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Abstract: The capture of low concentration CO2 presents numerous 

challenges. Here, we report that zinc containing chabazite (CHA) 

zeolites can realize high capacity, fast adsorption kinetics, and low 

desorption energy when capturing ca. 400 ppm CO2. Control of the 

state and location of the zinc ions in the CHA cage is critical to the 

performance. Zn2+ loaded onto paired anionic sites in the six-

membered rings (6MRs) in the CHA cage are the primary sites to 

adsorb ca. 0.51 mmol CO2/g-zeolite with Si/Al= ca. 7, a 17-fold 

increase compared to the parent H-form. The capacity is increased 

further to ca. 0.67 mmol CO2/g-zeolite with Si/Al= ca. 2 due to more 

paired sites for zinc exchange. Zeolites with double six-membered 

rings (D6MRs) that orient 6MRs into the cages give enhanced uptakes 

for CO2 adsorption with zinc exchange. The results reveal that zinc 

exchanged CHA and several other small pore, cage containing 

zeolites are worthy of further investigation for the capture of low 

concentration CO2.  

Introduction 

Carbon dioxide (CO2) capture is being investigated as an 

important approach to limit further increases in CO2 concentration 

in the atmosphere.[1] The conventional approaches for capturing 

high concentration (>10%) CO2 are being developed for 

addressing emissions from point sources, such as cement plants, 

power stations, iron/steel industry installations, and oil refineries. 

However, point source capture by itself will not be able to reduce 

atmospheric CO2 as ca. 50% of the anthropogenic emissions are 

from mobile sources.[2] Direct air capture (DAC) may be able to 

aid in mitigating global CO2 amounts originating from point source 

and non-point source emissions, and allow for onsite technologies 

for CO2 storage or utilization (thereby eliminating the need for 

storage and transport infrastructure).[2–4] DAC is also promising 

for capture of leaked CO2 from carbon capture and storage point 

sources and/or geologic CO2 storage sites.[5] DAC requires 

capture from low concentrations of CO2, ca. 400 ppm CO2. In 

addition to DAC, efficient removal of low concentration CO2 may 

be useful for other situations such as air purification in space 

stations and future human space environments, aircraft, 

submarine, and office buildings, and in medicine, e.g., anesthesia 

machines.[6,7] In order to create efficient capture technologies for 

low concentration CO2 environments, there is a need for new 

adsorbents.  

Capture of CO2 requires an effective and economic sorbent 

that possesses merits such as moderate CO2-binding affinity, fast 

Figure 1. Radar chart illustrating some of the key features that materials need 

to address for use with CO2 capture. Radar charts with other criteria are 

available.[8] 

sorption kinetics, high capacity, good selectivity against other 

components in the air, easy regeneration with minimal energy 

input, long-term stability, and low cost.[8–10] In practice, all 

adsorbents have trace-offs, as shown in Figure 1. For instance, 

conventional materials like alkaline- or amine-based sorbents can 

effectively solve several core issues, and are currently being used 

by Carbon Engineering and Climeworks for DAC, 

respectively.[11,12] However, they require either high 

temperature/energy input for regeneration or have time-

dependent oxidation, and they can evaporate toxic volatiles into 

the atmosphere.[2,10] Other sorbent types, such as porous 

materials supporting amines,[2,13–15] moisture-swing sorbents,[5,16] 

zeolites[10,17] and metal-organic frameworks (MOFs)[18–20] have 

been and are currently being investigated for CO2 capture. Among 

these, zeolites and MOFs (Figure 1) are physisorbents that are 

showing promise for CO2 capture because they have the potential 

for fast kinetics and low energy requirements for regeneration that 

could drastically reduce the cost of operations.[9,10] These 

properties will likely be particularly significant in applications 

involving trace CO2 capture, as the low concentrations of CO2 

often result in both low diffusion rates and low CO2 capacities.[21] 

