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a b s t r a c t 

Solid sorbents with enhanced capacity and selectivity towards CO 2 are crucial in the design of an efficient 

capture process. Among the possible alternatives, K 2 CO 3 -doped activated carbons have shown high CO 2 

capture capacity and rapid carbonation reaction rate. In this work, a sustainable and low-cost approach 

is developed with a biomass-based activated carbon or biocarbon as support. The CO 2 capture perfor- 

mance in cyclic sorption–desorption operation and the sorption kinetics have been investigated under 

different scenarios in a purpose-built fixed-bed set-up. Independent of the H 2 O concentration in the flue 

gas, a constant relative humidity ( ∼20%) in the K 2 CO 3 -doped biocarbon bed promoted the carbonation 

reaction and boosted the CO 2 sorption capacity (1.92 mmol/g at 50 °C and 14 kPa partial pressure of CO 2 ). 

Carbonation is slower than physical adsorption of CO 2 but wise process design could tune the operation 

conditions and balance capture capacity and sorption kinetics. 

© 2018 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published 

by Elsevier B.V. and Science Press. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i  

H  

h  

c  

C  

m

 

a  

w  

a  

b  

b

 

C  

N  

s  

t  

t  

b

 

m  

t  

C  
1. Introduction 

Carbon dioxide (CO 2 ) is the dominant greenhouse gas (GHG),

accounting for at least 60% of all GHG emissions, and it is an es-

sential component of the global carbon cycle [1] . CO 2 is produced

in large quantities as a result of fossil fuel use in power generation

and industry. Fossil fuel-fired power plants are the main source

of carbon dioxide emissions worldwide, contributing to approxi-

mately 40% of total global emissions. Coal-fired power plants alone

contribute to approximately 70% of the emissions from fossil fuel-

fired power plants [2] . 

Therefore, it is becoming increasingly urgent to develop effi-

cient carbon capture technologies for controlling the CO 2 emis-

sions from fossil fuel combustion at point sources like thermal

power plants and steam generators. Post-combustion technologies

can be retrofitted to existing facilities and, therefore, are conve-

nient to be deployed at large scale in a short time frame. Hence,

post-combustion CO 2 capture can offer an interim solution for CO 2 

removal from combustion flue gases, until new clean energy gen-

eration technologies emerge [3] . 

Under the low CO 2 partial pressure conditions found, for in-

stance, in post-combustion flue gases the absorption/stripping pro-

cess, using amine solutions such as monoethanolamine (MEA),
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E-mail address: cpevida@incar.csic.es (C. Pevida). 

f  

C  

s  

s

https://doi.org/10.1016/j.jechem.2018.09.023 

2095-4956/© 2018 Science Press and Dalian Institute of Chemical Physics, Chinese Academ
s regarded as the most mature commercialized technology [4] .

owever, this technology presents several drawbacks that include

igh energy consumption, toxicity due to losses of the solvent,

orrosion of the equipment, etc. Adsorption-based technologies for

O 2 capture entail a viable alternative due to their potential to be

ore energy efficient than chemical absorption. 

In any adsorption-based process, adsorbate molecules are sep-

rated selectively from a gas mixture by means of a sorbent

herein the type of bonding involved depends on the pair

dsorbate-sorbent. In this regard, CO 2 sorption can take place

y means of physisorption, chemisorption, or even a mixture of

oth. 

Flue gas from major CO 2 emitters contains less than 15 vol%

O 2 at temperatures above ambient and at atmospheric pressure.

on-CO 2 fraction composition is highly variable, although atmo-

phere gases are dominant. Water vapor, particularly, is a nuisance

o capture CO 2 given the high concentration in the flue gas. It is

herefore fair to say that most research efforts on capture should

e directed towards wet streams [1] . 

To accomplish the design of an efficient adsorption process it is

andatory to develop a proper adsorbent depending on the fea-

ures of the gas streams to be treated. Designing an adsorbent for

O 2 capture under industrially acceptable standards focuses on the

ollowing attributes: (1) high CO 2 uptake, (2) high selectivity to

O 2 , (3) cyclability over at least 10 0 0 cycles, (4) fast kinetics, (5)

tability in water vapor and acidic gases, and (6) the adsorbent

hould be produced at a low cost [1] . 
y of Sciences. Published by Elsevier B.V. and Science Press. All rights reserved. 
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Table 1. Textural characterization performed from physical adsorption of N 2 at − 196 °C and of CO 2 at 0 °C. 

Textural parameters 

Total pore volume V p Amount of N 2 adsorbed at a relative pressure of 0.99 

Surface area BET Brunauer–Emmett–Teller equation [14] 

Micropore volume W 0 N 2 isotherms: Dubinin–Radushkevich (DR) equation assuming a density of the adsorbed phase of 0.808 cm 

3 g −1 

Micropore surface area S DR and a cross sectional area of 0.162 nm 

2 [15] ; CO 2 isotherms: Dubinin–Astakhov (DA) equation assuming a density 

of the adsorbed phase of 1.023 cm 

3 g −1 and a cross sectional area of 0.187 nm 

2 [16] ; E 0 , characteristic energy, and 

n, exponent in the DA equation, only depends on the micropore system. 

Average micropore width L 0 Stoeckli–Ballerini equation [17] 

Pore size distribution PSD Quenched Solid State (QSDFT) for N 2 isotherms and Non-local Density (NLDFT) Functional Theory for CO 2 
isotherms, assuming slit pore model. 
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The capacity of conventional microporous adsorbents to adsorb

O 2 decreases in wet atmospheres and at temperatures higher

han 40 °C, which makes their use inefficient [5] . At low pressures

nd in physisorption based solids, H 2 O competes with CO 2 for the

dsorption sites, leading to loss in uptake capacity [1] . 

Recently, it has been reported that dry regenerable alkali metal-

ased sorbents can be used to capture CO 2 in flue gas from fos-

il fuel-fired power plants [6] . In this context, water aids the cap-

ure of CO 2 by acting as a solvent and catalyst during bicarbon-

te formation. Thus, for such sorbents, both physisorption and

hemisorption occur onto the surfaces of the sorbent and the

lkali, respectively. 

