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Abstract 7 

Solid sorbents with enhanced capacity and selectivity towards CO2 are crucial in the 8 

design of an efficient capture process. Among the possible alternatives, K2CO3-doped 9 

activated carbons have shown high CO2 capture capacity and rapid carbonation reaction 10 

rate. In this work, a sustainable and low-cost approach is developed with a biomass-based 11 

activated carbon or biocarbon as support. The CO2 capture performance in cyclic 12 

sorption-desorption operation and the sorption kinetics have been investigated under 13 

different scenarios in a purpose-built fixed-bed set-up. Independently of the H2O 14 

concentration in the flue gas, a constant relative humidity (~20%) in the K2CO3-doped 15 

biocarbon bed promoted the carbonation reaction and boosted the CO2 sorption capacity 16 

(1.92 mmol/g at 50 °C and 14 kPa partial pressure of CO2). Carbonation is slower than 17 

physical adsorption of CO2 but wise process design could tune the operation conditions 18 

and balance capture capacity and sorption kinetics. 19 

Keywords:  Biocarbon; K2CO3; CO2 sorption; Humid flue gas 20 

1. Introduction 21 

Carbon dioxide (CO2) is the dominant greenhouse gas (GHG), accounting for at 22 

least 60% of all GHG emissions, and it is an essential component of the global carbon 23 

cycle [1]. CO2 is produced in large quantities as a result of fossil fuel use in power 24 

generation and industry. Fossil fuel-fired power plants are the main source of carbon 25 

dioxide emissions worldwide, contributing to approximately 40% of total global 26 

emissions. Coal-fired power plants alone contribute to approximately 70% of the 27 

emissions from fossil fuel-fired power plants [2]. 28 

Therefore, it is becoming increasingly urgent to develop efficient carbon capture 29 

technologies for controlling the CO2 emissions from fossil fuel combustion at point 30 

sources like, thermal power plants and steam generators. Post-combustion technologies 31 
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can be retrofitted to existing facilities and, therefore, are convenient to be deployed at 32 

large scale in a short time frame. Hence, post-combustion CO2 capture can offer an 33 

interim solution for CO2 removal from combustion flue gases, until new clean energy 34 

generation technologies emerge [3]. 35 

Under the low CO2 partial pressure conditions found, for instance, in post-36 

combustion flue gases the absorption/stripping process, using amine solutions such as 37 

monoethanolamine (MEA), is regarded as the most mature commercialized technology 38 

[4]. However, this technology presents several drawbacks that include high energy 39 

consumption, toxicity due to losses of the solvent, corrosion of the equipment, etc. 40 

Adsorption-based technologies for CO2 capture entail a viable alternative due to their 41 

potential to be more energy efficient than chemical absorption. 42 

In any adsorption-based process, adsorbate molecules are separated selectively 43 

from a gas mixture by means of a sorbent wherein the type of bonding involved depends 44 

on the pair adsorbate-sorbent. In this regard, CO2 sorption can take place by means of 45 

physisorption, chemisorption, or even a mixture of both.  46 

Flue gas from major CO2 emitters contains less than 15 vol% CO2 at temperatures 47 

above ambient and at atmospheric pressure. Non-CO2 fraction composition is highly 48 

variable, although atmosphere gases are dominant. Water vapor, particularly, is a 49 

nuisance to capture CO2 given the high concentration in the flue gas. It is therefore fair 50 

to say that most capture research efforts should be directed towards wet streams [1]. 51 

To accomplish the design of an efficient adsorption process it is mandatory to 52 

develop a proper adsorbent depending on the features of the gas streams to be treated. 53 

Designing an adsorbent for CO2 capture under industrially acceptable standards focuses 54 

on the following attributes: (1) high CO2 uptake, (2) high selectivity to CO2, (3) 55 

cyclability over at least 1000 cycles, (4) fast kinetics, (5) stability in water vapor and 56 

acidic gases, and (6) the adsorbent should be produced at a low cost [1].  57 

The capacity of conventional microporous adsorbents to adsorb CO2 decreases in 58 

wet atmospheres and at temperatures higher than 40 °C, which makes their use inefficient 59 