Although it is challenging for these materials to maintain CO2 
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capacity under humid conditions, this can be solved by either 

synthesizing hydrophobic materials[22] or engineering multi-bed 

systems with guard desiccant bed before the sorbents.[23,24] Here, 

we focus on zeolites as they are used in many commercial 

applications including catalysis, adsorption and separation due to 

their physical and chemical stabilities.[25–27] They can be 

synthesized at very large scale over a broad range of properties, 

e.g., very hydrophilic to very hydrophobic. Zeolites already have 

shown promising performance for CO2 capture in post-

combustion carbon capture processes as well as CO2 removal in 

air pre-purification processes (including the international space 

station, where a desiccant bed is used prior to the zeolite bed for 

CO2 capture ).[9,23,28,29]  

Although numerous zeolites have been investigated for 

carbon capture,[30–35] the research for capture of low 

concentrations of CO2 (ca. 400 ppm) is scarce, and has mainly 

been focused on low-silica zeolites of the FAU-type (Si/Al less 

than 2).[10,17,36] Low-silica zeolites have high H2O affinity as well 

as low hydrothermal stability that likely will present challenges for 

large scale commercialization of carbon capture technologies.[37] 

Here, we report a successful design of zinc exchanged CHA-type 

zeolites (Figure 2a) with elevated Si/Al that give higher CO2 

capacity, faster adsorption kinetics, and lower desorption energy 

for both CO2 and H2O than the standard 13X (FAU-type with 

Si/Al=1.1). SSZ-13 zeolites (synthetic CHA-type) were prepared, 

as they can be synthesized over a very broad range of Si/Al and 

are commercially available at several Si/Al.[38,39] Also, SSZ-13 has 

demonstrated promising CO2 adsorption performance and 

CO2/N2 selectivity for capturing high concentration CO2.[40–48] We 

demonstrate here that the choice of the zeolite as well as the state 

and location of zinc ions are crucial for the CO2 adsorption 

performance. We denote zinc as Zn throughout, but want to make 

it clear that this notation does not imply zinc metal. All zinc 

analyzed in this study is in the form of a ion (there are several 

types).  

Results and Discussion 

CO2 adsorption in Zn-CHA-type zeolites 

CHA-type zeolites possess the CHA framework topology 

(Figure 2a) that consists of CHA cages connected via double six-

membered rings (D6MRs), and have small pores (those that are 

constructed from 8 T-atoms (Si +Al) and 8 oxygen atoms –

denoted an 8-membered ring, 8MRs).[49] Here, CHA-type 

materials were synthesized with different Si/Al ratios (see 

physicochemical properties in Figures S1-S5 and Table S1). The 

samples were denoted as M-CHAR-NW, where M, R and N 

indicate the extra-framework cation type, Si/Al ratio, ion 

concentrations of aqueous solutions and samples washed with a 

copious amount of H2O after ion exchange, respectively. If W is 

not included, the material was not washed with distilled H2O after 

ion exchange, and if no value is listed after W, then only one 

exchange was performed. Column breakthrough experiments 

(see details in Figure S6) in a fixed-bed were used to examine the 

CO2 capture performance, as this method provides breakthrough 

capacity, saturation capacity and diffusion kinetics, as well as 

desorption energy when coupled with temperature programmed 

desorption (TPD). 

Alkali-ion containing SSZ-13 zeolites have been shown to 

adsorb CO2 due to the strong electric field and acid-base 

Figure 2. Performance of zinc ion exchanged CHA-type zeolites for CO2 

adsorption. a) CHA cage with 8-membered ring (8MRs) and double 6-

membered ring (D6MR) highlighted in pink and gold, respectively. Extra-

framework cation locations are shown by brown and blue spheres in the 8MR 

and below the D6MR, respectively. b) The capacities for CO2 adsorption in ion-

exchanged CHA-type (M-CHAR-NW2X) zeolites, where M, R and N indicate the 

extra-framework cation type, Si/Al ratio and ion concentrations of aqueous 

solutions, respectively. If W is not included, the material was not washed with 

distilled H2O after ion exchange, and if no value is listed after W, then only one 

exchange was performed. Zeolite 13X is used for comparison since it is a 

standard and top-performing zeolite adsorbent for direct air capture (DAC). 