Among the various kinds of alkali metal-based sorbents [7–10] ,

 2 CO 3 doped AC (activated carbon) has shown high CO 2 capture

apacity and rapid carbonation reaction rate [11] . K 2 CO 3 can cap-

ure CO 2 from flue gas at low temperatures (40–80 °C), forming

otassium bicarbonate (KHCO 3 ) via the carbonation reaction [3] .

hus, it is very important to control the carbonation reaction rate

nd to tune the CO 2 absorption capacity of these sorbents in order

o design a suitable dry regenerable sorbent for CO 2 capture [6] . 

With this regard, K 2 CO 3 doped biomass-based AC is proposed

erein as a promising candidate for CO 2 capture at low tem-

erature (50 °C) under humid flue gas conditions. The use of a

iomass-based activated carbon or biocarbon as support, scarcely

eported in literature, constitutes a novel, sustainable and low-

ost approach. To address the potentiality and applicability of

he K-doped biocarbon produced, the CO 2 capture behaviors, per-

ormances in eight consecutive CO 2 sorption–desorption cycles,

nd sorption kinetics of both the AC support and the K 2 CO 3 /AC

n a simulated flue gas atmosphere have been investigated in a

urpose-built fixed-bed unit. Further insights have been focused

nto the effects of water pretreatment and the carbonation reac-

ion pathways of K 2 CO 3 /AC for CO 2 capture. 

. Experimental 

.1. Sorbent preparation 

Activated carbon RN2 previously produced in our laboratory de-

arting from olive stones in a single-step CO 2 activation procedure

12] was selected as carbon support. This activated carbon is in

ranular form with average particle size of ∼1–2 mm. 

Anhydrous alkali metal carbonate, K 2 CO 3 (Sigma Aldrich, ACS

eagent, ≥ 99.0%) was used as received for carbon impregnation.

he dry potassium-based carbon sorbent was prepared through an

mpregnation method adapted from Guo et al . [13] . The prepara-

ion protocol was as follows: 5.0 g of activated carbon (RN2) were

dded to an aqueous solution containing 2.5 g of K 2 CO 3 in 25 cm 

3 

f distilled water. It corresponds to an impregnation ratio of 40%

hat has been identified as optimum [8] . Then, the content was

ixed with a magnetic stirrer for 15 h at room temperature. Af-

er stirring, the mixture was dried in an air oven at 105 °C during

.5 h. The dried sample was calcined in a furnace, at a slow heat-

ng rate of 5 °C/min up to 300 °C, under N flow (100 cm 

3 /min) and
2 
 soaking time of 2 h was set. The resulting sample is named after

N2K, where K stands for the K 2 CO 3 impregnation. 

.2. Sorbent characterization 

.2.1. Pore structure characteristics 

The porous structure of the parent activated carbon (RN2) and

he potassium-based carbon (RN2K) was assessed prior to the CO 2 

orption–desorption experiments. The porosity of the activated car-

ons was fully characterized by means of physical adsorption of N 2 

t − 196 °C, in a Micromeritics ASAP 2010, and adsorption of CO 2 

t 0 °C, in a Micromeritics TriStar 30 0 0. Helium density and appar-

nt density were measured in an Accupyc 1330 at 35 °C and in a

icromeritics Autopore IV 9500 mercury porosimeter at 0.1 MPa,

espectively. The samples were outgassed at 100 °C under vacuum

vernight prior to all the measurements. 

The use of both adsorbates, N 2 and CO 2 , provides complemen-

ary information about the porous texture of the samples: the ad-

orption of CO 2 at 0 °C and up to atmospheric pressure is restricted

o pores narrower than 1 nm, whereas N 2 adsorption at − 196 °C
overs wider pore sizes but presents diffusion limitations in the

arrower pores. A summary of the methodology followed in the

extural characterization is included in Table 1 . 

.2.2. Scanning electron microscopy (SEM) 

The success of the impregnation method and the distribution

f K 2 CO 3 onto the carbon precursor is another important param-

ter to be assessed. The particle morphology and composition of

N2K was examined by scanning electron microscopy with en-

rgy dispersive X-ray spectroscopy (SEM/EDX) in a Quanta FEG 650

quipped with an Ametek-EDAX analyzer (detector: Apollo X). The

EM images were taken at a magnification of 1500 and at 25 kV. 

.3. CO 2 sorption behavior of the sorbents 

Single CO 2 sorption (breakthrough) and cyclic CO 2 sorption–

esorption experiments of the studied solid sorbents were per-

ormed in a purpose-built fixed-bed unit thoroughly described

lsewhere [18–23] . 

A simulated flue gas (total flowrate of 140 cm 

3 /min) composed

f 14% CO 2 , balance N 2 , was fed to a bed at 50 °C and atmo-

pheric pressure. Experiments in the presence of a stream of

 2 O (v) (0.14 g/h) in addition to CO 2 and N 2 were also conducted in

rder to assess the role of water vapor in the CO 2 sorption process

rom flue gas. 

The total flowrate (140 cm 

3 /min), pressure (130–140 kPa) and

dsorption temperature (50 °C) were maintained constant in all

xed-bed experiments. Desorption was carried out at 70 °C and ap-

lying a light vacuum of 10 kPa, simulating vacuum-temperature

wing adsorption (VTSA) operation in the cyclic experiments. 

The characteristics of the beds of the two carbons evaluated are

resented in Table 2 . 
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Table 2. RN2 and RN2K bed characteristics. 

Bed characteristics RN2 RN2K 

Mass of adsorbent (g) 4.39 5.19 

Total porosity – 0.87 0.81 

Helium density (g/cm 

3 ) 2.10 2.10 

Apparent density (g/cm 

3 ) 0.50 0.72 

Bed diameter (cm) 1.30 1.30 

Bed height (cm) 11.90 10.00 

Bed density (g/cm 

3 ) 0.28 0.39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Adsorption kinetics models. 

Kinetic model Equation Differential form 

Pseudo-first order q t = q e ( 1 − e −k f t ) d q t 
d t 

= k f ( q e − q t ) 

Avrami q t = q e ( 1 − e ( −( k A t ) 
n A ) ) d q t 

d t 
= k A 

n A t n A −1 ( q e − q t ) 

Table 4. Goodness of fitting of the kinetic models. 

