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Abstract: 

In this work, the performance of ion exchange resins as amine functionalised CO2 adsorbents is evaluated. 

These resins are D201 and D202 of Jiangsu Suqing Water Treatment Engineering Group Co.,Ltd, Purolite A109, 

A830 and Lewatit VPOC1065. A109 and VPOC1065 show higher CO2 adsorption performance than D201, D202 

and A830. VPOC1065 and A109 are functionalised with primary amines on a polymeric support of styrene 

cross-linked with divinylbenzene. Their capture capacity is examined at different temperatures, ranging from 

25 to 80
o
C, and different CO2/N2 ratios (0.02 to 0.98) in a dry gas mixture, using thermogravimetric analysis. 

VPOC1065 and A109 show a capacity of 1.75 and 1.12 mmol/g at 25
o
C and 98% CO2/N2, respectively. Complete 

regeneration at 105
o
C can be achieved for both resins and they exhibit fast adsorption and desorption kinetics. 

Cyclic adsorption-desorption tests are also performed and VPOC1065 shows excellent stability in 275 cycles. 

Hence, VPOC1065 and A109 ion exchange resins proved to be promising candidates for CO2 adsorption.  

Key Words: CO2, Adsorption, Cyclic stability, Amine, Polymer, Ion exchange resin 

1. Introduction: 

The main source of energy for the coming decades seems to be fossil fuels [1]. Fossil fuels emit CO2 in the 

atmosphere, which contributes to the greenhouse effect and climate change. For sustainable use of fossil 

fuels, CO2 emission management is of vital importance. Fossil fuel-fired power plants are one of the major 

sources of CO2 emissions [2]. The separation of CO2 from other gases has been clearly conducted for a few 

decades in the natural gas industry as usually reservoirs contains some amounts of CO2 [3]. Commercial CO2 

capture processes are based on using alkanolamine solvents such as monoethanolamine (MEA) but the main 

drawbacks of these liquid amine-based processes are their high regeneration energy, solvent degradation, 

equipment corrosion and scale up problems [4]. 

Porous solid adsorbents with low heat capacities represent an interesting alternative to amine aqueous 

systems for CO2 capture, due to their higher gas phase mass diffusion into the porous support and elimination 

of corrosion of process equipment. However, CO2 adsorption by porous solid adsorbents still needs more 

work, which is mainly focused on optimizing adsorption performance by developing appropriate materials 

[5,6].  Most widely used porous solid materials are silica, alumina, zeolite, carbon and more recently polymeric 

and MOF materials. The amine groups can be immobilised on porous support solids in favour of chemisorption 

that enhances capacity and selectivity in comparison with physisorption [7,8]. For adsorbents to be 

competitive with aqueous amine solutions, a stable capacity of about 3 mmol CO2/g ads is desirable in flue gas 



  

conditions [9]. Many works have been done on CO2 adsorption but more research is needed in order to 

develop solid adsorbents with optimum performance for CO2 adsorption [6, 9- 11]. 

Impregnation techniques have been widely used to functionalise porous support materials. Although the 

impregnation technique increases adsorption capacity due to high level of amine loading but, possible amine 

leaching into the gas phase reduces cyclic adsorption-desorption stability [12-15]. To overcome amine leaching 

(amine evaporation) it is possible to immobilise the amine by covalent bonding with the porous solid support 

[16]. But the amine loading is limited to the functional groups in the support [10, 17-21].  

Porous polymeric materials have been used as porous solid support for functionalization with amines. 

Impregnation method was used in a number of works for amine functionalisation of polymethylmethacrylate 

(PMMA) as porous polymer support [22-26]. More works have been done with porous polymers with N 

functionality for CO2 capture as support materials [27-34]. Chitsiga et al [35] applied poly-succinimide (PSI) as 

support and covalent bonding using grafting technique with water-soluble amines to study CO2 capture. 