interaction induced by the ions.[32,44] Our results (Figure 2b) show 

that Na-CHA7-0.5 gives a two-fold increase of CO2 capacity over 

the H-CHA7 zeolite. In order to test the effect of the varying 

number of ions in the solids on adsorption capacity, Na-CHA 

zeolites with different Si/Al ratios were investigated. The 

adsorption capacity (Table S2) for the zeolites with Si/Al ratios of 

2, 5, 7, 9 and 20 are all substantially lower (0.16 mmol/g or less) 

than that of the 13X zeolite (0.41 mmol/g). Note that 13X zeolite 

has reported values in the literature of 0.40-0.41 mmol/g for CO2 

concentrations between 395-500 ppm, validating the reliability of 

our method.[7,17,36] 

As it was not possible to obtain high CO2 capacity using Na-

CHA zeolites, alternative cation types were investigated for CO2 

adsorption in CHA-type zeolites. Several ions exchanged into 

CHA-type zeolites exhibited increased CO2 adsorption capacities 

as shown in Figure S7 and Table S2. Specifically, Zn, Nickel (Ni) 

and Indium (In) ions exchanged into H-CHA7 show CO2 

capacities of 0.17, 0.14 and 0.08 mmol/g, respectively. The CO2 

capacity of Zn-CHA7-0.5 (Figure S8) is increased to 0.28 mmol/g 

by simply washing the materials after ion-exchanged (denoted as 

Zn-CHA7-0.5W). An increased CO2 capacity of 0.51 mmol/g 

(Figure 2b) was resulted for Zn-CHA7-1.9W, and the value is 

larger than that obtained from 13X zeolites. The CO2 capacities 

are a function of the Si/Al ratios of the CHA-type zeolites (Figure 

S9), as more Zn ions can be exchanged into lower Si/Al 

frameworks. Successful synthesis of CHA-type zeolite with 

Si/Al=2 (details in Supporting Information) and then ion 

exchanged to give Zn-CHA2-1.9W2X shows the highest CO2 

capacity of 0.67 mmol/g (Figure 2b). This substantial increase in 

adsorption capacity maybe useful for applications that involve 

multi-bed system with dried inputs to the CO2 capture adsorbents 

(as described above). Zn-CHA zeolites have been reported for 

CO2 adsorption at higher pressure.[43,48] However, a lower 
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adsorption capacity was observed for Zn-CHA compared to its H-

form counterpart.[43] This seemingly contrary result to the data 

obtained here at low concentration of CO2 could be due to 

differences in the preparation of Zn containing zeolites. In order 

to better understand the structural features that provide the high 

adsorption capacity observed in this work, the active sites for CO2 

adsorption were investigated and discussed below. 

Figure 3. Comparison of gas sorption behavior of 13X and Zn-CHA zeolites. a) 

Column breakthrough profiles of 13X and Zn-CHA7-1.9W zeolites for the 

adsorption of dry CO2. b) Temperature programmed desorption profiles of CO2 

and H2O from Zn-CHA7-1.9W and 13X zeolites after saturation with humid CO2 

(relative humidity= 49%). The composition of the CO2 gas for adsorption under 

both dry and humid conditions is ca. 400 ppm CO2/400 ppm Ar (internal 

standard)/ He. Desorption experiments were performed with a ramp rate of 10 

ºC/min to 500 ºC under 5% Ar/He gas stream. 

