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Abstract 

An anion exchangeable resin sorbent originated from amine was used to capture and absorb CO2 from atmospheric air. The sorbent 

is capable to absorb CO2 gas in dry location, though it releases CO2 gas when it is exposed to water vapor or liquid water. The 

isotherm test on absorption provides the evidence that the sorbent can act effectively at the very low concentration of CO2. Its 

capacity of absorption in the form of carbonate ion is 0.86 mol/kg, which is identical to nearing of 21 litter of CO2 gas under 100 kPa 

and 25ºC. Langmuir equation detailed the absorption isotherm better at higher saturation. The kinetic desorption of CO2 spread over 

in a flat polypropylene sheet has been practiced by the well-developed models and experiments. After that, the desorption coefficient, 

kinetic desorption parameters and stimulated energy are estimated with that equation and model. Finally more experiments should be 

developed to find out the exact reaction mechanism on this method with accumulating new information. 

Keywords: Carbon Capture; Moisture Swing; Kinetic Desorption; Thermodynamics. 

Introduction 

Global warming has become one of the most important 

issues as the average temperature of the surface on the 

earth has been increased at a rate of approximate 

temperature of 0.072ºC (0.13ºF) per decade since the 

begun of 20th century (Climate Change, 2011). But this 

issue has been become more serious problem in the 

recent decades as global warming is already at the stage 

of out of control. It has been observed that the rate of 

carbon emission has been increased nearly twice 

nowadays from the past years (from year 1905s to year 

2005s) (Climate change, 2007; Key world En. Sta., 

2010; Ülker, et al., 2018). According to the statement of 

IPCC’s A1F1 circumstance, it is predicted that the global 

surface temperature would increase nearly 4ºC by the 

end of 21st century, if the rate of fossil fuels 

consumption yet dominates the field of total fuel or 

energy consumption all over the world. In recent 

decades, more than 80% of the total energy consumption 

and approximately 90% emission of CO2 have come 

from burning of fossil fuels (Keith et al., 2005). 

Carbon capture and storage (CCS) technologies have 

mainly focused on the capturing of emitted CO2 from 

the large concentrated sources e.g. power plants, 

fertilizer plants etc. According to the estimation of IPPC, 

the industrial and power sectors are mostly responsible 

for nearly 60% of total carbon dioxide emissions and the 

CCS technologies can reduce about 50% of these global 

emissions by the end of year 2050s. A report evaluated 

by IEA (2011) shows that approximately 24 Gt of CO2 

was emitted in 2010, where 12 Gt of that emitted CO2 

gas added to the atmospheric air that might cause the 

increase of the CO2 concentration in the atmosphere by 

1.3ppm (IPCC, 2005; URL 1 and 2, 2011). So, capturing 

the CO2 gas emits from the largest intensive stationary 

sources would be the exact solution to mitigate the 

greenhouse effect on the atmosphere. 

Direct capture of CO2 gas from the atmospheric air was 

first put forward for consideration by a Lackner et al. 

(1999). The feasibility and economic viability of the 

carbon capture technology depend on the cost analysis 

and energy requirement for the process. The technology 

should be implied mostly in the sectors that produce 

CO2 gas from fossil fuel burning and consumption. Then 

that captured CO2 gas can be synthesized greatly and 

efficiently to produce ‘synfuel’ to reuse the carbon as a 

recycled energy fuel (Socolow, et al., 2011; Lackner, 

2009). 

However, Klaus Lackner introduces an air capture 

technology that uses an ion-exchange resin material 

associated with moisture sorbent based on the cycle of 

absorption-desorption process (Lackner, 2009). Here, the 

ion-exchange resin material is combined with moisture 

swing sorbent to increase the capture capability. The 

moisture sorbent would be able to capture and absorb 

CO2 gas from atmospheric air when the process will be 

held under dry circumstance, but the releasing of the 

absorbed CO2 may be held under the higher expose of 

humidity (Zeman, 2009). For this process, the required 

amount of energy may be needed approximately 

50KJ/mol of CO2. The liquid hydrocarbon fuel may 

contain densities nearly 45-50MJ/Kg where they release 

about 3 Kg of CO2 to the air after the fuels get 

combusted. Approximately 3.5MJ of heat energy may be 
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needed to mitigate this amount of CO2 from the ambient 

air. If this is assumed that the conversion efficiency of 

fuel to electricity is about 50%, then 16% of electric 

energy would perform to capture the emitted CO2 

(Lackner, 2009). 