Equation 

Sum of squared errors (SSE) SSE (%) = 

√ ∑ 

( q t , exp −q t , pred ) 
2 

N 
× 100 

Coefficient of determination ( R 2 ) R 2 = 1 − ( 
∑ N 

i =1 ( q t , exp −q t , pred ) 
2 

∑ N 
i =1 ( q t , exp −q t , exp ) 

2 )( 
N−1 
N−p 
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2.3.1. Cyclic fixed-bed operation 

CO 2 sorbents should be easy to regenerate and should keep its

performance with cycling. Thus to evaluate the performances to

separate CO 2 from simulated flue gas streams over multiple cy-

cling, the activated carbons (ACs) were subjected to eight consec-

utive sorption-regeneration cycles. Each experimental run involved

the following steps: preconditioning, sorption and regeneration. A

detailed description is presented elsewhere [23] . 

Humidity contained in the flue gases negatively affects the CO 2 

adsorption capacity of ACs due to their high affinity to moisture;

however, the presence of water vapor is essential to form potas-

sium bicarbonate from dry regenerable alkali metal-based sorbents

upon reaction with CO 2 [24] . Thus, a different mechanism of in-

teraction with CO 2 is expected for the two activated carbons un-

der evaluation, particularly when assessed in wet conditions. To

study the influence of water vapor in CO 2 sorption and evaluate

the stability of the performances, RN2 and RN2K were subjected

to other eight consecutive sorption–desorption cycles. The experi-

mental runs included the same steps as in the dry cases but during

the adsorption step a ternary mixture consisting of 14% CO 2 /84%

N 2 /2% H 2 O was fed to the bed [23] . 

It is important to note that before each experiment the sorbent

bed was dried by flowing N 2 (140 cm 

3 /min) for 60 min at 150 °C
and atmospheric pressure. 

2.3.2. Breakthrough experiment in water vapor pre-saturated bed 

As explained above in Section 2.3.1 , the presence of moisture

in the flue gas stream leads to a decrease in the CO 2 adsorption

capacity of an activated carbon due to co-adsorption of H 2 O but it

is mandatory to the carbonation process of dry regenerable alkali

metal-based sorbents. Therefore, to evaluate the effect of H 2 O on

CO 2 sorption performance, breakthrough non-cyclic experiments

feeding a ternary gas mixture composed of 14% CO 2 /84% N 2 /2%

H 2 O were carried out over extended time (several hours) till satu-

ration of the bed with H 2 O. 

Since high concentrations of water vapor are beneficial for im-

proving the carbonation reaction activity, a way suggested to reach

effective CO 2 sorption performance is to increase the carbona-

tion conversion and reaction kinetics including water pretreatment

prior to CO 2 sorption [25,26] . To investigate the effect of this pre-

treatment, the bed was initially saturated with H 2 O by feeding a

gas stream containing 98% N 2 and 2% H 2 O. Afterwards, ternary

CO 2 /N 2 /H 2 O breakthrough curves (non-cyclic experiments) were

obtained similarly to the long experiments with a fresh bed. 

2.4. Theory/calculation 

The design of a sorption process is not fully addressed with

equilibrium data; sorption kinetics are also required. 

2.4.1. CO 2 adsorption kinetics 

In physical-based sorption, commonly denoted as adsorption,

diffusion of adsorbate molecules into the adsorbent particles is the

rate controlling step. 
To describe the adsorption process quantitatively and identify

he adsorption mechanism, a number of adsorption kinetic mod-

ls have been developed [27] . Based on a previous work [28] ,

wo models will be considered herein to describe the CO 2 adsorp-

ion behavior of RN2 and RN2K under the different moisture con-

itions evaluated: pseudo-first-order [29] and Avrami ́s fractional

30] models. 

Table 3 shows the list of equations associated to these kinetic

odels, where t is the time elapsed from the beginning of the ad-

orption process, q t (mmol/g) is the amount adsorbed at a given

ime, q e (mmol/g) represents the amount adsorbed at equilibrium,

 f (min 

−1 ) is the pseudo-first-order rate constant, k A (min 

−1 ) is the

vrami’s kinetic constant and n A is the Avrami’s exponent. 

Furthermore, to measure the discrepancy between the mea-

ured data and the predictions from the model, the sum of

quared errors (SSE) [25] and the coefficient of determination ( R 2 )

27,28] were estimated. Equations are shown in Table 4 , where

 t,exp and q t,pred are the experimentally measured and model-

redicted adsorption capacities, respectively, N is the number of

xperimental data points for each sample and p is the number of

arameters of the model. 

.4.2. CO 2 sorption kinetics 

CO 2 capture on potassium-based sorbents is more likely to be a

hemical-sorption based process, which involves the reaction with

O 2 to form bicarbonate. During this sorption process, adsorption

nd carbonation co-exist [7] ; diffusion of CO 2 to the surface and

nto the pores, reaction with the active sites and formation of a

ayer of compact products are the main steps [25] . Thus, with the

im of studying the kinetics of CO 2 sorption on RN2K, the Shrink-

ng Core Model (SCM) was adopted to correlate the experimental

ata [31] . The basis of the SCM establishes that the solid is non-

orous and it is initially surrounded by a fluid film through which

ass transfer occurs between the solid particle and the bulk of the

uid. As the reaction proceeds, a layer of product (i.e., potassium

icarbonate) forms around the unreacted core. The solid particle is

ssumed to be spherical and it reacts with the fluid isothermally.

esides, the concentration of the reacting fluid is supposed to be

onstant or in excess [32] . 

Table 5 shows the list of equations associated to the SCM

hen applied to CO 2 sorption on K 2 CO 3 doped materials, where

 (mmol/g) is the total amount of CO 2 captured, q p (mmol/g) is

he amount of physically adsorbed CO 2 at a given time, M K 2 C O 3 
is

he molecular mass of K 2 CO 3 (g/mol), β represents the K 2 CO 3 

oading in the sorbent (being 1 for pure potassium carbon-

te), R (cm) is the radius of the particle, k s is the reaction rate

onstant per unit of reaction interface, C 0 C O 2 (mmol/cm 

3 ) and

 

0 
H 2 O 

(mmol/cm 

3 ) are the initial concentrations of CO 2 and H 2 O,

espectively, C 0 K 2 C O 3 (mmol/cm 

3 ) is the initial concentration of

 2 CO 3 and D e is the diffusion coefficient for H 2 O in the prod-

ct layer. The specific derivation of the expression can be found

lsewhere [31] . 
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Table 5. Shrinking core model equations. 