[5]. At low pressures and in physisorption based solids, H2O competes with CO2 for the 60 

adsorption sites, leading to loss in uptake capacity [1]. 61 
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Recently, it has been reported that dry regenerable alkali metal-based sorbents can 62 

be used to capture CO2 in flue gas from fossil fuel-fired power plants [6]. In this context, 63 

water aids the capture of CO2 by acting as a solvent and catalyst during bicarbonate 64 

formation. Thus, for such sorbents, both physisorption and chemisorption occur onto the 65 

surfaces of the sorbent and the alkali, respectively.  66 

Among the various kinds of alkali metal-based sorbents [7–10], K2CO3 doped AC 67 

(activated carbon) has shown high CO2 capture capacity and rapid carbonation reaction 68 

rate [11]. K2CO3 can capture CO2 from flue gas at low temperatures (40–80 °C), forming 69 

potassium bicarbonate (KHCO3) via the carbonation reaction [3]. Thus, it is very 70 

important to control the carbonation reaction rate and to tune the CO2 absorption capacity 71 

of these sorbents in order to design a suitable dry regenerable sorbent for CO2 capture [6].  72 

With this regard, K2CO3 doped biomass-based AC is proposed herein as a 73 

promising candidate for CO2 capture at low temperature (50 °C) under humid flue gas 74 

conditions. The use of a biomass-based activated carbon or biocarbon as support, scarcely 75 

reported in literature, constitutes a novel, sustainable and low-cost approach. To address 76 

the potentiality and applicability of the K-doped biocarbon produced, the CO2 capture 77 

behaviors, performances in eight consecutive CO2 sorption-desorption cycles, and 78 

sorption kinetics of both the AC support and the K2CO3/AC in a simulated flue gas 79 

atmosphere have been investigated in a purpose-built fixed-bed unit. Further insights have 80 

been focused into the effects of water pretreatment and the carbonation reaction pathways 81 

of K2CO3/AC for CO2 capture.  82 

2. Experimental 83 

2.1. Sorbent preparation 84 

Activated carbon RN2 previously produced in our laboratory departing from olive 85 

stones in a single-step CO2 activation procedure [12] was selected as carbon support. This 86 

activated carbon is in granular form with average particle size of ~1–2 mm. 87 

Anhydrous alkali metal carbonate, K2CO3 (Sigma Aldrich, ACS Reagent, ≥88 

99.0%) was used as received for carbon impregnation. The dry potassium-based carbon 89 

sorbent was prepared through an impregnation method adapted from Guo et al. [13]. The 90 

preparation protocol was as follows: 5.0 g of activated carbon (RN2) were added to an 91 

aqueous solution containing 2.5 g of K2CO3 in 25 cm3 of distilled water. It corresponds 92 
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to an impregnation ratio of 40% that has been identified as optimum [8]. Then, the content 93 

was mixed with a magnetic stirrer for 15 h at room temperature. After stirring, the mixture 94 

was dried in an air oven at 105 °C during 3.5 h. The dried sample was calcined in a 95 

furnace, at a slow heating rate of 5 °C/min up to 300 °C, under N2 flow (100 cm3/min) 96 

and a soaking time of 2 h was set. The resulting sample is named after RN2K, where K 97 

stands for the K2CO3 impregnation. 98 

2.2. Sorbent characterization 99 

2.2.1. Pore structure characteristics 100 

The porous structure of the parent activated carbon (RN2) and the potassium-101 

based carbon (RN2K) was assessed prior to the CO2 sorption–desorption experiments. 102 

The porosity of the activated carbons was fully characterized by means of physical 103 

adsorption of N2 at −196 °C, in a Micromeritics ASAP 2010, and adsorption of CO2 at 104 