This experiment has shown the performances of resin 

based material as sorbent at the time of a moisture swing 

operation. A possible type of absorption mechanism 

should be applied to signify the behaviour of the CO2 

absorption during the moisture swing cycle by arranging 

a sequence of isothermal equilibrium tests. However, 

some data of kinetic desorption are available. So, some 

tests of the kinetic desorption are accomplished to 

explore the regeneration step. For that, various subsisted 

models would be initiated to describe the nature of 

desorption phase. Not only that, but also some segments 

of the report would ascribe to the water adhesion along 

with resin beads and sheet. 

Experimental Methods: 

Material Preparation 

The resin sheet employed for the experiments was 

incision into a noodle’s shape and preheated in 85o-

90oC DI water for few times. After that the noodle shape 

material was preheated to make the shape with 2mm 

wide, 30cm long and 1mm thick. 

A solution of 1M Na2CO3 was added with the resin 

sample in dry condition to wash it twice in bicarbonate 

form. Then the specimen was again added with the DI 

water to wash the specimen for removing the residue of 

Na2CO3 solution. 

Absorption Equilibrium Measurement: 

The resin specimen was installed in a specimen chamber 

in where the specimen was exposed to the air with no 

flow of CO2. This was held to dry the specimen without 

weighting it. During the time of pump working, the 

process was then shut down. After that, a fixed amount 

of CO2 gas was put in the specimen chamber by using a 

syringe and then the injected gas forced to cycle for 12 

hours so that it could allow the system to move at the 

equilibrium condition. At that time, the amount of 

humidity was measured fixed at 5ppt, which means that 

the relative humidity was then referred approximately 

10% when the atmospheric temperature was in 32ºC. It 

is also to be noted that this process was held under dry 

location at average weather condition. 

Here, the total volume of the entire system was 1.25L as 

the concentration of CO2 grown to 400ppm after 0.5mL 

of it was injected each time. During the equilibrium 

condition, the amount of absorbed CO2 can be estimated 

by: 

𝑞𝑒 =
𝑃𝑎𝑡𝑚×𝑉𝑖𝑛𝑗

𝑅𝑇𝑎𝑚𝑏
−

𝑃𝑉𝑜𝐶

𝑅𝑇
(Eq.11) 

Where, 

Patm = the ambient pressure. 

Vinj = total quantity of injected CO2. 

R = universal constant of gas. 

Tamb = the ambient temperature. 

T = temperature of the system. 

P = pressure of the system. 

Vo = volume of the system. 

C = balance concentration of CO2 calculated by 

IRGA (Infrared Gas Analyzer). 

After considering the average pressure within the outside 

and inside of the system, equation (1) can be more 

simplified to the following term: 

𝑞𝑒 = (
𝑉𝑖𝑛𝑗

𝑇𝑎𝑚𝑏
−  

𝑉𝑜𝐶

𝑇
) (Eq.2) 

Desorption Kinetic Study 

With a presumption, it is considered that the diffusion of 

liquid water and CO2 inward of the system is quiet rapid 

and the rate of the reaction will govern the phase of 

desorption. But this hypothesis might not to be proved 

within the experiment. However, this approach is only 

processed to expedite the conception, justify the 

modelization and implication. The Fig. 1 drawn below 

has represented the experimental system. 

Figure 1: A diagram of the experimental study of 

desorption kinetic system. 

During the process, the noodle’s shape resin sample was 

disclosed to dry air for one day, of which the 

concentrations of CO2 and water were approximately 

440 ppm and 0.7ppt respectively. One more thing that 

the saturation of sorbent was assume unique (θ=1) and 

the sample in bicarbonate form was fully weighted after 

the pretreatment occurred.  