Parameters Equation 

Carbonation conversion of the sorbent η = 

( q −q p ) ×M K 2 C O 3 
β×10 0 0 

× 100% 

Global reaction rate t = 

R 
k s C 0 C O 2 C 

0 
H 2 O 

( 1 − ( 1 − η) 
1 
3 ) + 

C 0 K 2 C O 3 R 
2 

6 D e C 0 H 2 O 
( 1 − 3 ( 1 − η) 

2 
3 + 2( 1 − η) ) 

Surface chemical reaction-controlled 

region 

t = A 1 g ( η) 

g(η) = 1 − ( 1 − η) 
1 
3 

A 1 = 

R 
k s C 0 C O 2 C 

0 
H 2 O 

Internal diffusion-controlled region t = A 2 P ( η) 

P(η) = 1 − 3 ( 1 − η) 
2 
3 + 2( 1 − η) 

A 2 = 

C 0 K 2 C O 3 R 
2 

6 D e C 0 H 2 O 
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3
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. Results and discussion 

.1. Adsorbents characterization 

.1.1. Pore structure characteristics 

The N 2 adsorption isotherms at −196 °C of the carbons are

hown in Fig. 1 (a). Both activated carbons presented type I

dsorption isotherms, according to IUPAC classification, character-

stic of microporous materials. As previously explained elsewhere

12] , from the open elbow in the low pressure range of the N 2 

dsorption isotherm on RN2, it is deduced that this activated car-

on possesses both narrow and wider microporosity. Wider micro-

ore size distribution is suitable to impregnate an activated car-

on. On the other hand, RN2K shows an isotherm with a slightly

harper elbow than RN2 that suggests narrower pore size distribu-

ion (PSD). Moreover, micropore size distribution slightly shifts to

maller micropores after impregnation (see Fig. 1 b). 

The CO 2 adsorption isotherms of the samples at 0 °C are repre-

ented in Fig. 2 (a). Comparison of the volumes adsorbed of both

dsorbates, N 2 and CO 2 , gives an indication of the micropore ratio

n each sample. Both activated carbons show similar PSD in the

arrow microporosity domain ( Fig. 2 b). Table 6 summarizes the

extural parameters estimated from the adsorption isotherm data. 

The impregnation of RN2 with potassium carbonate notably re-

uces the volume of available porosity for N 2 and CO 2 adsorption.

icropore surface areas ( S mi ) estimated from both N 2 and CO 2 

sotherms decrease 26% and 22%, respectively, while reduction in

icropore volumes ( W ) accounts for 37% and 32%, respectively. 
0 
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Fig. 1. (a) N 2 adsorption isotherms at − 196 °C an
RN2K shows an average narrow micropore size of 0.69 nm,

hich has been pointed out as very suitable for CO 2 adsorp-

ion at post-combustion capture conditions [33–39] . However, even

hough it has been demonstrated that pore size governs CO 2 ad-

orption at low pressures [33–37] , the reduction of the narrow mi-

ropore volume ( W 0 , CO2 ) certainly penalizes the adsorption of CO 2 

n RN2K. 

Therefore, it can be inferred that impregnation with K 2 CO 3 

ends to block the porosity of the parent carbon to some extent,

educing notably the capacity to adsorb N 2 and CO 2 . This block-

ge largely occurs on the wider micropores (see Fig. 1 b) and it has

een attributed by Hayashi et al . [8] to the hydrophobicity of the

arbon surface that repels droplets of aqueous potassium carbon-

te that move toward the wider end of the pore space. 

.1.2. Scanning electron microscopy (SEM) 

To gather more insights into the characteristics of RN2K it was

nalyzed by SEM/EDX to assess the effect of impregnation with

 2 CO 3 . 

Fig. 3 shows the morphology of RN2K characterized by small

hite aggregates with average sizes of less than 10 μm that are ho-

ogeneously dispersed in the carbon structure. These white aggre-

ates correspond to K 2 CO 3 as confirmed by EDX analysis (inset in

ig. 3 ). EDX shows high intensity potassium peak in carbon RN2K

ut also indicates the presence of lower intensities of C and O in

he sorbent. 

.2. CO 2 sorption performance of the RN2 ACs 

.2.1. Cyclic fixed-bed operation 

Stability of a CO 2 sorbent in long-term cyclic operation is cru-

ial. Thus to evaluate the performances of RN2 and RN2K in mul-

iple cycle operation, different scenarios were considered: separa-

ion of CO 2 from CO 2 /N 2 and from CO 2 /N 2 /H 2 O gas streams. The

O 2 sorption capacities of RN2 and RN2K during 8 consecutive cy-

les of sorption-regeneration were compared. The sorbents were

llowed to reach CO 2 saturation (maximum sorption capacity) dur-

ng the sorption step and they were practically fully regenerated

uring the desorption step. Under humid conditions, H 2 O sorption

as also evaluated. 

A mass balance was applied to the bed in each sorption–

esorption cycle to calculate the specific amount of CO retained
2 
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d (b) N 2 adsorption QSDFT PSD of RN2 ACs. 



212 N. Querejeta et al. / Journal of Energy Chemistry 34 (2019) 208–219 

(a) (b)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 20 40 60 80 100 120

Am
ou

nt
 a

ds
or

be
d 

of
 C

O
2

(m
m

o/
lg

)

Pressure (kPa)

RN2

RN2K

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0.0 0.5 1.0 1.5

PS
D 

(c
m

3  g
-1

 n
m

-1
)

Pore size (nm)

RN2
RN2K

Fig. 2. (a) CO 2 adsorption isotherms at 0 °C and (b) CO 2 adsorption NLDFT PSD of RN2 ACs. 

Table 6. Textural parameters of the RN2 ACs as estimated from the N 2 and CO 2 adsorption isotherms. 

Sample N 2 adsorption ( −196 °C) CO 2 adsorption (0 °C) 

V p 
a S BET 

b W 0 
a E 0 

c L 0 
d S mi 

b n W 0 
a E 0 

c L 0 
d S mi 

b 

RN2 0.53 1248 0.48 21.3 1.09 888 1.7 0.44 24.9 0.80 1112 

RN2K 0.34 768 0.30 23.1 0.92 657 1.6 0.30 27.0 0.69 868 

a V, W in cm 

3 /g. 
b S in m 

2 /g. 
c E 0 in kJ/mol. 
d L 0 in nm. 

Fig. 3. SEM image of the impregnated carbon RN2K. 

 

 

 

 

 

 

 

Table 7. CO 2 and H 2 O sorption capacities (average 4–8 cycles). 

