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Influence of Gas Type on Adsorption Performance of Chabazite
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Abstract. Chabazite is a kind of aluminosilicate with special structure. In recent years, a large
number of related studies have proved that it has good CO, adsorption performance. In this paper,
the effect of gas species on the adsorption capacity of chabazite at a certain temperature was studied,
and the conclusion was drawn: under the temperature of 60°C, the adsorption capacity of chabazite
for N2 was 1.0 mmol/g, and the adsorption capacity for CO, was 2.4 mmol/g, there is a relatively
large difference in the adsorption capacity of these two gases.
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1. Introduction

Zeolite is an aluminosilicate ore with specific pore structure. Zeolites can be classified into MFlI,
FAU, BEA, and CHA types according to the extension law of the smallest repeatable unit in the three-
dimensional direction. According to the pore size, zeolites can be divided into small pores, medium
pores and large pores (the number of ring silicon atoms of small pore zeolite is less than or equal to
eight, and the number of ring silicon atoms of large pore zeolite is greater than or equal to twelve).
CHA structure zeolite (chabazite) is a zeolite whose primary structural units are silicon-oxygen
tetrahedron and aluminum-oxygen tetrahedron, which are connected to form a six-membered ring by
sharing oxygen atoms. Therefore, it has a special three-dimensional pore structure and cage structure.
At present, it is the gas adsorption performance of the adsorbent that determines the operating
efficiency of most CO: capture devices. When chabazite adsorbs or desorbs gas, it will be
accompanied by the release and absorption of heat. Thermodynamic analysis can further reveal the
reaction mechanism of gas adsorbed on the adsorbent, and provide a theoretical basis for improving
CO:z2 capture efficiency.

Chabazite has unique adsorption and ion exchange properties. The inside of chabazite has channels
with uniform pore size and a large number of cavities, which makes the inside of chabazite have a
particularly large surface area, which provides the possibility for the adsorption of gas by chabazite.
Molecules with similar pore size can enter the chabazite and be adsorbed, while molecules larger than
the pore size cannot enter it. The cations inside the chabazite have a certain fluidity. When the
chabazite is immersed in a salt solution with metal cations, the cations in the solution will enter the
chabazite, thereby replacing the original cations. This property can change its internal pore size as
well as the electric field and surface acidity inside the crystal, thereby changing its adsorption.
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Fig. 1 Chabazite in crystalline state
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2. Scheme of Synthesis of Chabazite

2.1. Scheme (A)

Reagents: silica sol; aluminum sulfate; NaOH; N,N,N-trimethyl-1-adamantane ammonium
hydroxide.

Instruments: reaction kettle; oven; X-ray diffractometer.

Experiment procedure:

Using silica sol, aluminum sulfate, sodium hydroxide, N,N,N-trimethyl-1
-adamantane ammonium hydroxide (R) and deionized water as raw materials, SSZ-13 was
synthesized by traditional hydrothermal method. SiO2:A1203:NaOH:R20:H20= 40:1:6:5:900 ratio
and mix, after stirring evenly, age at room temperature for 0.5 h, and then pour it into a high pressure
reaction kettle with PTFE lining at 155°C Crystallize for 2 to 5 days. After the reaction, it was poured
into a beaker, heated to 70-80°C, and then added a certain amount of ammonium chloride for
exchange for 2 h, vacuum filtered, and the exchange reaction was repeated 3 times. The separated
solid was dried at 120°C, and then calcined with a temperature-programmed temperature to remove
the templating agent and water in the crystals to obtain the original powder SSZ-13.

In the experiment, on the basis of the original synthesis, keeping other reaction conditions
unchanged, the amount of NaOH and water was changed in turn, and the change of the specific
surface area with the reaction time was observed when adding seeds and accelerators.

2.2. Scheme (B)

Reagents: silica sol; sodium meta aluminate or aluminum hydroxide; potassium hydroxide and
sodium hydroxide (base raw materials); heterogeneous T-type zeolite.

Instruments: stainless steel reaction kettle; suction filter; X-ray diffractometer.