0 °C, in a Micromeritics TriStar 3000. Helium density and apparent density were measured 105 

in an Accupyc 1330 at 35 °C and in a Micromeritics Autopore IV 9500 mercury porosimeter 106 

at 0.1 MPa, respectively. The samples were outgassed at 100 °C under vacuum overnight 107 

prior to all the measurements.  108 

The use of both adsorbates, N2 and CO2, provides complementary information 109 

about the porous texture of the samples: the adsorption of CO2 at 0 °C and up to 110 

atmospheric pressure is restricted to pores narrower than 1 nm, whereas N2 adsorption at 111 

−196 °C covers wider pore sizes but presents diffusion limitations in the narrower pores. 112 

A summary of the methodology followed in the textural characterization is included in 113 

Table 1. 114 

  115 
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Table 1. Textural characterization performed from physical adsorption of N2 at −196 °C 116 

and of CO2 at 0 °C 117 

Textural parameters   

Total pore volume Vp Amount of N2 adsorbed at a relative pressure of 0.99 

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

Micropore volume W0 N2 isotherms: Dubinin-Radushkevich (DR) equation 

assuming a density of the adsorbed phase of 

0.808 cm3 g−1 and a cross sectional area of 0.162 nm2 

[15]; CO2 isotherms: Dubinin-Astakhov (DA) 

equation assuming a density of the adsorbed phase of 

1.023 cm3 g−1 and a cross sectional area of 0.187 nm2 

[16]; E0, characteristic energy, and n, exponent in the 

DA equation, only depends on the micropore system. 

Micropore surface 

area 

SDR 

Average micropore 

width 

L0 Stoeckli-Ballerini equation [17] 

Pore size 

distribution 

PSD Quenched Solid State (QSDFT) for N2 isotherms and 

Non-local Density (NLDFT) Functional Theory for 

CO2 isotherms, assuming slit pore model. 

2.2.2. Scanning electron microscopy (SEM) 118 

The success of the impregnation method and the distribution of K2CO3 onto the 119 

carbon precursor is another important parameter to be assessed. The particle morphology 120 

and composition of RN2K was examined by scanning electron microscopy with energy 121 

dispersive X-ray spectroscopy (SEM/EDX) in a Quanta FEG 650 equipped with an 122 

Ametek-EDAX analyzer (detector: Apollo X). The SEM images were taken at a 123 

magnification of 1500 and at 25 kV. 124 

2.3. CO2 sorption behavior of the sorbents  125 

Single CO2 sorption (breakthrough) and cyclic CO2 sorption−desorption 126 

experiments of the studied solid sorbents were performed in a purpose-built fixed-bed 127 

unit thoroughly described elsewhere [18–23]. 128 

A simulated flue gas (total flowrate of 140 cm3/min) composed of 14% CO2, 129 

balance N2, was fed to a bed at 50 °C and atmospheric pressure. Experiments in the 130 

presence of a stream of H2O(v) (0.14 g/h) in addition to CO2 and N2 were also conducted 131 

in order to assess the role of water vapor in the CO2 sorption process from flue gas.  132 

The total flowrate (140 cm3/min), pressure (130–140 kPa) and adsorption 133 

temperature (50 °C) were maintained constant in all fixed-bed experiments. Desorption 134 
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was carried out at 70 °C and applying a light vacuum of 10 kPa, simulating vacuum-135 

temperature swing adsorption (VTSA) operation in the cyclic experiments.  136 

The characteristics of the beds of the two carbons evaluated are presented in Table 137 

2. 138 

Table 2. RN2 and RN2K bed characteristics. 139 

Bed Characteristics RN2 RN2K 

Mass of adsorbent  (g) 4.39 5.19 

Total porosity   ̶ 0.87 0.81 

Helium density (g/cm3) 2.10 2.10 

Apparent density (g/cm3) 0.50 0.72 

Bed diameter (cm) 1.30 1.30 

Bed height (cm) 11.90 10.00 

Bed density (g/cm3) 0.28 0.39 

2.3.1. Cyclic fixed-bed operation 140 

CO2 sorbents should be easy to regenerate and should keep its performance with 141 

cycling. Thus to evaluate the performances to separate CO2 from simulated flue gas 142 

streams over multiple cycling, the activated carbons (ACs) were subjected to eight 143 

consecutive sorption-regeneration cycles. Each experimental run involved the following 144 

steps: preconditioning, sorption and regeneration. A detailed description is presented 145 

elsewhere [23]. 146 

Humidity contained in the flue gases negatively affects the CO2 adsorption 147 

capacity of ACs due to their high affinity to moisture; however, the presence of water 148 

vapor is essential to form potassium bicarbonate from dry regenerable alkali metal-based 149 

sorbents upon reaction with CO2 [24]. Thus, a different mechanism of interaction with 150 