Sample Feed gas CO 2 sorption capacity H 2 O sorption capacity 

(mmol/g) (mmol/g) 

RN2 CO 2 /N 2 0.63 –

CO 2 /N 2 /H 2 O 0.52 0.53 

RN2K CO 2 /N 2 0.50 –

CO 2 /N 2 /H 2 O 0.41 0.53 
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in the bed and the holdup of the gas phase was discounted ap-

plying correction factors. Detailed information about the calcula-

tion procedure can be found in Ref. [19] . H 2 O sorption is signifi-

cantly slower than CO 2 ; however, a similar calculation procedure

was followed to estimate the total amount of H 2 O uptake at the

time when the bed reached saturation in CO 2 . 

Fig. 4 plots the CO 2 and H 2 O adsorption capacities of RN2

for the eight consecutive cycles during the binary (CO 2 /N 2 ) and

ternary (CO /N /H O) experiments. 
2 2 2 
As can be seen from Fig. 4 (a), the CO 2 adsorption capacity of

N2 is maintained over the eight consecutive cycles (0.65 mmol/g

n cycle 1 and 0.62 mmol/g in cycle 8), indicating that the sorbent

eeps considerable long-term working stability and cyclability. The

ame trend is observed for H 2 O adsorption ( Fig. 4 b) with the ex-

eption of the first cycle. It has to be borne in mind that the bed

s fully regenerated at the beginning of the first cycle and H 2 O ad-

orption and desorption are significantly slower. This implies that

 2 O is not fully removed from the bed at the beginning of each

ntermediate cycle. Thus, for comparative purposes among the dif-

erent experiments, the capture capacity was evaluated hereafter

s an average of the sorption performance over the last five cycles

cycles 4–8) in which concentrations of both CO 2 and H 2 O can be

onsidered stable [23] . Results are shown in Table 7 for samples

N2 and RN2K. 

Despite the doping with potassium carbonate, sample RN2K ex-

ibits a much lower CO 2 uptake (reduction of 21% on average for

he experiments under dry and wet conditions) when compared

o RN2. This could be expected for the experiments in dry condi-

ions, where the textural properties of the carbon play a significant

ole, due to prevalence of physical adsorption, and the impregnated

ample needs to offset the substantial reduction in micropore
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Fig. 4. Adsorption capacities of RN2 in multiple cycles: (a) CO 2 /N 2 and (b) CO 2 /N 2 /H 2 O experiments. 
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Table 8. CO 2 and H 2 O sorption capacities in humid breakthrough experiment. 

Sample CO 2 sorption capacity H 2 O sorption capacity 

(mmol/g) (mmol/g) 

RN2 0.62 1.92 

RN2K 0.49 4.09 
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C  
olume. However, the sorption capacities from the ternary experi-

ents (CO 2 /N 2 /H 2 O) revealed that the presence of moisture penal-

zed the CO 2 uptakes of both carbons similarly. This phenomenon

ould be a result of the combination of the following two factors:

he different kinetics of sorption of CO 2 and H 2 O and, most impor-

antly, the absence of carbonation reaction due to a low H 2 O/CO 2 

atio (1:6) [6] or to insufficient relative humidity during the cycles

11,38] . For this reason, further experiments were conducted in the

resence of water vapor to gain more insights into the role of wa-

er vapor on CO 2 sorption on RN2K. 

.2.2. Breakthrough experiments in humid conditions 

To assess the effect of H 2 O concentration on carbonation, break-

hrough experiments were carried out over extended time (several

ours) feeding a ternary mixture composed of 14% CO 2 , 84% N 2 

nd 2% H 2 O to the bed at 50 °C and atmospheric pressure. These

on-cyclic experiments departed from a fully regenerated sorbent

nd reached saturation of the bed with H 2 O. 

As can be seen in Fig. 5 (a), the H 2 O profiles took longer times to

reak through the bed: 60 and 148 min for RN2 and RN2K, respec-
ively. This difference in adsorption time is translated into larger

 2 O sorption capacities for the potassium carbonate based sorbent

N2K (113% greater capacity than RN2, see Table 8 ). 

Despite the sharp increase in H 2 O uptake, CO 2 broke through

he bed in the first minutes of the experiment ( ∼ 2 min), as can

e observed in Fig. 5 (b), and the CO 2 sorption capacities remained

naltered for both carbons, showing the same value as that previ-

usly reported for cycle 1 of the multiple cycle experiments with

 ternary gas mixture ( Table 8 ). 

This result corroborates the performance of the parent car-

on RN2 in multiple cycling, where only physical adsorption of

O was observed. However, a different pattern would have been
2 
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Fig. 5. H 2 O (a) and CO 2 (b) sorption capacities for RN2 and RN2K during breakthrough experiments. 
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Fig. 6. Relative humidity and H 2 O sorption capacity profiles on RN2K. 
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expected for the potassium carbonate based sorbent, RN2K, given

that the bed was allowed to reach saturation in H 2 O. 

Chemical sorption of CO 2 on potassium carbonate based solid

sorbents rely on the carbonate as the active phase to form potas-

sium bicarbonate (KHCO 3 ) through the following carbonation reac-

tion ( 1 ): 

K 2 C O 3 ( s ) + H 2 O ( g ) + C O 2 ( g ) ↔ 2 KHC O 3 ( s ) (1)

However, CO 2 sorption does not take place straightaway via re-

action 1, the following reaction steps may coexist [39] : 

K 2 C O 3 ( s ) + 1 . 5 H 2 O ( g ) ↔ K 2 C O 3 · 1 . 5 H 2 O ( s ) (2)

K 2 C O 3 · 1 . 5 H 2 O ( s ) + C O 2 ( g ) ↔ 2 KHC O 3 ( s ) + 0 . 5 H 2 O ( g ) (3)

2 K 2 C O 3 ( s ) + 2 . 5 H 2 O ( g ) + C O 2 ( g ) ↔ K 4 H 2 (C O 3 ) 3 · 1 . 5 H 2 O ( s ) 

(4)

K 4 H 2 (C O 3 ) 3 · 1 . 5 H 2 O ( s ) + C O 2 ( g ) ↔ 2 KHC O 3 ( s ) + 0 . 5 H 2 O ( g ) 

(5)

Jayakumar et al . [3] have confirmed that the carbonation and

hydration reactions of K 2 CO 3 ( Eqs. (1 ) and ( 2 ), respectively) occur

as competing reversible and parallel reactions in a simulated flue

gas atmosphere, whilst reaction ( 3 ) does not occur or is negligible.

