−1, water vapor = 7.28%, 
temperature = 60 °C)
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to sulfur (S) are observed, suggesting the adsorption of 
sulfur-containing species, likely reaction products or 
intermediates, on the catalyst surface. Figure  9b illus-
trates the upper spectrum for the fresh K/Boehmite-1 
catalyst displays similar Al and O peaks as seen in the 
fresh boehmite-1 spectrum, along with additional peaks 
corresponding to potassium (K) from the KOH loading. 
The presence of K is confirmed by the K 2p and K 2 s 
peaks, indicating successful impregnation of KOH onto 
the boehmite. And the lower spectrum for the used K/
Boehmite-1 catalyst shows reduced intensity in the Al 
and O peaks, similar to the used boehmite-1 catalyst, 
but with a noticeable retention of the K peaks. Fur-
thermore, significant peaks corresponding to S appear, 
indicating that sulfur-containing species have adsorbed 
onto the catalyst surface during the reaction. This 
observation suggests that the catalyst effectively par-
ticipates in the hydrolysis of COS, leading to the forma-
tion and adsorption of sulfur-containing products like 
 H2S on the catalyst surface.

As shown in Fig.  10, the O 1 s spectrum can be 
decomposed into three types of oxygen species. The 
peaks at approximately 530.0, 532.1, and 533.2 eV cor-
respond to bulk oxygen from the crystal structure (Al-
O), surface hydroxyl groups (Al–OH), and adsorbed 
water on the surface (H-OH), respectively [23]. The 
properties of the catalysts are detailed in Table  3. 
Among these oxygen species, surface-OH groups play a 
crucial role in the reaction by facilitating the activation 

of COS adsorbed on the catalyst surface, which then 
reacts with  H2O to produce  H2S.

Table  3 shows that the H-OH ratio in boehmite 
decreases from 25.5 to 19.2% after the catalytic hydroly-
sis reaction. Additionally, the H-OH ratio in boehmite 
increases from 25.5 to 30.1% after immersion with KOH. 
The introduction of alkali metal hydroxide significantly 
impacts the catalysts, as evident from the increase in the 
Al-O ratio after the catalytic hydrolysis reaction, shown 
in Fig. 10b and d. The shift of the O 1 s peaks to higher 
binding energy in the used K/Boehmite sample indicates 
electron transfer from the O 1 s orbital.

Through examining various physical and chemical 
parameters, it is evident that alkali metals play a pivotal 
role in the COS catalytic hydrolysis reaction. During 
the reaction, the competitive adsorption of COS and 
 H2O notably affects the efficiency of COS removal, par-
ticularly for Al-based catalysts due to the strong water 
adsorption capacity of AlO(OH).  H2O readily adsorbs 
on the catalyst surface, inhibiting COS adsorption. 
Modification with alkali metal hydroxide enhances 
COS adsorption. Potassium ions in the catalytic pro-
cess render catalyst more alkaline. The surface hydroxyl 
groups (-OH) promote water adsorption and reaction, 
serving as crucial active sites for the hydrolysis reac-
tion. These hydroxyl groups help break down COS 
molecules, resulting in the formation and dissocia-
tion of  H2S and  CO2. Therefore, we propose a catalytic 
mechanism illustrated in Fig. 11. The strong interaction 

Fig. 9 XPS survey spectra of a fresh Boehmite‑1 and used Boehmite‑1, b fresh K/Boehmite‑1 and used K/Boehmite‑1
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between COS and K ions likely increases COS adsorp-
tion on the Al-based catalyst surface, providing more 
opportunities for COS to participate in the hydrolysis 
reaction. Subsequently, COS reacts with  H2O adsorbed 
on AlO(OH) via dissociated -OH groups to form  CO2 
and  H2S. Thus, modifying with alkali metal hydroxide 
can increase -OH group amounts and enhance COS 
adsorption simultaneously. The possible hydrolysis 

Fig. 10 XPS analysis of a fresh Boehmite‑1, b K/Boehmite‑1, c used Boehmite‑1 and d used K/Boehmite‑1 O1s

Table 3 Catalysts characterization by XPS

Al-O (%) Al–OH (%) H-OH (%)

Boehmite‑1 34.5 40 25.5

K/Boehmite‑1 43.9 26 30.1

used Boehmite‑1 39.4 41.4 19.2

used K/Boehmite‑1 50.6 29.2 20.2
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reaction path of COS occurring on the catalyst surface 
is shown in Fig. 11.

4  Conclusions
In this study, the alkali metal-treated boehmite catalysts 
exhibited markedly higher COS conversion efficiencies 
and  H2S yields across various temperatures compared to 
untreated boehmite. Notably, at 40 °C, COS conversion 
efficiencies for K/Boehmite materials were approximately 
80%, with  H2S yields around 5–10%. At elevated temper-
atures (50, 60, and 70 °C), COS conversion approached 
nearly 100%, and  H2S yields significantly increased, 
reaching up to 98% for K/Boehmite-3. Furthermore, the 
introduction of KOH increased the number of active sites 
on the catalyst surface, as evidenced by the XPS analysis. 
These active sites facilitated the adsorption and reaction 
of COS, enhancing both conversion efficiency and  H2S 
yield. The alkali metal loading also promoted the forma-
tion of weak and medium basic sites, which are beneficial 
for the catalytic hydrolysis reaction. This study proposes 
a simple method for loading alkali metal onto boehmite, 
which significantly enhances its catalytic performance for 
the hydrolysis of COS, making it a promising approach 
for effectively removing COS in industrial applications. 
Additionally, the method can efficiently produce  H2S, 
which can be recycled for industrial processes, thereby 
achieving the goals of a circular economy.
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