CO2 is expected for the two activated carbons under evaluation, particularly when 151 

assessed in wet conditions. To study the influence of water vapor in CO2 sorption and 152 

evaluate the stability of the performances, RN2 and RN2K were subjected to other eight 153 

consecutive sorption–desorption cycles. The experimental runs included the same steps 154 

as in the dry cases but during the adsorption step a ternary mixture consisting of 14% 155 

CO2/ 84% N2/ 2% H2O was fed to the bed [23].  156 

It is important to note that before each experiment the sorbent bed was dried by 157 

flowing N2 (140 cm3/min) for 60 min at 150 °C and atmospheric pressure. 158 

  159 
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2.3.2. Breakthrough experiment in water vapor pre-saturated bed 160 

As explained above in Section 2.3.1 the presence of moisture in the flue gas stream 161 

leads to a decrease in the CO2 adsorption capacity of an activated carbon due to co-162 

adsorption of H2O but it is mandatory to the carbonation process of dry regenerable alkali 163 

metal-based sorbents. Therefore, to evaluate the effect of H2O on CO2 sorption 164 

performance, breakthrough non-cyclic experiments feeding a ternary gas mixture 165 

composed of 14% CO2/ 84% N2/ 2% H2O were carried out over extended time (several 166 

hours) till saturation of the bed with H2O.  167 

Since high concentrations of water vapor are beneficial for improving the 168 

carbonation reaction activity, a way suggested to reach effective CO2 sorption 169 

performance is to increase the carbonation conversion and reaction kinetics including 170 

water pretreatment prior to CO2 sorption [25,26]. To investigate the effect of this 171 

pretreatment, the bed was initially saturated with H2O by feeding a gas stream containing 172 

98% N2 and 2% H2O. Afterwards, ternary CO2/N2/H2O breakthrough curves (non-cyclic 173 

experiments) were obtained similarly to the long experiments with a fresh bed.  174 

2.4. Theory/calculation 175 

The design of a sorption process is not fully addressed with equilibrium data; 176 

sorption kinetics are also required. 177 

2.4.1. CO2 adsorption kinetics 178 

In physical-based sorption, commonly denoted as adsorption, diffusion of 179 

adsorbate molecules into the adsorbent particles is the rate controlling step.  180 

To describe the adsorption process quantitatively and identify the adsorption 181 

mechanism, a number of adsorption kinetic models have been developed [27]. Based on 182 

a previous work [28], two models will be considered herein to describe the CO2 183 

adsorption behavior of RN2 and RN2K under the different moisture conditions evaluated: 184 

pseudo-first-order [29] and Avrami´s fractional [30] models. 185 

Table 3 shows the list of equations associated to these kinetic models, where t is 186 

the time elapsed from the beginning of the adsorption process, 𝑞t (mmol/g) is the amount 187 

adsorbed at a given time, 𝑞e (mmol/g) represents the amount adsorbed at equilibrium, 𝑘f 188 

(min-1) is the pseudo-first-order rate constant, 𝑘A (min-1) is the Avrami’s kinetic constant 189 

and 𝑛A is the Avrami’s exponent. 190 
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Table 3. Adsorption kinetics models. 191 

Kinetic model Equation Differential form 

Pseudo-first order 𝑞t = 𝑞e(1 − e−𝑘f𝑡) 
𝐝𝒒𝐭

𝐝𝒕
= 𝒌𝐟 (𝒒𝐞 − 𝒒𝐭) 