In reaction ( 4 ), K 4 H 2 (CO 3 ) 3 ·1.5H 2 O(s) is an additive combination

or a partial dissolution of 2KHCO 3 (s) in K 2 CO 3 ·1.5H 2 O(s) that re-

quires both H 2 O and CO 2 to form. 

On the other hand, it has been previously reported that the CO 2 

concentration has much lesser effect on the carbonation reaction

paths than the H 2 O concentration [6,11,40] . Zhao et al. reported

that the carbonation rate for K 4 H 2 (CO 3 ) 3 ·1.5H 2 O(s) is higher than

that of K 2 CO 3 ·1.5H 2 O(s) and so the hydration reaction is con-

sidered as the rate-controlling step for the CO 2 sorption process

[11,41] . Moreover, the relative humidity in the bed plays a very

important role. It needs to reach a sufficient level to prevent the

reversal transformation of the active species to the original phase,

K 2 CO 3 [11,26] . 
Taking into consideration the aforementioned, the theo-

retical water uptake as per 1 g of RN2K calculated from
q. (1) is 4.44 mmol/g. The experimental water uptake calcu-

ated from the breakthrough experiments reached 4.09 mmol/g

here 1.59 mmol/g might correspond to physical adsorption of

ater on RN2K. The latter value is calculated departing from

he uptake of the parent carbon RN2 (see Table 8 ) and sub-

racting the water vapor adsorption difference between RN2 an

N2K ( ∼ 17%) as estimated from the first cycle of the wet cyclic

xperiments. Hence around 2.50 mmol/g of H 2 O represent the

mount of water available to convert K 2 CO 3 into the intermedi-

te K 2 CO 3 ·1.5H 2 O(s). This value only accounts for half (56%) of the

heoretical value and, consequently, it may be insufficient to allow

K 4 H 2 (CO 3 ) 3 ·1.5H 2 O(s) formation ( Eq. (4) ). 

During the breakthrough non-cyclic experiment, the relative

umidity does not remain constant. It increases up to saturation

f the bed in H 2 O and so does the water uptake. The maximum

elative humidity achieved in the gas phase was around 20%. For

pproximately 160 min, the relative humidity in the gas exiting the

N2K bed is negligible due to H 2 O being mainly adsorbed on the

ed (See Fig. 6 ). The unavailability of water vapor hinders the hy-
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Fig. 7. H 2 O (a) and CO 2 (b) sorption capacities for RN2 and RN2K with water vapor pre-saturation of the bed. 
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Table 9. H 2 O and CO 2 sorption capacities in saturated beds. 

Sample CO 2 sorption capacity H 2 O sorption capacity 

(mmol/g) (mmol/g) 

RN2 0.47 2.09 

RN2K 1.92 7.09 
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ration reaction, which is the rate limiting step, and so the carbon-

tion process does not take place. 

Thus, we can conclude that due to the low values of H 2 O con-

entration in the feed gas (2 vol%) and the low relative humid-

ty in the bed during the experiment, the carbonation reaction in

he RN2K bed was hindered during the breakthrough experiments.

his conclusion is in agreement with Lee et al . [24] , that attributed

he deficient conversion of K 2 CO 3 into K 2 CO 3 ·1.5H 2 O(s) to the low

 2 O concentration and to the equilibrium of absorption and des-

rption of water at low relative humidity. 

.2.3. Effect of water vapor pre-saturation of the bed on CO 2 sorption

As explained in the previous section, carbonation of potas-

ium carbonate based sorbents proceeds through two main steps:

rstly hydration reaction occurs to form K 2 CO 3 ·1.5H 2 O(s) (rate-

ontrolling) and/or K 4 H 2 (CO 3 ) 3 ·1.5H 2 O(s) under moist conditions

nd, secondly, the intermediates react with CO 2 to form KHCO 3 .

ence, to investigate the effect of water pretreatment on the

O 2 sorption performances of both activated carbons, ternary

O 2 /N 2 /H 2 O breakthrough non-cyclic experiments were conducted

eparting from beds initially saturated with H 2 O and N 2 . The H 2 O

nd CO 2 sorption capacity profiles are plotted in Fig. 7 (a, b). 

H 2 O sorption process follows the same pattern observed in the

xperiments with a fully regenerated fresh bed (see Fig. 5 ). How-

ver, it is apparent that the H 2 O uptakes are enhanced for the

wo carbons due to the absence of CO 2 during the saturation stage

hat thereby avoids competitive adsorption. It can be noted that

he H 2 O capture capacity for RN2K has increased very significantly

iven that the bed took around 10 0 0 min to reach saturation. On

he other hand, the trend in CO 2 sorption reversed with respect to

he fresh bed breakthrough experiments: the adsorption capacity

f RN2 is reduced due to co-adsorption of H 2 O but in the case of

N2K, conditions seem to favor chemical sorption of CO 2 and a sig-

ificant enhancement in the CO 2 uptake is observed. Thus, under

hese conditions of saturation in water, RN2K outperforms RN2. 

Physical adsorption of water (calculated as explained in Section

.2.2 ) on RN2K accounts for 1.73 mmol/g. As the theoretical value

or water absorption as per 1 g of RN2K is 4.44 mmol/g and the to-

al sorption capacity of the potassium based carbon is 7.09 mmol/g

see Table 9 ), there is a 13% excess water. Thus, it can be deduced

hat the potassium carbonate present in RN2K has been converted

o K CO ·1.5H O [11,26,39] . 
2 3 2 
The CO 2 adsorption capacity of RN2 has reduced in a 24% with

egards to the experiment without pretreatment ( Section 3.2.2 ).

he CO 2 capture capacity of RN2K rapidly increased to 1.72 mmol/g

 ∼17 min) and then slowly approached the maximum value of

.92 mmol/g. This means that the vast majority of the sorption

apacity of RN2K at these conditions relies on chemisorption in

he K 2 CO 3 phase. In amine scrubbing processes where a solution

ith 30 wt% monoethanolamine (MEA) is frequently used [42–45] ,

O 2 absorption capacity expressed as the difference between rich

nd lean solvent loadings is of about 1.23 mmol CO 2 /g solution

42,43] . Thus, the uptake capacity of RN2K surpasses in around

6% the outstanding capacity attributed to chemical absorption in

mine-based solvents. Regarding other K-based sorbents, Lee et al .