All the apparatus associated with the chamber and tubes, 

were installed in a foam case that had lower level of 

temperature than the water bath had. This condition was 

worked to eliminate the condensation level inside the 

system effectively. Thus, it was confirmed that the 

description phase had the relative humidity of 100%. An 

electric fan placed in the sample the sample chamber that 

was able to create 4m/s of wind velocity. This fan was 

highly enough to go beyond the boundary layer effect. 

This should be noted that the concentration of CO2 was 

impeded by the IRGA in each time. Now, at an 

instantaneous time tn, the quantity of releasing CO2 can 

be estimated by: 

𝑞𝑑 =
𝑃𝑉𝑂𝐶

𝑅𝑇
−

𝑃𝑂𝑉𝑂𝐶𝑂

𝑅𝑇
(Eq.3) 
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Where, PO= initial pressure of the system. 

CO= initial concentration of the system. 

Assuming the pressure a constant term, equation (3) 

becomes: 

𝑞𝑑 =
𝑃𝑂𝑉𝑂

𝑅𝑇
(𝐶 − 𝐶𝑂)  (Eq.4)

Then, the sample’s saturation can be determined by: 

𝜃 = 1 −
𝑞𝑑

𝑞∞
    (Eq.5)

Where, 

q∞= the capacity of the sample. 

This can be measured by determining the capacity of 

sorbent (1kg) and the mass of sample, m. The 

perceptible rate of desorption is defined by a term, dθ/dt. 

This term can be estimated in numerical process by 

deriving the curve of θ with respect to the time. 

Experimental Results and Discussion: 

Absorption Isotherm: 

For a sorbent of CO2, the saturation of it at the 

circumstance of equilibrium is expressed by qe/q∞, in 

where the symbol qe is defined as the quantity of CO2 

that the sorbent can absorb when the condition reaches at 

the equilibrium point and another symbol q∞ is defined 

as the capacity of the sorbent. 

The transformation of classic Langmuir equation may be 

written as: 

1

𝑞𝑒
=

1

𝐾𝑎𝑞∞

1

𝑃𝑒
+

1

𝑞∞
(Eq.6) 

Here, the function 1/qe may be linear with the other 

function of 1/Pe, if the act of conducting of the sorbent is 

followed by Langmuir’s model. 

By plotting a curve of 1/qe versus 1/Pe, a linear 

relationship is acquired along with a correlation 

coefficient value of 0.99. After that, the capacity and 

equilibrium constant of the absorbed CO2, Ka is 

calculated from the slope and intercept of curve. If the 

mass of the selected resin sample can be determined, 

then the absorption capacity of CO2 of 1kg resin may be 

calculated. Actually the mass of the selected resin 

sample is varied notably under several conditions, as the 

resin sheet is significantly sensitive to the moisture and 

liquid water used in the experiment. Incidentally, it 

should be mentioned that the reference measurement is 

chosen arbitrarily from the mass of the resin sample 

when it must expose in dry air for 12 hours at the 

concentrations of CO2 and water nearly by 440ppm and 

0.7ppt respectively. 

Table 1: Absorption representation at 25ºC 

Q(mol CO2/kg) Ka(1/Pa) Correlation Coefficient 

0.86 4.18 0.99 

Figure 2: Absorption isotherm plotted by Langmuir model. 

It has been shown clearly in Fig. 2 that at high 

saturation, the absorption isotherm can be described well 

by Langmuir model. Here, the data are found in limited 

range is very near to the fully saturation point (θ=1), as 

the concentration of CO2 is obtained without any 

certainty below the value of 10ppm. The Table 1 gives 

the summarization of CO2 capacity and equilibrium 

constant that are measured from the curve of Langmuir 

equation. As initiated from the carbonate shape with 1kg 

of material, the CO2 absorption is associated with some 

functional groups of 1.72 mol of the exchangeable ion. 