A class of polymeric materials that are generally used for water treatment are ion exchange resins (IERs). They 

are crosslinked polymers normally based on acrylic or styrene monomers. These polymers are functionalised 

with amines as anion exchanger in water treatment. For water treatment, they are mainly functionalised with 

quaternary amines to preserve exchange capacity in a wide range of pH. Other amines are used for some 

special purpose cases. The macroporous anion exchangers can be regarded as potential candidates for CO2 

capture as amine functionalised adsorbents. A few studies have been done on IERs using Lewatit VPOC1065 

that is functionalized with primary amine. Alesi and kitchin [16] evaluated the CO2 capture capacity of 

commercial Lewatit VPOC1065 anion exchange resins. They reported a CO2 capture capacity of 2.5 mmolCO2/g 

ads at 50
o
C and dry gas conditions for 100% CO2 using Cahn TG-131 thermogravimetric analyzer (TGA). By 

exposing the resin to a dry gas mixture of 10% CO2 in N2, the adsorption capacity is about 1.55 mmolCO2/g ads
 

in a fixed bed reactor. Eighteen cycles of temperature swing regeneration were done with 10% CO2 in N2 gas 

mixture and adsorption temperature of 50
o
C and desorption of 120

o
C. They observed no apparent reduction in 

adsorption capacity. These resins shipped wet containing about 50% water. The resin was dried at 110
o
C for 3 

hr in N2 to remove moisture before performing adsorption experiments. Veneman et al. [36] also examined 

the Lewatit VPOC1065 materials for post combustion CO2 capture. The highest CO2 capture measured was 2.8 

mmol CO2/g ads at 30
o
C, 70 kpa pressure in 80 vol% of CO2 gas mixture, dry condition using NETSZCH STA 449 

F1 Jupiter thermal gravimetric analyzer (TGA). By increasing the temperature, capture capacity decreased. 

They examined the H2O uptake in humid gas conditions. Their results showed the CO2 uptake is not affected by 

the co-adsorption of H2O. The sample was heated up to 80
o
C in N2 to desorb any pre-adsorbed CO2 and 

moisture. Hallenbeck et al. [37] investigated the stability of VPOC1065 in the presence of O2 and SO2. The 

degradation against O2 was examined by 17 cycles of adsorption/desorption via a thermal swing between 50 

and 127
o
C and using a test gas of 12 vol % CO2, 4% O2, 84% N2 in a fixed bed reactor. A stable cyclic adsorption-

desorption capacity of about 1.27 mmol CO2/g ads was reported.  A test gas of 12.5 vol % CO2, 4% O2, 431 ppm 

SO2, and balance N2 was used to evaluate the stability against SO2 over the same number of cycles. After 12 



  

cycles the capture capacity linearly reduces to about 0.2 mmol CO2/g ads (from the average of 1.27 mmol 

CO2/g ads). 

In this work a few available anion exchange resins are examined to evaluate existing commercial resins.  These 

resins are developed for water treatment and therefore not necessarily optimized for CO2 capture. Lewatit 

VPOC1065 and Purolite A109 are both functionalised with primary amines. Most ion exchange resins are 

functionalised with quaternary amines for water treatment. D201 and D202 of Jiangsu Suqing Water 

Treatment Engineering Group Co.,Ltd A830 are also evaluated for CO2 adsorption using a dry gas mixture of 

CO2 in N2. D201 and D202 are functionalised with quaternary amine and A830 with complex amine based on 

the manufacturer data sheet. The study is focused on A109 and VPOC 1065. The resins were dried in a tube 

directly from wet under N2 and 110
o
C for 50 hr to be sure that there is no moisture in the core of the beads. 

Another issue with these resins is their shrinkage in the absence of moisture [16]. Since our experiments are 

performed in dry conditions, 50 hr of drying was used to be sure about structural stability and no extra 

shrinkage in the course of experiments particularly cyclic adsorption-desorption tests.  CO2 adsorption in a 

temperature range of 25-80°C and CO2/N2 ratio of 0.02-0.98 is investigated. Different desorption temperatures 

under pure N2 were studied to evaluate complete desorption.  Cyclic adsorption-desorption tests to study the 

stability and duration of the adsorbents are performed.  

2. Methodology 

2.1. Resin samples 

Five different commercial macroporous ion exchange resins are evaluated in this work including D201 and 

D202 of Jiangsu Suqing Water Treatment Engineering Group Co. Ltd., Purolite A109 and A830 and Lewatit 

VPOC1065. A summary of manufacturer data is shown in Table 1.  