26,46,47] attained a CO 2 capture capacity of 1.95 mmol/g for sor-

ent KACI30 at 60 °C (feed gas composition: 9 vol% H 2 O, 1 vol%

O 2 ) whilst Guo et al. [25] obtained a CO 2 uptake of 1.18 mmol/g

or KACI15 at 20 °C (feed gas composition: 2 vol% H 2 O, 1 vol% CO 2 ).

ven though the testing conditions selected in these works differ

rom those in this study, the reported CO 2 uptakes corroborate the

reat performance of RN2K. 

Despite that the H 2 O concentration is not changed in the

wo sets of breakthrough experiments (2 vol% H 2 O in the feed

as for both the fresh and the pre-saturated bed experiments),

he reason for the existence of carbonation is that water va-

or pretreatment increases the relative humidity in the bed of

N2K up to 20% and this value remains constant from the be-

inning of the experiment whilst CO 2 sorption is taking place.

ith water vapor pretreatment, the relative humidity in the bed

s enough to allow hydration of K 2 CO 3 to K 2 CO 3 ·1.5H 2 O. In envi-

onments of extremely high relative humidity K 2 CO 3 will be more

ikely to be converted into K 4 H 2 (CO 3 ) 3 ·1.5H 2 O during the carbon-

tion process as shown in Eq. (4) [11,24,26,4 8,4 9] . Thus, control-

ing water pretreatment is crucial in the performance of RN2K as

O 2 sorbent: once K 2 CO 3 ·1.5H 2 O is formed, the relative humidity

eeds to be high enough to prevent the transformation back from
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Table 10. CO 2 volumetric capacities of the support RN2 and the impregnated sample RN2K when feeding CO 2 /N 2 /H 2 O to the bed. 

Sample Experiment Bed initial conditions CO 2 volumetric capacity (mmol/cm 

3 ) 

RN2 Multicycle, average 4–8 Fresh bed-not fully regenerated in cycling 0.14 

Breakthrough experiment Fresh bed-H 2 O saturation 0.17 

Water pretreatment 0.13 

RN2K Multicycle, average 4–8 Fresh bed-not fully regenerated in cycling 0.16 

Breakthrough experiment Fresh bed-H 2 O saturation 0.19 

Water pretreatment 0.75 

Table 11. Kinetic parameters of pseudo-first and Avrami models under the different adsorption conditions. 

Sample Experiment Pseudo-first-order Avrami 

k f 
(min −1 ) 

SSE (%) R 2 k A 
(min −1 ) 

n A SSE (%) R 2 

RN2 CO 2 /N 2 0.58 2.40 0.978 0.53 1.61 0.96 0.996 

CO 2 /N 2 /H 2 O 0.61 2.60 0.974 0.55 1.77 1.28 0.993 

RN2K CO 2 /N 2 0.57 1.69 0.983 0.53 1.62 0.18 1.0 0 0 

CO 2 /N 2 /H 2 O 0.52 0.96 0.994 0.51 1.20 0.68 0.997 
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K 2 CO 3 ·1.5H 2 O to the original phase, K 2 CO 3 , and to proceed with

the carbonation reaction. 

3.3. Volumetric CO 2 uptake capacity 

The foregoing discussion evidences that the potassium carbon-

ate based carbon RN2K shows an outstanding CO 2 performance un-

der conditions of saturation in H 2 O; meanwhile RN2 shows bet-

ter behavior in dry conditions. CO 2 uptakes were reported in mass

basis but it is nevertheless important to address them in volume

basis, especially for post-combustion capture applications wherein

reduction of the carbon footprint is a major challenge. In such sce-

nario, the CO 2 uptake per given space (volume) occupied by the

adsorbent (i.e., volumetric uptake) must be maximized [38] . CO 2 

volumetric capacities of both activated carbons have been calcu-

lated departing from the uptake capacities presented previously

and the bed densities shown in Table 2 . 

The volumetric uptakes reported in Table 10 clearly indi-

cate that RN2K outperforms RN2 under all the humid conditions

evaluated. This is mainly ascribed to its higher packing density

(0.39 g/cm 

3 ). Moreover, an uptake of 0.75 mmol CO 2 /cm 

3 can be

considered outstanding for a solid sorbent at 50 °C and a CO 2 par-

tial pressure of ∼14 kPa. Previous results reported for other adsor-

bents derived from pine sawdust (0.30 mmol CO 2 /cm 

3 ) [50] and

spent coffee grounds (0.34 mmol CO 2 /cm 

3 ) [51] at 50 °C and CO 2 

partial pressures of ∼10 and 15 kPa, respectively, corroborate this

statement. 

3.4. CO 2 adsorption kinetics 

To gain more insights on how the presence of water vapor

can modify the kinetics of CO 2 adsorption on RN2 and RN2K, cy-

cle I of the binary and ternary multicycle experiments have been

assessed. Two kinetic models were considered: pseudo-first-order

and Avrami’s fractional models. 

Fig. 8 shows the q t vs . t plots for RN2 and RN2K under dry and

wet conditions together with the predictions from pseudo-first-

order and Avrami’s models ( Table 3 ). Both carbons show two-stage

adsorption that corresponds to mass transfer resistances to adsorp-

tion [52,53] and to proper surface adsorption that generally is very

rapid [53–56] . 

The values of the kinetic parameters calculated for each model

and the corresponding correlation coefficients ( R 2 ) and associated

sum of squared errors (SSE (%)) are listed in Table 11 . 

The pseudo-first-order model has certain limitations in fitting

the CO adsorption data on RN2 and RN2K, whilst Avrami’s frac-
2 
ional order model suitably fits the experimental data from both

inary and ternary experiments, and presents the lowest values of

SE (maximum of 1.28%) and values of R 2 close to unity. There-

ore, compared with the pseudo-first-order kinetic model, Avrami’s

quation seems the most accurate approach for describing CO 2 

dsorption kinetics on the carbon adsorbents studied. This is in

greement with previous studies on the kinetics of CO 2 adsorp-

ion on biomass based carbons [28] . In the presence of moisture,

vrami’s exponent ( n A ) for the support RN2 is higher due to longer

ontact time of the adsorbate with the adsorbent whilst under the

ame conditions this time is reduced for RN2K due to the existence

f the hydration reaction represented in Eq. (2) [28,57–61] . This is

onsistent with values of the kinetic rate constants ( k A ) that ev-

dence the different adsorption rates as a function of the contact

ime [30] . 