The Zn-CHA-type materials exhibit faster adsorption kinetics 

than 13X, as illustrated by the sharper breakthrough profile for Zn-

CHA7-1.9W compared to 13X (Figure 3a). This results in a 

smaller difference between breakthrough and saturation 

capacities. Similar results were observed for all Zn-CHA zeolites 

(physicochemical properties in Table S3) studied in this work 

(Figures S10-S11). Furthermore, a lower desorption energy of 

CO2 was observed for Zn-CHA7-1.9W than 13X (Figure S12 and 

Table S4). Fourier-transform infrared (FTIR, Figure S13) spectra 

reveal that CO2 molecules are exclusively physisorbed in Zn-CHA 

zeolites. However, besides physisorbed CO2 molecules, 

chemisorbed, carbonate-like species are observed in 13X 

zeolite.[17,50] Indeed, multicycle experiments (Figure S14) suggest 

that Zn-CHA zeolites show high recyclability (>80%) at 

temperatures as low as 60 ºC under ambient pressure, while low 

recyclability is reported in 13X when the temperature is lower than 

261 ºC due to its high affinity to CO2.[17] Moreover, TGA results 

(Figure S15) show that the Zn-CHA7 zeolite adsorbs less H2O 

(12.51 wt%) than 13X (19.78 wt%) after equilibrating under the 

same humid environments (ca. 20 % relative humidity), 

suggesting the former possesses higher hydrophobicity. Zn-CHA 

zeolite also gives promising performance for 400 ppm CO2 

adsorption under a gas stream with 49% relative humidity. 

Specifically, Zn-CHA7-1.9W exhibits 1.5 times breakthrough CO2 

capacity (0.22 mmol/g) of that for 13X (0.15 mmol/g), while their 

saturation capacities are comparable (0.22 mmol/g). Due to the 

weaker affinity to CO2 (Figures S12-S13) and H2O (Figure S15), 

Zn-CHA7-1.9W shows lower desorption temperature maxima 

(Figure 3b) for both CO2 and H2O than 13X, indicating the 

potential of utilizing the former in a single bed adsorption system 

for certain circumstances. We are currently exploring further the 

competitive behavior of CO2 and H2O with the Zn-CHA materials 

as there are many different adsorption and desorption situations 

that may be applicable to commercial application. 

Adsorption sites in Zn-CHA-type zeolites 

Table 1. Chemical compositions and CO2 capacities of the H-form CHA zeolites 

as well as the representative Zn-CHA7 and Zn-CHA(K)7 samples. 

Samples Zn/Alb 
SiAlOH 

(mmol/g) c 
Zn2+/ 
U.C.d 

Zn(OH)+/ 
U.C.d 

CO2/ 
U.C. 

H-CHA7 0.00 1.26 0.00 0 0.06 

Zn-CHA7-0.002Wa 0.08 1.10 0.21 0.12 0.27 

Zn-CHA7-0.015Wa 0.23 0.82 0.54 0.44 0.55 

Zn-CHA7-0.02Wa 0.29 0.73 0.54 0.67 0.60 

Zn-CHA7-1.9W 0.54 0.33 0.96 1.64 1.21 

Zn-CHA7-0.5W 0.87 0.11 0.36 3.56 0.69 

H-CHA(K)7 0 1.25 0 0 - 

Zn-CHA(K)7-1.9W2X 0.31 0.55 1.19 0.28 0.64 

[a] Ion exchange experiments were performed in Zn2+ aqueous solution with pH 

adjusted to 4.92 by adding 0.1 M HCl aqueous solution. If not labeled, pH was 

uncontrolled for those materials during ion exchanges. [b] Elemental analysis 

was performed using EDS. [c] Concentration of Brønsted acidic protons 

(SiOHAl) calculated from the 1H MAS NMR spectra. [d] Zn2+ or Zn(OH)+ ions per 

unit cell SSZ-13 calculated from the EDS results and SiOHAl density. More 

information can be found in Tables S6 and S8 in Supporting Information. 