Avrami 𝑞t = 𝑞e(1 − e(−(𝑘A𝑡)𝑛𝐴)) 
𝐝𝒒𝐭

𝐝𝒕
= 𝒌𝐀

𝒏𝑨  𝒕𝒏𝑨−𝟏(𝒒𝐞 − 𝒒𝐭) 

Furthermore, to measure the discrepancy between the measured data and the 192 

predictions from the model, the sum of squared errors (SSE) [25] and the coefficient of 193 

determination (R2) [27,28] were estimated. Equations are shown in Table 4, where 𝒒𝐭,𝐞𝐱𝐩 194 

and 𝒒𝐭,𝐩𝐫𝐞𝐝 are the experimentally measured and model-predicted adsorption capacities, 195 

respectively, N is the number of experimental data points for each sample and p is the 196 

number of parameters of the model. 197 

Table 4. Goodness of fitting of the kinetic models 198 

 equation. 

Sum of squared errors (SSE) SSE(%) = √
∑(𝑞t,exp − 𝑞t,pred)2

𝑁
× 100 

Coefficient of determination (R2) 𝑅2 = 1 − (
∑ (𝑞t,exp − 𝑞t,pred)2𝑁

𝑖=1

∑ (𝑞t,exp − 𝑞t,exp̅̅ ̅̅ ̅̅ ̅)2𝑁
𝑖=1

) (
𝑁 − 1

𝑁 − 𝑝
) 

2.4.2. CO2 sorption kinetics  199 

CO2 capture on potassium-based sorbents is more likely to be a chemical-sorption 200 

based process, which involves the reaction with CO2 to form bicarbonate. During this 201 

sorption process, adsorption and carbonation co-exist [7]; diffusion of CO2 to the surface 202 

and into the pores, reaction with the active sites and formation of a layer of compact 203 

products are the main steps [25]. Thus, with the aim of studying the kinetics of CO2 204 

sorption on RN2K, the Shrinking Core Model (SCM) was adopted to correlate the 205 

experimental data [31]. The basis of the SCM establishes that the solid is non-porous and 206 

it is initially surrounded by a fluid film through which mass transfer occurs between the 207 

solid particle and the bulk of the fluid. As the reaction proceeds, a layer of product (i.e., 208 

potassium bicarbonate) forms around the unreacted core. The solid particle is assumed to 209 

be spherical and it reacts with the fluid isothermally. Besides, the concentration of the 210 

reacting fluid is supposed to be constant or in excess [32]. 211 
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Table 5 shows the list of equations associated to the SCM when applied to CO2 212 

sorption on K2CO3 doped materials, where q (mmol/g) is the total amount of CO2 213 

captured, 𝑞p  (mmol/g) is the amount of physically adsorbed CO2 at a given 214 

time, 𝑀K2CO3
 is the molecular mass of K2CO3 (g/mol), 𝛽 represents the K2CO3 loading in 215 

the sorbent (being 1 for pure potassium carbonate), 𝑅 (cm) is the radius of the particle, 𝑘s 216 

is the reaction rate constant per unit of reaction interface, 𝐶0
CO2

 (mmol/cm3) and 217 

𝐶0
H2O  (mmol/cm3) are the initial concentrations of CO2 and H2O, respectively, 218 

𝐶0
K2CO3

 (mmol/cm3) is the initial concentration of K2CO3 and 𝐷e  is the diffusion 219 

coefficient for H2O in the product layer. The specific derivation of the expression can be 220 

found elsewhere [31]. 221 

Table 5. Shrinking core model equations. 222 

Parameters Equation 

Carbonation 

conversion of the 

sorbent 
𝜂 =

(𝑞 − 𝑞p) × 𝑀K2CO3

𝛽 × 1000
× 100% 

Global reaction rate 
𝑡 =

𝑅

𝑘s𝐶0
CO2

𝐶0
H2O

(1 − (1 − 𝜂)
1
3) +

𝐶0
K2CO3

 𝑅2

6𝐷e𝐶0
H2O

(1 − 3(1 − 𝜂)
2
3

+ 2(1 − 𝜂)) 