This result is differentiated from previous examined 

Talapatra / IJEGEO 6(2): 186-191 (2019) 
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results done by Wang et al. (2011) (1.78 for the 

hydroxide form and 1.9 mol/kg of anion density of 

material for carbonate form). Though there is an existed 

range of experimental error, still the functional groups 

have huge potentiality to absorb a large amount of CO2. 

The equilibrium constant provided from the curve by 

Langmuir model is essential to portend the function of 

material at equilibrium positions. The curve further 

exhibits that the very high saturation of sorbent over 0.99 

is found when the concentration of ambient CO2 remains 

at 5.0ppt. Not only that, but also the sorbent is highly 

capable to attain high saturation over 0.95, if there 

remains low concentration of CO2 of 50ppm at 5Pa. This 

indicates that CO2 from atmospheric air is bounded 

strongly enough by the anion exchange resin of 

quaternary ammonia. 

Desorption Kinetic Study 

The same sample was exercised for this desorption 

kinetic study that was previously used for measurement 

of the absorption isotherm study. So, its capacity 

measured before was, q∞= 7.00 × 10-4mol. 

When the sorbent simply initiated for liberating, then the 

rate of desorption can be estimated by deriving 

saturation curve of θ versus time in numerically. Former 

investigations display that the performance of sorbent at 

equilibrium condition can be interpreted significantly by 

Langmuir equation using some parameters of higher 

correlation. Still we imply this model to explore out the 

performance of sorbent in kinetic way in desorption 

phase. The rate of reaction at this phase can be expressed 

by the equation written in below: 

𝑑𝜃

𝑑𝑡
= 𝐾𝑎(1 − 𝜃)𝑃 − 𝐾𝑎𝜃 (Eq.7) 

Where, the two terms express the absorption rate and 

desorption rate respectively. It is considered that the 

second term governs the reaction rate at the starting of 

desorption phase. In this manner, the equation (7) would 

be more simplified into the following form: 

𝑑𝜃

𝑑𝑡
= −𝐾𝑑𝜃 (Eq.8) 

The solution of the above mentioned homogenous 

differential equation of first order can be expressed 

resolved simply by the given form:  

𝜃 = 𝐴𝑒−𝐾𝑑𝑡  (Eq.9) 

Where, 

A = a constant obtained from boundary 

condition. 

The performance of sample may be noted at the very 

executing times when it was entirely saturated to begin 

the releasing of CO2. The reason behind this case was to 

take almost 10 seconds to complete the initial operations 

by the sample, such as before initiating the logging of 

right data, conduction of the resin into the chamber and 

switching on the electric fan. Now the constant A is 

remained and transfigured into the equation (10) as: 

ln 𝜃 =  −𝐾𝑑𝑡 +  ln 𝐴 (Eq.10) 

By plotting the graph of lnθ versus time from three 

various temperatures, straight lines can be found from 

the first minute of desorption phase with meeting the 

desired correlation coefficients. Then, the obtained 

slopes from the straight lines are used for determining 

the desorption constant, Kd. The obtained results are 

charted out in Table 2. 

Table 2: Values of desorption constant under three various temperatures 

Temperature (⁰C) Kd(×10-3s-1) Correlation coefficient 

25 0.71 0.97 

35 1.45 0.98 

46 2.27 0.99 

Table 3: Values of desorption kinetic parameters 

KO Ea(KJ/mol) Correlation coefficient 

2.55×105 48.8 0.98 

It is shown from the Table 2 that the increasing 

temperature can efficiently indulge the rate of 

desorption. Following the Arrhenius equation, the 

desorption rate constants resulted from the three various 

temperatures are expressed as: 

𝐾𝑑 =  𝐾𝑂𝑒−𝐸𝑎/𝑅𝑇 (Eq.11) 

Where, 

Ea= stimulated energy of reaction. 

KO= a factor of pre-exponential function. 

Again, the transformation of Arrhenius equation can be 

expressed as: 

ln 𝐾𝑑 =  ln 𝐾𝑂 − 𝐸𝑎/𝑅𝑇  (Eq.12)

After arranging the graph of lnKd versus time, the value 

of Ea and KO are calculated from the slope and 

intercept. Then the values are charted out in Table 3. 