Table1. Manufacturer data on the commercial ion exchange resins used in this work 

Ion exchange resins Amine group Ion exchange capacity Particle size 

mm 

moisture Support materials 

VPOC 1065 Primary amine 2.2 eq/lit 0.315-1.25 65-70% Polystyrene-divinylbenzene 

A109 Primary amine 1eq/lit 0.425-1 58-65% Polystyrene-divinylbenzene 

D201 quaternary 

amine 

0.95-1.2 mmol/ml (3.7 

mmol/g) 

0.315 -1.25 50-60% Polystyrene-divinylbenzene 

D202 quaternary 

amine 

3.6 mmol/g 0.315-1.25 47-57% Polystyrene-divinylbenzene 

A830 complex amine 2.75 eq/lit 0.3-1.2 50-56% polyacrilic-Divinylbenzene 

 

For Lewatite VPOC1065 textural properties are reported by manufacturer as: BET surface area of 50m
2
/g, pore 

volume of 0.27cm
3
/g and pore size of 25nm. For other samples manufacturer has not provided any textural 

data. The chemical formula of amine groups are not reported by manufacturer.   

2.2 Samples Characterization: 



  

A Micromeritics Gemini VII 2390 Surface Area Analyser is used to measure surface area and pore volume, and 

the results are shown in Table 2.  For BET surface area, a low-pressure region of 13 points from 0.01 to 0.25 

relative pressures is used. One point pore volume at a relative pressure of 0.984 is reported in Table 2.  

Table2. Textural properties of the samples after 50 hr drying at 110
o
C under N2 

Ion exchange resins BET surface area m
2
/g Pore volume cm

3
/g 

VPOC1065 24.5811  0.202653 

A109 25.5314 0.033331 

D201 9.0443 0.015320 

D202 7.1163 0.013251 

A830 4.4135 0.009138 

 

 

FTIR experiment is performed using PerkinElmer instrument. CHN elemental analysis is done using CEC-440 

Elemental Analyser. 

Table3. CHN elemental analysis of samples A109 and VPOC1065 

 C% H% N% 

VPOC1065 80.85 7.91 8.86 

A109 81.28 7.37 6.13 

 

Table 3 shows CHN elemental analysis. The instrument is a CEC-440 Elemental Analyzer. The carrier gas is CP 

grade helium, the sample is weighed (~1.7 mg) into a tin capsule and sealed. Followed by combustion for 60 

seconds with oxygen at 975
o
C, the resultant gases are converted to CO2, H2O and N2 via series of chemicals and 

detected by a thermal conductivity detector. The support for VPOC1065 and A109 is polystyrene-

divinylbenzene that the divinylbenzene content is not necessarily same. C and H content are reasonably similar 

but N content of A109 is clearly lower than VPOC1065 that shows lower amine loading. CHN elemental analysis 

is just performed for A109 and VPOC1065 as the current work focuses on these two samples.  

The CO2 capture performance of IERs is determined by using thermal gravimetric analyser (TGA) (TA 

instruments Q500). The sample is first heated up to 120
o
C for 30 min for desorption of H2O traces and other 

possible adsorbed molecules. Then the temperature is reduced to adsorption temperature and after 

equilibration, CO2 is then introduced at the selected concentration in the gas mixture to measure CO2 

adsorption capacity of the resin samples. In the cyclic adsorption-desorption tests, first adsorption of CO2 

performs for 20 min under 10% CO2/N2 at 50°C which is followed by desorption under N2 at 105
o
C for 10min. 

All experiments are performed at a total flow rate of 50mL/min for dry gas mixture. 

 

 



  

3. Results and discussions 

In this work, the CO2 capture capacity of the resin samples is studied from 25 to 80
o
C and five different CO2/N2 

ratios (from 0.02 to 0.98), as well as their adsorption and desorption rates and cyclic adsorption-desorption 

stability by using the thermal gravimetric analyser (TGA). 

Drying of the samples has strong effect on textural properties and capture capacity. As Table 1 shows, they are 

shipped wet and drying is needed prior to experiments. These ion exchange resins swell in water. Alesi and 

Kitchin [16] have also shown that drying reduces the surface area and particularly pore volume. Table 4 shows 

the effect of drying time span on textural properties of VPOC1065 and A109. In this work, all samples are dried 

for 50 hr at 110
o
C under N2 in tube with L/D=10 directly from wet to remove all water content. Alesi and 

Kitchin [16] worked in humid gas conditions and dried the resins for 3 hr at 110
o
C under N2. As it can be seen 

from Table 4, the changes in surface area are minor for VPOC1065 while for A109 there is a considerable 

reduction when drying increases to 50 hr. For both samples, pore volume reduces about 50% as drying time 

increases from 4 to 96hrs. The reason for reduction in the surface area and pore volume can be referred to 

support polymeric structure. This is also pointed out by Alesi and Kitchin [16].  The three dimensional cross 

linked polymeric support shows shrinkage as it gets dried. A109 shows more shrinkage than VPOC1065 

possibly because of less crosslinking density of A109 (possibly less divinylbenzene is applied as cross-linker). 