The excellent quality of the fit of the Avrami’s model to the

xperimental data at low and high surface coverage is most

ikely associated with its ability to account for complex reac-

ion pathways [30,57,59] . Moreover, regarding the impregnated car-

on RN2K, Serna-Guerrero and Sayari [57] also concluded that

he best kinetic model for describing the CO 2 capture perfor-

ance on amine-functionalized mesoporous silica was Avrami’s

quation. 

.5. CO 2 sorption kinetics: carbonation reaction 

Since exponent ( n A ) is a fractionary number and its result is at-

ributed to multiple kinetic order of the adsorption procedure [58] ,

nd the kinetic rate constant ( k A ) encompasses both chemical and

hysical adsorption [57] , the Avrami model is unable to explain

horoughly which sorption type is occurring and so does not ac-

ount for the carbonation reaction mechanism. SCM is a dedicated

odel for heterogeneous reaction on solid particles and might bet-

er explain the carbonation reaction on the potassium carbonate

ased carbon sorbent. 

In Section 3.2.3 it was concluded that RN2K is an excellent CO 2 

orbent when feeding a gas stream composed of 14% CO 2 , 84% N 2 

nd 2% H 2 O at 50 °C and atmospheric pressure while maintaining

onstant relative humidity (20%) in the bed. The CO 2 sorption ca-

acity for RN2K at these conditions was 1.92 mmol/g (mass basis).

educting the contribution from physical adsorption as estimated

rom the first cycle of the multicycle experiments under dry con-

itions (maximum capacity of 0.57 mmol/g) and considering com-

lete conversion of K 2 CO 3 to KHCO 3 , the corresponding carbona-

ion conversion ( η) of RN2K could be estimated. A value of 45.5%

as obtained at the end of the experiment (see Fig. 9 ). 
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Fig. 8. Experimental and predicted q t vs. t plots for RN2 and RN2K: binary experiments (a) and (c); ternary experiments (b) and (d). 

0

10

20

30

40

50

0 15 30 45 60 75

η
(%

) 

Time (min)

Fig. 9. Carbonation conversion of RN2K. 

 

r  

t  

f  

b  

d  

m  

c  

D

 

i  

A  

1  

5  

m

 

p  

c  

t  

o  

t  
The carbonation conversion increases up to 38.9% with a high

eaction rate (in 17 min from the start of the experiment) and

hen increases an additional 6.6% at a much slower pace (over the

ollowing 51 min). Hence, a different mechanism of reaction can

e anticipated for each region: surface chemical reaction control

uring the first 17 min and internal diffusion control for the re-

aining duration of the experiment. Fig. 10 plots the carbonation

onversion functions and the corresponding fittings to the SCM.

ata were fitted independently for the two regions. 

Kinetic parameters can be estimated from the slope and the

ntercept of the linear fittings in both regions (see Table 5 ).

ssuming a density of K 2 CO 3 of 2.428 g/cm 

3 [31] , a value of

.76 × 10 −2 mol/cm 

3 is calculated for C 0 K 2 C O 3 . C 
0 

C O 2 
and C 0 H 2 O are

.3 × 10 −6 mol/cm 

3 and 9.4 × 10 −7 mol/cm 

3 , respectively. The esti-

ated parameters are listed in Table 12 . 

The shrinking core model provides a good fitting of the ex-

erimental results, thus confirming the important contribution of

arbonation reaction to CO 2 sorption on RN2K under the condi-

ions evaluated: 50 °C, atmospheric pressure, feed gas composition

f 14% CO 2 , 84% N 2 and 2% H 2 O and bed initially saturated in wa-

er (RH ≈ 20%). Since 1/ A 1 is two order of magnitude greater than
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Fig. 10. Carbonation conversion of RN2K fitted to shrinking core model: (1) surface 

chemical reaction-controlled and (2) internal diffusion-controlled regions. 

Table 12. Kinetic parameters obtained from shrinking core model. 

Surface chemical reaction-controlled 

region 

Internal diffusion-controlled region 

1/ A 1 
(min −1 ) 

k s r 1/ A 2 
(min −1 ) 

D e r 

1.16 × 10 v2 2.25 × 10 7 0.970 1.93 × 10 −4 6.27 × 10 −5 0.979 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C  

t

A

 

p

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

1/ A 2 , these results corroborate that the carbonation conversion is

mainly dependent on the first stage, the surface chemical reaction,

which is the fastest [31] . 

4. Conclusions 

Potassium-based solid sorbent RN2K was prepared by impreg-

nation with K 2 CO 3 (40%) on activated carbon RN2, a microporous

based biomass carbon produced in our laboratory. Impregnation

of RN2 with potassium carbonate notably reduced the volume of

available porosity for adsorption. The reduction of both the nar-

row pore size and the narrow micropore volume in RN2K caused

a slight decrease in CO 2 uptake when physical adsorption was the

single process involved. This was the case for the dry experiments

feeding CO 2 /N 2 and for the wet experiments feeding CO 2 /N 2 /H 2 O

to a fresh bed of adsorbent. However, it was demonstrated that,

independently of the H 2 O concentration in the feed gas, a constant

relative humidity of 20% in the RN2K bed promoted the carbona-

tion reaction and boosted the CO 2 sorption capacity up to approx-

imately 2 mmol/g at 50 °C and 14 kPa partial pressure of CO 2 . In

addition, RN2K showed outstanding performance on a volumetric

basis due to its higher packing density. 

The kinetics of CO 2 sorption on RN2K where studied from two

approaches: one focused on physical adsorption and the other one

on the carbonation reaction. Avrami’s and Shrinking Core models

suitably fitted the experimental data in each of the two cases. CO 2 

adsorption on RN2K is however faster than carbonation. 

RN2K showed stable performance upon cycling in a fixed-bed

set-up and enhanced CO 2 capture capacity under the evaluated

conditions. However, there is a trade-off between capture capac-

ity and sorption kinetics for the potassium carbonate based car-

bon sorbent: carbonation leads to high capacity at the expense

of slower kinetics whereas physical adsorption proceeds faster but

reaches significantly lower uptakes. This opens the path for the tai-

loring of this material according to the process configuration de-

sign (rapid or slow cycling) and to the targets in CO 2 capture (CO 2 

recovery and purity). Cycles with longer adsorption step will al-

low RN2K to go through carbonation reaction and so attain higher
O 2 uptakes; however, regeneration over extended time will lead

o higher CO 2 recovery but lower purity. 
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