Adopt heterophase T-type zeolite as crystal seed to induce formation of chabazite without adding
organic template agent, and its preparation is as follows:

(a).Prepare raw material liquid SiO2-Al203-K20-Na20-H20,the molar ratio of each component is
Si02/A1203=10~25, H20/Si0,=10~16,Na‘’/K*=0.1~0.8, OH/Si02=0.85~1.2;

(b).The prepared raw material solution is added with 0.1~5wt% T-type zeolite crystal seeds,
poured into a stainless steel reaction kettle, and hydrothermally synthesized at 80~180°C for 6~48
hours;

(c).After the completion of the reaction, boil with 100°C of deionized water, wash away the surface
alkali liquor, suction filter, wash to pH 7, and dry at 100°C for 12 hours.

3. The effect of gas species on adsorption capacity

The Dual-site-Langmuir equation can calculate the adsorption heat of N2 and COz on chabazite
under certain temperature conditions. The specific formula is shown in formula (1):
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At a certain temperature, the adsorption curve of chabazite is brought into the above equation
for fitting, and an approximate predicted trend can be finally obtained. In addition, the isotherms at
363K, 333K, and 303K can also be used to obtain the adsorption heat of chabazite for certain gases
by using the Clapeyrn formula. The Clapeyrn formula looks like this:
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Integrating both ends of formula (4), the linear form of formula (4) can be obtained as follows:
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Substituting the relevant parameters of the Dual-site-Langmuir equation and the fitting curve into
formula (5), the relationship between the adsorption capacity of chabazite for N2 and the heat of
adsorption can be obtained, and it can be proved that chabazite has a certain adsorption capacity range
for CO2. The adsorption heat trend is a downward curve.

According to the weight loss study of chabazite recorded in relevant literature, it can be seen that
when the surrounding temperature reaches above 300°C, the chabazite basically does not change in
terms of weight, which proves that when the temperature reaches a certain value, the interior of
chabazite There is no gas and water anymore. At this time, the weight of chabazite is its real weight,
so we usually set 300°C as the activation temperature of chabazite. The basic conditions for the
adsorption characteristics test are shown in Table 1.

Table 1. Test Conditions Table

Initial temperature®C | Termination temperature®C | Heating rate®C/min | Operating time (min)
1 60 60 0 60
2 300 300 0 60
3 30 300 30 9
4 300 60 -10 24

Before the experiment, before completing the adsorption test on the experimental sample, it is
necessary to stipulate that the experiment should be carried out under the same conditions, so that it
can be compared with other subsequent experiments to obtain more scientific results. The uniform
steps for this regulation are:

(@). Turn on the machine and power it up, turning on the switches for all associated ancillary
equipment.

(b). Put in N2 gas at a speed of 30ml/min, and then wait for the flowmeter to stabilize before
starting the next step.

(c). Load the sample and place the sample into the device using a gentle handling strategy.

(d). Set the program, such as the speed at which the temperature is raised, and parameters such as
how long each temperature lasts.

According to the above steps, the test of the sample to be tested is carried out under a unified
standard. The specific details are not described in this article. The adsorption capacity data of
chabazite for N2 and COz at 60°C obtained in the final experimental test are shown in the Table 2.

Table 2. Adsorption capacity of chabazite at 60°C

Sample/time 50 min 100 min 150 min 200 min 250 min
CO2 0 mmol/g 0.7 mmol/g 1.4 mmol/g 2.4 mmol/g 2.5 mmol/g
N2 0 mmol/g 0.2 mmol/g 0.7 mmol/g 1.0 mmol/g 1.2 mmol/g

It can be seen from Table 2 that the adsorption capacities of the two chabazites for gases are
relatively similar. In addition, if the temperature is lowered, the adsorption quantity of chabazite for
N2 and CO2 will increase, and the adsorption rate of N2 is lower than that of CO2. When the state is
stable, Nz is significantly smaller than CO: in terms of the amount of adsorption. When the
temperature is 60°C, the adsorption capacity of chabazite for N2 is 1.0 mmol/g, and the adsorption
capacity for COz is 2.4 mmol/g. There is a big difference in the adsorption capacity of these two gases.
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This is because Nz is a non-polar molecule, but COz2 is a triatomic molecule and a polar molecule, so
the force on the surface of chabazite on N2 is much smaller than the intermolecular force of COa.

4. Conclusion

Through research, it is known that the force on the surface of chabazite on Nz is much smaller than
the intermolecular force of COz. In addition, the molecular diameter of N2 is 0.36nm, which is larger
than the molecular diameter of CO2, 0.33nm, and the internal pore size of chabazite is 0.34 nm. So it
is obvious that CO2 molecules can easily enter the pores of chabazite and be adsorbed.
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