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Abstract 

Zeolites are commonly used as carbon dioxide adsorbents mainly because they have high selectivity do CO2 

due to the uniform pore distribution and the presence of charge compensating cations that interact more 

strongly with molecules of higher quadrupole moment. Zeolite 13X is the most studied for CO2 capture, with 

most studies using the material in powder form, while studies with pellets are little explored. The objective of 

this work was to evaluate the breakthrough time and the adsorption capacity of CO2 from13X Zeolite in pellet 

form in a fixed bed, at different CO2 concentrations. Scanning electron microscopy and textural analysis of the 

pellets were performed. The maximum value of CO2 adsorption capacity was 1.32 mmol.g-1 reached at a 

concentration of 50% CO2. The results show that the breakthrough time reduces with the increase in CO2 

concentration, while the CO2 adsorption capacity is directly proportional to the concentration.  
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1. Introduction 

Zeolites are microporous crystalline 
aluminosilicates. Its structure consists of an 
assemblage of SiO4 and AlO4 tetrahedra, joined 
together in regular arrangements through shared 
oxygen atoms, to form an open crystal lattice 
containing uniform pores of molecular dimensions 
[1]. 

The use of zeolites as carbon dioxide (CO2) 
adsorbents occurs mainly because they present high 
selectivity to CO2. This is attributed to the uniform 
pore distribution of these materials and the presence 
of charge-compensating cations that interact more 
strongly with molecules with a higher quadrupole 
moment. Thus, preferential adsorption of CO2 can 
be satisfactorily applied in carbon dioxide capture 
processes in post-combustion process effluents or in 
natural gas beneficiation. [2]. 

Zeolite 13X is the most studied for CO2 capture, 
with most studies using the material in powder 
form, while studies with pellets are little explored. 
However, the adsorbent in pellet form is more 
suitable for industrial application, especially in units 
that require reduced spaces.  A recent article reports 
the CO2 adsorption capacity of 2.97 mmol.g-1 of 
zeolite 13X in pellet format [3]. Other articles have 
presented the same order of magnitude of CO2 
adsorption from pelletized zeolite 13X, of 2.47 
mmol.g-1 [4] and 2.49 mmol.g-1 [5]. However, the 

literature still presents few studies with zeolites in 
different formats of powder or granules. 

In order to understand the adsorption kinetics of 
CO2 in 13X zeolites in pellet format, the adsorbent 
breakthrough curves were developed. From the 
breakthrough curves, it was possible to obtain two 
parameters for investigating the extent of 
adsorption: the breakthrough time in minutes and 
the adsorption capacity of the adsorbent in terms of 
amount of CO2 matter per mass of adsorbent (mmol 
g-1). The objective of this work was to evaluate the 
breakthrough time and the adsorption capacity of 
CO2 in pelletized 13X zeolite in a fixed bed, at 
different CO2 concentrations. 

 
2. Experimental  
 
2.1 Adsorbent and characterization 

 
The adsorbent used in the tests was the 

commercial 13X zeolite in pellet format provided 
by COPENE (Northeast Petrochemical Company), 
currently BRASKEM S.A. to the Catalysis and 
Materials Laboratory (LABCAT) of UFBA. 

The micrographs were collected on Hitachi 
model S-3400N equipment at different 
magnifications. The most representative image of 
the sample was selected.  

N2 physisorption isotherms were obtained using 
a Micromeritics equipment (model ASAP 2020). 
The surface area measurement was calculated using 
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the nitrogen adsorption method developed by 
Brunauer, Emmett and Teller (BET), micropore 
area and micropore volume using the Dubinine-
Astakhov (DA) method and the mean pore diameter 
using the Horvath-Kawazoe method.  
 
2.2 CO2 adsorption tests in fixed bed: breakthrough 

curves 
 

The breakthrough curve tests were performed in 
a tubular reactor with 17.5 mm internal diameter. 
The gas flow was controlled by PID Eng&Tech 
flow meters and then analyzed at appropriate 
intervals and quantified in a Shimadzu GC17 gas 
chromatograph equipped with a Carboxen1010 
capillary column. The procedures used for 
chromatographic analysis consisted of runs using 
nitrogen as carrier gas, TCD detector, including 
previous injections of standards under the same 
conditions. 

The breakthrough curve tests were performed 
after pre-treatment of the adsorbent for 30 min at 
350 °C in a nitrogen stream of 50 mL min-1, to purge 
the adsorbent surface (removal of gases and 
moisture). After cooling the reactor to 35 ± 3 °C, the 
adsorption test was started by allowing the passage 
of a mixture containing 10% CO2 and 90% N2, then 
30% CO2 and 70% N2, and finally 50% CO2 and 
50% N2. The total flow of the reagents was 100 
mL.min-1 and the adsorbent mass (𝑊) was 20 g. 