The kinetic desorption parameters are performed to 

support for predicting the rate constant values in a low 

temperature range that would be adequate for the current 

exercise of this material. The stimulated energy, Ea 

express the minimum required energy for initiating the 

reaction, in other words, the maximum barrier it has to 

overcome. The measured variation of the description 

enthalpy has been calculated by Wang, T et al. is 

∆Ho=31.80 KJ/mol (Wang et al. 2011). This value is 

almost fitting with the value of Ea. The rate of 

desorption from the reaction can be accelerated and the 

Talapatra / IJEGEO 6(2): 186-191 (2019) 
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stimulated energy can be decreased by the further 

development on the material itself. 

In a confined system, the saturation of the sorbent, θ is 

related with the partial pressure of CO2. Then the partial 

CO2 pressure can be defined as a function of θ by the 

given form in below: 

𝑃 =  
𝑞∞(1−𝜃)𝑅𝑇

𝑉𝑂
+ 𝐶𝑂𝑃𝑂 (Eq.13) 

Where, 

COPO = initial partial pressure of CO2 within 

the system. 

This also can be transfigured into the form
𝑛𝑜𝑅𝑇

𝑉𝑂
, 

Where, no= preliminary number of CO2 moles into the 

chamber. 

Then, again the equation (7) can be written as: 

𝑑𝜃

𝑑𝑡
=  

𝑞∞𝑅𝑇𝐾𝑎

𝑉𝑂
(1 − 𝜃)2 + (

𝑛𝑂𝑅𝑇𝐾𝑎

𝑉𝑂
+ 𝐾𝑑) (1 − 𝜃) − 𝐾𝑑

(Eq.14) 

One can gain a curve of dθ/dt versus time by deriving the 

empirical curve of θ versus time in numerically. Now, 

the value of dθ/dt can be measured form the equation 

(14), as the value of Kd has been calculated previously. 

Here, the absorption rate constant, Ka is the only 

parameter that is unknown and can be determined from 

the empirical curve of dθ/dt in a certain range. However, 

the calculation of the exact value of Ka is not so much 

accurate, because of the inaccurate variation of the 

numerical derivation. All the results of Ka, calculated 

from the experimental data of Wang, T et al. are charted 

out in Table 4. 

Though it is hard to calculate the values of Ka accurately, 

the order of value is static at 10-6 Pa-1. More experiments 

are anticipated to express further knowledge about the 

performance of the sorbent desorption phase. 

Conclusion 

In briefly, capturing of CO2 gas from the atmospheric air 

was employed by an amine-based exchangeable anion of 

resin. The sorbent is capable to release CO2 gas, when it 

is exposed to water vapor or liquid water, though it 

absorbs CO2 gas in dry condition. The isotherm test on 

absorption provides the evidence that the sorbent can act 

effectively at the very low concentration of CO2. Its 

capacity of absorption in the form of carbonate ion is 

0.86 mol/kg that is identical to nearing of 21 liter of CO2 

under 100 kPa and 25⁰C. Langmuir equation detailed the 

absorption isotherm better at higher saturation. 

The kinetic desorption of CO2 spread over in a flat 

polypropylene sheet has been practiced by the well-

developed models and experiments (Stolaroff et al. 

2008). That’s why, the boundary layers are made thin 

adequate to avoid the limitations on the transport. After 

that, the desorption coefficient, kinetic desorption 

parameters and stimulated energy are estimated with that 

equation and model. 

Finally more experiments should be developed to find 

out the exact reaction mechanism on this method with 

accumulating new information. Not only that, but also 

the some development on the materials would be 

expected. 

Table 4: Calculated results of Ka in desorption phase 

Temperature (⁰C) Ka from the plot of dθ/dt 

          (×10-6 Pa-1s-1) 

      Ka from Wang, T et al. 

     (×10-6Pa-1s-1) 

25 5.4 2.8 

35 6.5 3.79 

46 9.1 4.21 
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