 

Figure 4. Speciation of Zn ions in the CHA-type zeolites and the impact on CO2 

adsorption. a) CO2 capacity per unit cell (CO2/U.C.) of Zn-CHA7 samples with 

increasing Zn ion density (Zn/U.C.). Adsorption was performed at 30 ºC with a 

gas mixture of 400 ppm CO2/400 ppm Ar (internal standard)/He. b) The FT-IR 

spectra for the framework T-O-T vibration of Zn-CHA7 materials with various Zn 

ion loading. c) UV-Vis diffuse reflectance spectra of Zn-CHA7 zeolites with 
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various Zn ion loading. d) Correlation of the number of Zn2+ and CO2 per unit 

cell. Dashed lines are interpolations to guide the eye.  

A series of Zn-CHA7 samples were prepared with fixed Al 

composition (Si/Al=7) and Zn/U.C. ranging from 0 to 6.60 (Table 

1 and S5), where Zn/U.C. denotes the number of Zn ions per CHA 

unit cell, i.e., Zn ion density. As shown by the data in Figure 4a, a 

volcano shape profile with three distinct stages was observed. 

CO2 capacity increases at two different rates (stage I and stage 

II) before declining when the Zn ion loading is higher than ca. 2.60 

Zn/U.C. Simultaneously, the adsorption efficiency, i.e., CO2 per 

Zn ion, gradually decreases with the increase of Zn ion loading. 

Nitrogen physisorption results show that the micropore volume of 

parent CHA7 is 0.24 cm3/g, being consistent with previously 

reported values of SSZ-13.[35] The micropore volumes declines 

upon loading of Zn ions, and comparable micropore volumes 

(0.18-0.21 cm3/g, Table S3) are obtained for Zn-CHA7 with Zn ion 

density lower than 6.60/U.C. Thus, the distinct behaviors at the 

three stages, as well as the variations of CO2 capacities, are due 

to the speciation of Zn ions. The environments and states of Zn 

ions were examined to understand the CO2 adsorption behavior. 

As shown in Figure 4b, two new FTIR features are seen at ca. 902 

and 950 cm-1 for the Zn-CHA7 samples in comparison to H-CHA7 

(Zn/U.C.=0). These vibrations are assigned to perturbed T-O-T 

structural vibrations in the vicinity of extra-framework cations 

occupying sites in the 6MRs and 8MRs in the CHA cage, 

respectively.[51–53] The observed locations of Zn ions are 

consistent with the results from the recent single crystal X-ray 

structural analysis of Zn ion exchanged large natural CHA, which 

demonstrates Zn ions sit in the 6MRs (outside of the D6MRs) and 

the CHA cage (near the 8MRs).[54] Notably, only one band at 902 

cm-1 appears for Zn-CHA samples at stage I followed by the 

evolution of an extra band at 950 cm-1 at stage II (Zn/U.C. >1.21). 

These results suggest that the Zn ions are exclusively located in 

the 6MRs at stage I, and that further increase of the Zn ion loading 

results in the addition of Zn ions to the 8MRs. The UV-Vis diffuse 

reflectance (Figure 4c) results show the formation of  Zn-O-Zn 

species solely at stage III with high Zn ion loadings,[55,56] as 

suggested by the appearance of the O2-→Zn2+ ligand-to-metal 

charge transfer transition band at ca. 360 nm.[57] Thus, Zn ions 

are incorporated as Zn2+ and/or Zn(OH)+ ions (Figures S16-21, 

with detailed discussion in Supporting Information) at stages I and 

II, consistent with previous research on copper ion exchange into 

CHA-type zeolites.[58] 

Quantitative analysis of the state of Zn ions (Tables 1 and S6) 

suggests that Zn2+ ions are the predominant species at stage I 

(Zn/Al≤ 0.23) that shows high adsorption efficiency, i.e., CO2/Zn. 