The shrinkage of the support has been mentioned by Alesi and Kitchin [16]. They have mentioned that 

extensive drying of the resin shrinks the resin and reducing the capacity. Since this work is done under dry 

conditions therefore, extensive drying to reach stability is applied although the capacity is reduced.  

Table4. Effect of drying time on textural properties of VPOC1065 and A109 at 110
o
C under N2 

 Drying time span hrs BET surface area m
2
/g Pore volume cm

3
/g 

VPOC1065 4 25.1646 0.218269 

VPOC1065 50 24.5811 0.202653 

VPOC1065 96 22.6692 0.120896 

A109 4 45.6556 0.057581 

A109 50 25.5314 0.033331 

A109 96 26.5231 0.025725 

 

3.1 CO2 Capture capacity  

Fig. 1 shows the TGA results for five available commercial grade ion exchange resins. Due to quaternary amine 

groups, D201 and D202 show lower CO2 adsorption capacity together with low rate of adsorption. Table 2 

shows that the surface area and pore volume of D201, D202 and A830 are lower than VPOC1065 and A109 

that can be regarded as the reason for lower CO2 capture capacity and slow rate of adsorption. 



  

CO2 capture capacity for A109 and VPOC1065 are examined at different temperatures (25, 35, 50, 65 and 80
o
C) 

and CO2/N2 rations (0.02, 0.1, 0.4, 0.7 and 0.98, see Fig. 2a and 2b) to study CO2 capture performance. Figs. 2a 

and 2b indicate that the capture capacity of VPOC1065 is much higher than the A109. The higher capture 

capacity of VPOC1065 can be explained by higher amine loading as indicated in Table 3 and higher pore 

volume of VPOC1065 as reported in Table 2. Beside it, although both resins are functionalised with primary 

amine groups but they are not necessarily same amine molecules and this difference can be responsible for 

lower capture capacity of A109.   As Table 1 shows, the ion exchange capacity of VPOC1065 is 2.2 times higher 

than that for A109 but CO2 capture capacity for VPOC1065 at 25
o
C and 98% CO2 is 1.7 times higher than that 

for A109. This shows that all available amine sites for ion exchange in water are not accessible for CO2. The 

gaseous CO2 has access to the surface amine groups while in water treatment, the diffusion of water in the 

bulk of swelled polymer make the bulk amine groups accessible, providing higher capacity than for CO2 

adsorption. 

As Figs. 2a and 2b show, by increasing the temperature, capture capacity decreases at all CO2/N2 ratios. This 

observation is in agreement with what is usually expected for simple amine molecules that shows no diffusion 

resistance [21,38]. As the CO2 adsorption is exothermic therefore, by increasing the temperature desorption 

favours although the diffusion of CO2 increases by increasing temperature [38]. By increasing the CO2 

concentration in feed gas, the capacity increases accordingly for both VPOC1065 and A109. Therefore in this 

work, it is assumed that the system is not diffusion (kinetic) controlled and heat of adsorption reduces the 

capacity by increasing the temperature, which means that the system is thermodynamic controlled [21].  

There is a meaningful difference in the reduction and increase of capacities of A109 and VPOC1065. Fig. 2a 

shows that by increasing the temperature from 25 to 80
o
C under 0.98 CO2/N2, VPOC1065 capacity reduces 

from 1.748 to 1.198 mmol CO2/g ads, i.e. 31.46% reduction. For A109 the capacity reduces from 1.123 to 0.373 

mmol CO2/g ads (66.76% reduction), i.e., about twice more than VPOC1065. This shows that the bonding 

between CO2 and amine functional groups in VPOC1065 is stronger than that in A109. When the CO2 

concentration is reduced from 0.98 to 0.02, VPOC1065 shows less reduction in capture capacity. This can be 

related to higher amine loading and therefore more accessible benzyl-amine active sites in VPOC1065 and 

partly it can be seen as a reason for stronger interaction between CO2 and amine group in VPOC1065.  