Surface chemical 

reaction- 

controlled region 
𝑡 = 𝐴1 𝑔(𝜂) 

 𝑔(𝜂) = 1 − (1 − 𝜂)
1
3 

 𝐴1 =
𝑅

𝑘s𝐶0
CO2

𝐶0
H2O

 

Internal diffusion-

controlled region 
𝑡 = 𝐴2 𝑃(𝜂) 

 𝑃(𝜂) = 1 − 3(1 − 𝜂)
2
3 + 2(1 − 𝜂) 

 𝐴2 =
𝐶0

K2CO3
 𝑅2

6𝐷e𝐶0
H2O

 

3. Results and discussion  223 

3.1. Adsorbents characterization 224 

3.1.1. Pore structure characteristics 225 

The N2 adsorption isotherms at −196 °C of the carbons are shown in Fig. 1(a). 226 

Both activated carbons presented type I adsorption isotherms, according to IUPAC 227 
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classification, characteristic of microporous materials. As previously explained elsewhere 228 

[12], from the open elbow in the low pressure range of the N2 adsorption isotherm on 229 

RN2, it is deduced that this activated carbon possesses both narrow and wider 230 

microporosity. Wider micropore size distribution is suitable to impregnate an activated 231 

carbon. On the other hand, RN2K shows an isotherm with a slightly sharper elbow than 232 

RN2 that suggests narrower pore size distribution (PSD). Moreover, micropore size 233 

distribution slightly shifts to smaller micropores after impregnation (see Fig. 1b).  234 

(a) 

  

(b) 

 

Fig. 1. (a) N2 adsorption isotherms at −196 °C and (b) N2 adsorption QSDFT PSD of 235 

RN2 ACs. 236 

The CO2 adsorption isotherms of the samples at 0 °C are represented in Fig. 2(a). 237 

Comparison of the volumes adsorbed of both adsorbates, N2 and CO2, gives an indication 238 

of the micropore ratio in each sample. Both activated carbons show similar PSD in the 239 

narrow microporosity domain (Fig. 2b). Table 6 summarizes the textural parameters 240 

estimated from the adsorption isotherm data.  241 

(a) 

 

(b) 

 

Fig. 2. (a) CO2 adsorption isotherms at 0 °C and (b) CO2 adsorption NLDFT PSD of 242 

RN2 ACs. 243 
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The impregnation of RN2 with potassium carbonate notably reduces the volume 244 

of available porosity for N2 and CO2 adsorption. Micropore surface areas (Smi) estimated 245 

from both N2 and CO2 isotherms decrease 26% and 22%, respectively, while reduction in 246 

micropore volumes (W0) accounts for 37% and 32%, respectively.  247 

RN2K shows an average narrow micropore size of 0.69 nm, which has been 248 

pointed out as very suitable for CO2 adsorption at post-combustion capture conditions 249 

[33–39]. However, even though it has been demonstrated that pore size governs CO2 250 

adsorption at low pressures [33–37], the reduction of the narrow micropore volume 251 

(W0,CO2) certainly penalizes the adsorption of CO2 on RN2K. 252 

Table 6. Textural parameters of the RN2 ACs as estimated from the N2 and CO2 253 

adsorption isotherms. 254 

Sample 
N2 Adsorption (−196 °C)  CO2 Adsorption (0 °C) 

Vp 
1 SBET 2 W0 

1 E0 
3 L0 

4 Smi 
2  n W0 

1 E0 
3 L0 

4 Smi 
2 

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 
1V, W in cm3/g; 2S in m2/g; 3E0 in kJ/mol; 4L0 in nm. 255 

Therefore, it can be inferred that impregnation with K2CO3 tends to block the 256 

porosity of the parent carbon to some extent, reducing notably the capacity to adsorb N2 257 

and CO2. This blockage largely occurs on the wider micropores (see Fig. 1b) and it has 258 

been attributed by Hayashi et al. [8] to the hydrophobicity of the carbon surface that repels 259 

droplets of aqueous potassium carbonate that move toward the wider end of the pore 260 

space.  261 

3.1.2. Scanning electron microscopy (SEM) 262 

To gather more insights into the characteristics of RN2K it was analyzed by 263 

SEM/EDX to assess the effect of impregnation with K2CO3. 264 
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  265 