Correlation of the numbers of Zn2+ and CO2/U.C. gives a linear 

relation (Figure 4d) at stages I and II. These results are consistent 

with Zn2+ being the primary adsorption site. Divalent ions (M2+) are 

known to balance the paired anionic sites introduced by the paired 

aluminum (2Al) sites in zeolites. Previous studies show that the 

2Al sites are preferentially located in the 6MRs in the CHA cages, 

for SSZ-13 zeolites that are synthesized using methods similar to 

this work with Na+ as the inorganic mineralizer.[59,60] Co2+ titration 

of the density of the 2Al sites in 6MR (Table S7) shows a Co2+/Al 

of 0.20±0.02 for the CHA7 zeolites, fitting the predicted value from 

the literature.[59] Importantly, the highest value of Zn2+/Al obtained 

in the CHA7 is ca. 0.20, which is in good agreement with the 

Co2+/Al. Therefore, we put forth the model where (see detailed 

discussion in Supporting Information) the Zn2+ ions responsible 

for the adsorption of CO2 are located in the 6MRs in the CHA cage 

(as observed from the single crystal X-ray structural solution[54]). 

Additionally, Zn-O-Zn is likely an extra site for CO2 adsorption, as 

it is the only new species appearing at stage III with CO2/U.C. vs. 

Zn2+/U.C. sitting above (Figure 4d) the linear correlation. 

To assess if Zn2+ ions in the 6MRs are significant for CO2 

adsorption, further study was performed using K+ directed SSZ-

13 zeolites (Si/Al= ca. 7, denoted as CHA(K)7) with 2Al dominated 

in the 8MRs (Figures S22-S28 and Table S8, with detailed 

discussion in Supporting Information).[60] 1H NMR results (Table 

1) show comparable proton densities for the proton form of 

CHA(K)7 (1.25 mmol/g) and CHA7 (1.26 mmol/g). Analysis of the 

residual H+ density (Figure S24) of the Zn-CHA(K)7 zeolites 

indicates that each Zn ion consumes two H+ in the 8MRs. In 

contrast, close to one H+ is replaced by each Zn ion in the 8MRs 

of the Zn-CHA7 counterpart (Figure S19), and the value is two for 

Zn ion loaded to the 6MRs. These results suggest that Zn-

CHA(K)7 zeolites contain Zn2+ primarily in the 8MRs, which allows 

a side-by-side comparison with the Zn-CHA7 materials with Zn2+ 

ions in the 6MRs to examine the significance of the location of 

Zn2+ for CO2 adsorption. Surprisingly, the adsorption results show 

that CO2 capacity remained almost constant when loading Zn2+ 

ions in the 8MRs (Figures S26). Quantification analysis (Table 1 

and S27) shows that locating Zn2+ ions in the 8MRs with 1.19 

Zn2+/U.C. only adsorbs 0.64 CO2/U.C. This is markedly lower than 

the 1.21 CO2/U.C. obtained for Zn-CHA zeolites with 0.96 

Zn2+/U.C. in the 6MRs (Table 1). An adsorption efficiency of 0.65 

CO2/Zn (Table S8) was observed for Zn-CHA(K)7 with Zn(OH)+ 

dominated in the 6MRs, suggesting that a limited fraction of 

Zn(OH)+ species located in the 6MRs are able to adsorb CO2. This 

could be attributed to the heterogeneous nature of the Al sites in 

CHA cages, leading to different environments/energies for the 

same extra-framework species.[27]  However, all of the Zn2+ in the 

6MRs could adsorb CO2 with an efficiency of 1.17 CO2/Zn2+ 

(Figure 4d). This result would lead to the conclusion that the Zn2+ 

ions in the 8MRs are likely inactive or less effective than those 

located at the 6MRs, and thus highlighting the significance of 

locating Zn2+ species in the 6MRs for high CO2 adsorption 

capacity. Collectively, these results show that Zn2+ ions in the 

6MRs are the primary sites for CO2 adsorption. This explains the 

observed positive correlation (Figure 2b) between CO2 capacity 

and Al content in the Zn-CHA7 and Zn-CHA2 zeolites, as the latter 

have more 2Al (Table S1 and Figure S5) in the 6MRs that can 

accommodate more Zn2+.[59] In contrast, Zn-CHA5 (Table S2) 

adsorbs less CO2 than Zn-CHA7 due to the lower number of 2Al 

in CHA5 (Table S1 and Figure S5). Therefore, the Al distribution 

in the framework with maximizing Al located in 6MRs as 2Al sites 

has a critical effect on the enhanced CO2 adsorption performance. 