Theoretical capacity of VPOC1065 can be calculated using the molecular weight of the free base resin. If we 

suppose that 10% cross linker (divinylbenzene) has been used in the resin that cannot bond with amine group 

then a maximum of 6.75  mmol N/g ads can be loaded. Alesi and Kitchin [16] has also calculated this 

theoretical capacity.  In dry gas mixture each two N bond with one CO2 molecule and therefore maximum 

capacity would be 3.375 mmol CO2/g ads.  

The capture capacity of amine-functionalised adsorbents strongly depends on the functionalization method. 

With impregnation as the amine loading is higher, the capture capacity is higher too. For example TEPA 

(Tetraethylenepentamine) impregnated MCM41 shows a capacity of 5.45 mmol CO2/g ads at 75
o
C under pure 

CO2 [39] and APS (aminopropylsilane) grafted MCM41 shows a capacity of 0.64 mmol CO2/g ads at 50
o
C under 



  

pure CO2 [38]. The statistics show that samples with grafting usually produce a capacity of less than 2 mmol 

CO2/g ads [40, 41, 42]. The reason is limited silanol groups in silica materials. Here for ion exchange resins also 

there is limited amount of benzene molecules to form benzyl-amine active sites. In the case of ion exchange 

resins, as it was discussed, seems more amine loading with respect to theoretical capacity is possible.  

 

3.2 CO2 adsorption dynamic  

The rate of CO2 adsorption graphs is obtained from CO2 adsorption data using TGA. As Figs. 3 and 4 show, by 

increasing the temperature and decreasing the CO2 concentration in the feed gas mixture, the rate of 

adsorption decreases for VPOC1065 and A109. VPOC1065 shows higher adsorption rate than A109, possibly 

due to more amine loading and therefore, higher density of benzyl-amine active sites. When the adsorption 

temperature is increased at a fix CO2 concentration, the maximum rate of adsorption is observed at same 

moment (see Figs, 4a and 4b). However, by decreasing the CO2 concentration from 0.98 to 0.02 CO2/N2 at a fix 

temperature, the maximum adsorption rate is observed later accordingly (see Figs 3a and 3b). This is possibly a 

reason for lower diffusion rate of CO2 inside the porous body of adsorbent when the CO2 concentration 

decreases in the gas mixture of CO2 in N2. 

Meth et al [43] have reported three different regions in CO2 adsorption, namely, initial, intermediate and final 

adsorption regions. High adsorption rate corresponds to the initial adsorption region, which is followed by a 

transition region known as intermediate, and finally the flat region with low to zero adsorption rate, which is 

referred to final adsorption region. Here, with respect to adsorption rate graphs in Figs. 3 and 4 at initial 

region, a sharp rise can be seen in adsorption rate in the first few minutes, then the adsorption rate decreases 

and finally there is a flat zone in which we have no or low CO2 adsorption. To quantify the dynamic behaviour 

of CO2 adsorption, the 2
nd

 derivative of CO2 adsorption data, i.e., CO2 adsorption acceleration is shown in Figs. 

5a and 5b. These curves are shown at 98% CO2/N2 and at 25 and 80
o
C for both VPOC1065 and A109. By using 

this plot, three regions can be clearly distinguished based on CO2 adsorption acceleration. The first region of 

high adsorption rate shows a positive peak, the transition region shows a negative peak and the third region is 

a flat curve with zero acceleration (it does not mean zero adsorption). At 25
o
C VPOC1065 shows a peak of 

about 2.5 while for A109 it is less than mmol CO2/g ads.min
2
. The 2

nd
 peak shows about -1.1 mmol CO2/g 

ads.min
2
 for both samples and then after less than 3 minutes it is zero that shows a constant rate of 

adsorption. Hence, both samples have a similar dynamic behaviour in the transition zone, which seems mainly 

to be a shift from chemisorption to physisorption. In other words, the rate of adsorption for VPOC1065 and 

A109 reduces with same dynamic in transition zone. In the first region chemisorption is dominant with high 

rate of adsorption and positive CO2 adsorption acceleration. The 2
nd

 region can be interpreted as a transition 

zone between chemisorption and physisorption mechanisms, with negative CO2 adsorption acceleration. In the 

third region, CO2 molecules have mostly occupied the amine active sites and therefore physisorption is 

dominant, rate of adsorption is low and constant and CO2 adsorption acceleration is zero.  