Fig. 3. SEM image of the impregnated carbon RN2K. 266 

Fig. 3 shows the morphology of RN2K characterized by small white aggregates 267 

with average sizes of less than 10 μm that are homogeneously dispersed in the carbon 268 

structure. These white aggregates correspond to K2CO3 as confirmed by EDX analysis 269 

(inset in Fig. 3). EDX shows high intensity potassium peak in carbon RN2K but also 270 

indicates the presence of lower intensities of C and O in the sorbent. 271 

3.2. CO2 sorption performance of the RN2 ACs 272 

3.2.1. Cyclic fixed-bed operation 273 

Stability of a CO2 sorbent in long-term cyclic operation is crucial. Thus to evaluate 274 

the performances of RN2 and RN2K in multiple cycle operation, different scenarios were 275 

considered: separation of CO2 from CO2/N2 and from CO2/N2/H2O gas streams. The CO2 276 

sorption capacities of RN2 and RN2K during 8 consecutive cycles of sorption-277 

regeneration were compared. The sorbents were allowed to reach CO2 saturation 278 

(maximum sorption capacity) during the sorption step and they were practically fully 279 

regenerated during the desorption step. Under humid conditions, H2O sorption was also 280 

evaluated. 281 

A mass balance was applied to the bed in each sorption–desorption cycle to 282 

calculate the specific amount of CO2 retained in the bed and the holdup of the gas phase 283 

was discounted applying correction factors. Detailed information about the calculation 284 

procedure can be found in ref. [19]. H2O sorption is significantly slower than CO2; 285 

however, a similar calculation procedure was followed to estimate the total amount of 286 

H2O uptake at the time when the bed reached saturation in CO2. 287 

Fig. 4 plots the CO2 and H2O adsorption capacities of RN2 for the eight 288 

consecutive cycles during the binary (CO2/N2) and ternary (CO2/N2/H2O) experiments. 289 
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(a) 

  
(b) 

 

Fig. 4. Adsorption capacities of RN2 in multiple cycles: (a) CO2/N2 and (b) CO2/N2/H2O 290 

experiments. 291 

As can be seen from Fig. 4(a), the CO2 adsorption capacity of RN2 is maintained 292 

over the eight consecutive cycles (0.65 mmol/g in cycle 1 and 0.62 mmol/g in cycle 8), 293 

indicating that the sorbent keeps considerable long-term working stability and cyclability. 294 

The same trend is observed for H2O adsorption (Fig. 4b) with the exception of the first 295 

cycle. It has to be borne in mind that the bed is fully regenerated at the beginning of the 296 

first cycle and H2O adsorption and desorption are significantly slower. This implies that 297 

H2O is not fully removed from the bed at the beginning of each intermediate cycle. Thus, 298 

for comparative purposes among the different experiments, the capture capacity was 299 

evaluated hereafter as an average of the sorption performance over the last five cycles 300 

(cycles 4 to 8) in which concentrations of both CO2 and H2O can be considered stable 301 

[23]. Results are shown in Table 7 for samples RN2 and RN2K. 302 
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Table 7. CO2 and H2O sorption capacities (average 4–8 cycles) 304 

Sample Feed gas 
CO2 sorption capacity  H2O sorption capacity  

(mmol/g) (mmol/g) 

RN2 
CO2/N2 0.63 ̶ 

CO2/N2/H2O 0.52 0.53 

RN2K 
CO2/N2 0.50 ̶ 

CO2/N2/H2O 0.41 0.53 

Despite the doping with potassium carbonate, sample RN2K exhibits a much 305 

lower CO2 uptake (reduction of 21% on average for the experiments under dry and wet 306 

conditions) when compared to RN2. This could be expected for the experiments in dry 307 

conditions where the textural properties of the carbon play a significant role, due to 308 

prevalence of physical adsorption, and the impregnated sample needs to offset the 309 

substantial reduction in micropore volume. However, the sorption capacities from the 310 

ternary experiments (CO2/N2/H2O) revealed that the presence of moisture penalized the 311 