The tests were conducted until the saturation of 
the adsorbent surface was reached, until the point at 
which the CO2 concentration at the reactor outlet 
approached that of the inlet stream. To obtain the 
breakthrough curves, the ratio between the outlet 
and inlet concentration of the desired effluent 
(normalized concentration, 𝐶/𝐶0) was used as a 
variable, as a function of the reaction time. The 
breakthrough time (tb) corresponds to the time in 
which the effluent outlet concentration reaches 5% 
of the bed inlet concentration [6,7] 

The CO2 adsorption capacity (𝑄) of the adsorbent 
at different concentrations was estimated from [8]:  

 

𝑄 =  
𝐹 ⋅ 𝐶0 ⋅ 𝑡𝑞

𝑊
 

 

(1) 

where 𝐹, 𝐶0 and 𝑊 are the total flow rate (mL.min-

1), initial concentration (mmol.mL-1) and weight of 
the adsorbent (g). The stoichiometric time (𝑡𝑞) in 
minutes is calculated from [8]: 
 

𝑡𝑞 =  ∫ (1 −
𝐶

𝐶0
)  𝑑𝑡

𝑡𝑞

0

 

 

(2) 

3. Results and discussion 

3.1. Adsorbent and characterization 
 
Fig. 1 shows the micrograph of commercial 

zeolite 13X pellets. The pellets have a 
predominantly smooth surface with micro cavities, 
a diameter of 1.5 mm and an average length of 6.0 
mm.  

 

 

Fig. 1. Micrograph of pelletized 13X Zeolite 

Fig. 2. shows the N2 physisorption isotherm of 
zeolite 13X. The isotherm is classified as type I, 
typical of microporous materials. With increasing 
relative pressure, the isotherm acquires 
characteristics of type IV isotherm. Additionally, 
the hysteresis loop observed for the zeolite can be 
classified as type H1, which represents a narrow 
band of uniform mesopores. A marked adsorption 
of N2 can be observed at low P/P0 values, indicating 
high adsorption in micropores. Moreover, a very 
pronounced inflection point can be noted at low 
relative pressures, suggesting the formation of a 
monolayer and the complete filling of the 
micropores. 
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Fig. 2. N2 physisorption isotherm of pelletized 
13X zeolite 
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The textural properties of zeolite 13X are 
presented in Table 1. The commercial zeolite 13X 
of the present work presented low surface area 
(BET) compared to the commercial pelletized 
zeolites 13X observed in the literature, 802 m².g-1 
[6], 544 m².g-1 [7]. This small surface area and 
especially the micropore area can reduce the CO2 
adsorption capacity. 

 

Table 1. Textural properties of pelletized 13X 
Zeolite. 

Textural properties Zeolite 13X(pellets) 

SBET
a (m2.g-1) 21.17 

Smic
b (m2.g-1) 24.77 

Vmicro
b (cm³.g-1) 0.0106 

Dpc (nm) 0.72 
a SBET, surface area calculated by BET  
b Smic, surface area calculated by Dubinine-Astakhov method 
bVmicro, volume de microporos by Dubinine-Astakhov method 
CDp, mean pore diameter by Horvath-Kawazoe 

 
 

3.2. CO2 adsorption tests in fixed bed: breakthrough 
curves 

 

Fig. 3. shows the results of the breakthrough 
curves (A) and the adsorption capacity (B) of CO2 
at different concentrations. The breakthrough time 
reduces as CO2 concentration increases. 
Concentrations of 30 and 50% saturates at nearly the 
same time, around 10 minutes, while the 
breakthrough time for 10% CO2 is 35 minutes. This 
indicates that the increase in CO2 concentration 
leads to a faster saturation of the adsorptive bed. At 
low concentrations, there is less interaction between 
the adsorbate (CO2) and the adsorbent (zeolite 13X), 
in addition to the greater incidence of diffusional 
effects in the bed, leading to a slower saturation of 
the adsorbent. 

However, regarding the CO2 adsorption capacity 
(Fig. 3-B), an increase in 𝑄 is observed with the 
increase in the concentration of the adsorbate in the 
stream. The trend curve of the CO2 adsorption 
capacity continues to increase with the increase in 
concentration, indicating that the adsorbent may 
present a greater adsorption capacity at 
concentrations greater than 50% CO2, until reaching 
a plateau; however, the increase in concentration 
also reduces the rupture time (bed saturation). 

 The maximum value of the CO2 adsorption 
capacity was 1.32 mmol.g-1, reached at the 
concentration of 50% CO2. This result is consistent 
with the literature, despite the low surface area of 
the 13X zeolite in the present work, in which the 
CO2 adsorption capacity of the 13X zeolite pellets 

was between 2.4 and 3.0 mmol.g-1, with a CO2 
concentration of 100% [3,4,5]. 
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Fig 3. Breakthrough curves (A) and adsorption 

capacity (B) of CO2 at different concentrations 
 

 
5. Conclusion 
 

This work presented the breakthrough time and 
the CO2 adsorption capacity of 13X zeolite pellets 
in a fixed bed, at different CO2 concentrations. The 
results show that the breakthrough time reduces 
with the increase in CO2 concentration, while the 
CO2 adsorption capacity is directly proportional to 
the adsorbate concentration. 
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