 



  

3.3 Desorption conditions  

CO2 desorption conditions are very important in determining the required energy consumption for 

regeneration of adsorbent. Energy consumption is an important issue for a commercial CO2 adsorbent. Here 

for CO2 desorption temperature swing (TSA) is applied using pure N2. Desorption at relatively low temperature 

with fast desorption rate is desirable. Before running the cyclic adsorption-desorption experiments, the 

desorption temperature under pure N2 were determined.  Figs. 6a and 6b show the results for desorption of 

VPOC1065 and A109. Three different desorption temperatures 90, 105 and 120
o
C were evaluated. As Figs. 6a 

and 6b   show, desorption at 105
o
C is quite similar to 120°C that shows complete desorption and therefore 

desorption were performed at 105
o
C. A109 shows complete and similar desorption at all three desorption 

temperatures. As Fig. 6a shows, at 90
o
C CO2 desorption for VPOC1065 is slower in comparison with two other 

desorption temperatures. It shows that the bonding between amine group and CO2 in A109 is weaker than 

VPOC1065. This was seen earlier in section 3.1 when by increasing the temperature, VPOC1065 showed less 

reduction in capture capacity.  

 

3.4 Cyclic adsorption-desorption tests 

Cyclic adsorption-desorption tests were performed for both samples of A109 and VPOC1065. Cyclic stability 

and durability is an important practical parameter to make an adsorbent applicable.  Figs. 7a and 7b show the 

results for cyclic adsorption-desorption tests. The desorption temperature and time is selected based on 

desorption tests mentioned in section 3.3 (see also Figs. 6a and 6b).  This adsorption-desorption cycles were 

performed for both samples of VPOC1065 and A109. While after 40 cycles VPOC1065 shows just about 1.42% 

reduction in capacity, A109 shows about 11.24%. In a test of 275 adsorption-desorption cycles, VOPC1065 

shows just 4.84 % reduction in capacity. As Fig 6b illustrates, A109 shows complete desorption at 90 similar to 

105 and 120
o
C. Cyclic stability at desorption temperature of 90

o
C is shown in Fig. 7c for A109 but there is still 

10.65% reduction in capture capacity. 15
o
C reduction in desorption temperature did not improve the stability 

of A109.  

To study the reason for CO2 capture capacity reduction, FTIR test was performed.  It is generally accepted that 

the reason for reduction in capacity during cyclic adsorption-desorption tests is urea formation [e.g. 10, 16, 36, 

44]. The comparison between fresh VPOC1065 and A109 and the sample after cyclic tests are shown in Figs. 8a 

and 8b. The IR spectrum of both samples is reasonably similar as they are based on polystyrene divinylbenzene 

porous support. Both samples show considerable similarity with polystyrene FTIR spectrum.  

For VPOC1065, bands at 698.36, 757.75, 817.14 cm
-1

 show C-H aromatic bending, 1377.6 and 1456.6 cm
-1

 

show CH2 bending, 1570.6 cm
-1

 show C=C aromatic ring bending. Alkyl C-H Stretching bands show at 2851.12 

and 2918 cm
-1

, 3029.4 cm
-1

 show C-H aromatic ring stretch and N-H amine stretching band shows at 3363.4 

cm
-1

.  



  

About formation of carbamate or bicarbonate, Alesi and Kitchin [16] stated that NCOO
-
 skeletal vibrations 

show at 1320, 1431, and 1482 cm
−1

 and NCOO
- 
stretching band show at 1565cm

-1
. Seems after desorption at 

105
o
C carbamate and bicarbonates are desorbed. For both A109 and VPOC1065 there is no considerable 

change between fresh samples and samples after adsorption-desorption cycles.  There is stronger peak at 

about 2918 cm
-1

 for VPOC1065 that based on the work of sayari and Belmabkhout [10] belongs to urea 

formation. 

A109 has a support similar to VPOC1065. Peaks in the region of 860 - 680 cm
-1

 generally show Aromatic C-H 

Bending. CH2 bending of alkane shows at 1370.2 and 1450.8 cm
-1

. Bands 1509.5 to 1681.8 cm
-1

 indicate 

Aromatic C=C Bending. Alkyl C-H Stretch bands show at 2854.6 and 2920.6 cm
-1

. 3023.2 cm
-1

 belong to C-H 

aromatic ring stretch.  There is stronger peak at about 2920.6 cm
-1

 that based on the work of sayari and 

Belmabkhout [10] belong to urea formation. 