In order to assist in verifying the significance of 2Al sites as 

well as their locations in zeolites for accommodating Zn2+ ions for 

CO2 adsorption, two groups of zeolites were selected (Figure 5). 

Group I (Figure S29) is small-pore zeolites with framework 

topologies more like the CHA-type. Group II (Figure S30) includes 

the standard low-silica zeolite adsorbents, namely FAU-type 

(13X) and LTA-type (zeolite A). As shown in Figure 5, Zn ion 

exchange in zeolites from group I (AEI, AFX) shows increased 

capacities for CO2 adsorption. This is attributed to the presence 

of abundant 6MRs in these frameworks that can preferentially 

accommodate the divalent ions (Zn2+), as shown in previous 

studies of copper ion exchanged AEI[61] and AFX[62]. For group II,
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Figure 5. Zeolite topology-dependent CO2 adsorption. Groups I is small-pore 

zeolites with framework topologies more like the CHA-type. Group II includes 

the standard low-silica zeolite adsorbents. Adsorption experiments were 

performed at 30 ºC with a gas mixture of 400 ppm CO2/400 ppm Ar (internal 

standard)/He.  

the addition of Zn ions surprisingly prohibits the adsorption of CO2 

in these zeolites. These results are consistent with those from 

higher pressure (>0.66 mbar) adsorption where CO2 capacity 

decreased with the addition of Zn ions into 13X.[30] The significant 

decline in CO2 adsorption is corroborated by the negligible 

absorption in the CO2 vibration region as shown in the FTIR 

spectra (Figures S31 and S32). This observation could be 

attributed to the preferential location of divalent ions inside 

sodalite (SOD) cages or in the center of the  hexagonal prism 

D6MRs in these materials (Figure S30 with detailed discussion) 

that are inaccessible to CO2 molecules.[30,63] These results 

altogether indicate that the framework topology and thus the 

positioning of extra-framework cations dictate their CO2  

adsorption properties. Specifically, the lack of SOD cages and the 

abundance of accessible 6MRs are two crucial factors for CO2 

adsorption in the Zn ion exchanged zeolites. 

Conclusion 

The addition of Zn cations into CHA-type zeolites, e.g., SSZ-

13, produced greatly enhanced performance for adsorbing low 

concentrations of CO2. The Zn ion containing zeolites exhibited 

higher CO2 capacity, faster kinetics, lower desorption energy than 

the standard low-silica 13X zeolites. Control of the state and 

location of Zn ions in the CHA cages was crucial to the high CO2 

adsorption capacity. Zn2+ ions located at the 6MRs of SSZ-13 with 

Si/Al= ca. 7 gave an adsorption capacity of 0.51 mmol CO2/g-

zeolite, a 17-fold increase compared to the parent H-form. 

Lowering the Si/Al to ca. 2 resulted in an increase of capacity to 

0.67 mmol CO2/g-zeolite. Investigating zeolites with different 

topologies further highlights that the position of divalent ions plays 

a significant role in the enhancement of the capacity for CO2 

adsorption. The results presented here suggest that Zn ions 

exchanged CHA and several other small-pore zeolites are 

interesting physisorbents that merit further investigation for the 

capture of CO2 from low concentration environments that may 

include DAC. 
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Low concentration CO2 is adsorbed in zinc containing CHA-type zeolites with a high capacity of 0.67 mmol CO2/g-zeolite. The materials 

exhibit higher CO2 capacity, faster kinetics, lower desorption energy than low-silica 13X zeolites. Zeolite framework and the states and 

locations of zinc ions play crucial roles in the adsorption performance. 
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