Both A109 and VPOC1065 show stronger adsorption at about 2920 cm
-1

 belong to urea formation. Urea is not 

removed by desorption in dry conditions. It seems that A109 shows stronger peak at 2920 cm
-1

 than 

VPOPC1065 indicating more urea formation and may be related to more capacity reduction of A109 in cyclic 

adsorption-desorption tests.  

 

 Conclusion 

Five different ion exchange resins were studied in this work namely D201, D202, A830, A109 and VPOC1065. 

The adsorption performance of Purolite A109 and Lewatit VPOPC1065, which are functionalised with primary 

amines, were further investigated at different adsorption temperatures and CO2/N2 ratios. VPOC1065 shows 

higher adsorption capacity than A109 at all conditions due to the higher amine loading for VPOC1065 based on 

the manufacturer data sheet and CHN elemental analysis and possibly because of a different amine group.  

Three different zones of CO2 adsorption were distinguished by using CO2 adsorption acceleration graphs. In the 

first zone, we have high rate of adsorption with positive CO2 acceleration. The 2
nd

 zone is a transition zone with 

negative acceleration. Third zone has low rate of adsorption with zero acceleration.  

The results show that VPOC1065 displays an excellent stability after 275 cycles of adsorption-desorption with 

just 4.77% reduction in capture capacity.  

With respect to rate of CO2 adsorption and desorption, relatively mild desorption conditions and long term 

stability after 275 cyclic adsorption-desorption tests fort VPOC1065, it can be concluded that these resins are 

promising candidates for CO2 capture. With respect to the theoretical capacity, ion exchange resins should be 

further optimised for CO2 capture to obtain higher practical capture capacity.  
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List of Figures’ Captions 

Fig. 1. Comparison of CO2 uptake by different commercial samples at 50
o
C and 0.4 CO2/N2. 

Fig. 2a. CO2 uptake by VPOC1065 at different temperatures and CO2/N2 ratio after 50 min of 

exposure to CO2/N2 gas mixture. 

Fig. 2b. CO2 uptake by A109 at different temperatures and CO2/N2 ratio after 50 min of exposure to 

CO2/N2 gas mixture. 

Fig. 3a. Rate of CO2 adsorption for VPOC1065 at different CO2/N2 ratio and 35
o
C. 

Fig. 3b. Rate of CO2 adsorption for A109 at different CO2/N2 ratio and 35
o
C. 

Fig. 4a. Rate of CO2 adsorption for VPOC1065 at different temperatures and 0.98 CO2/N2. 

Fig. 4b. Rate of CO2 adsorption for A109 at different temperatures and 0.98 CO2/N2. 

Fig. 5a. CO2 adsorption acceleration for VPOC1065 at 25 and 80
o
C and 0.98 CO2/N2.  

Fig. 5b. CO2 adsorption acceleration for A109 at 25 and 80oC and 0.98 CO2/N2. 

Fig. 6a. CO2 desorption for VPOC1065 at different desorption temperatures under pure N2, CO2 

adsorption temperature of 50
o
C and 0.1 CO2/N2.  

Fig. 6b. CO2 desorption for A109 at different desorption temperatures under pure N2, CO2 adsorption 

temperature of 50
o
C and 0.1 CO2/N2. 

Fig. 7a. Working capacity under 275 cycles of adsorption-desorption for VPOC1065, CO2 adsorption 

at 50
o
C and 0.1 CO2/N2, desorption at 105

o
C with pure N2.  

Fig. 7b. Working capacity under 40 cycles of adsorption-desorption for A109, CO2 adsorption at 50
o
C 

and 0.1 CO2/N2, desorption at 105oC with pure N2.  
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Fig. 7c. Working capacity under 40 cycles of adsorption-desorption for A109, CO2 adsorption at 50oC 

and 0.1 CO2/N2, desorption at 90
o
C with pure N2.  

Fig. 8a. FTIR spectra of VPOC1065 before and after cyclic adsorption-desorption tests.  

Fig. 8b. FTIR spectra of A109 before and after cyclic adsorption-desorption tests.  
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•  ِ◌◌ِ◌ِDistinguishing adsorption zones by using adsorption acceleration graphs 

• Excellent cyclic adsorption-desorption stability after 275 cycles for VPOC1065 

• Fast and complete CO2 desorption at 105
o
C based on desorption graphs and IR absorption 

data for both A109 and VPOC1065 

 