CO2 uptakes of both carbons similarly. This phenomenon could be a result of the 312 

combination of the following two factors: the different kinetics of sorption of CO2 and 313 

H2O and, most importantly, the absence of carbonation reaction due to a low H2O/CO2 314 

ratio (1:6) [6] or to insufficient relative humidity during the cycles [11,38]. For this 315 

reason, further experiments were conducted in the presence of water vapor to gain more 316 

insights into the role of water vapor on CO2 sorption on RN2K. 317 

3.2.2. Breakthrough experiments in humid conditions 318 

To assess the effect of H2O concentration on carbonation, breakthrough 319 

experiments were carried out over extended time (several hours) feeding a ternary mixture 320 

composed of 14% CO2, 84% N2 and 2% H2O to the bed at 50 °C and atmospheric 321 

pressure. These non-cyclic experiments departed from a fully regenerated sorbent and 322 

reached saturation of the bed with H2O. 323 

  324 
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(a) 

   

(b) 

 

Fig. 5. H2O (a) and CO2 (b) sorption capacities for RN2 and RN2K during breakthrough 325 

experiments. 326 

As can be seen in Fig. 5(a), the H2O profiles took longer times to break through 327 

the bed: 60 and 148 min for RN2 and RN2K, respectively. This difference in adsorption 328 

time is translated into larger H2O sorption capacities for the potassium carbonate based 329 

sorbent RN2K (113% greater capacity than RN2, see Table 8).  330 

Despite the sharp increase in H2O uptake, CO2 broke through the bed in the first 331 

minutes of the experiment (~ 2 min), as can be observed in Fig. 5(b), and the CO2 sorption 332 

capacities remained unaltered for both carbons, showing the same value as that previously 333 

reported for cycle 1 of the multiple cycle experiments with a ternary gas mixture (Table 334 

8). 335 

Table 8. CO2 and H2O sorption capacities in humid breakthrough experiment. 336 

Sample 
CO2 sorption capacity  H2O sorption capacity  

(mmol/g) (mmol/g) 

RN2 0.62 1.92 

RN2K 0.49 4.09 

This result corroborates the performance of the parent carbon RN2 in multiple 337 

cycling, where only physical adsorption of CO2 was observed. However, a different 338 

pattern would have been expected for the potassium carbonate based sorbent, RN2K, 339 

given that the bed was allowed to reach saturation in H2O. 340 

Chemical sorption of CO2 on potassium carbonate based solid sorbents rely on the 341 

carbonate as the active phase to form potassium bicarbonate (KHCO3) through the 342 

following carbonation reaction (1): 343 
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K2CO3(s) + H2O(g) + CO2(g) ↔ 2KHCO3(s) (1) 

However, CO2 sorption does not take place straightaway via reaction 1, the 344 

following reaction steps may coexist [39]:  345 

K2CO3(s) + 1.5H2O(g) ↔ K2CO3 ∙ 1.5H2O(s) (2) 

K2CO3 ∙ 1.5H2O(s) + CO2(g) ↔ 2KHCO3(s) + 0.5H2O(g) (3) 

2K2CO3(s) + 2.5H2O(g) + CO2(g) ↔ K4H2(CO3)3∙ 1.5H2O(s)  (4) 

K4H2(CO3)3 ∙ 1.5H2O(s) +  CO2(g) ↔ 2KHCO3(s) + 0.5H2O(g)  (5) 

Jayakumar et al. [3] have confirmed that the carbonation and hydration reactions 346 

of K2CO3 (Eqs. 1 and 2, respectively) occur as competing reversible and parallel reactions 347 

in a simulated flue gas atmosphere, whilst reaction (3) does not occur or is negligible. In 348 

reaction (4),  K4H2(CO3)3∙ 1.5H2O(s) is an additive combination or a partial dissolution 349 

of 2KHCO3(s) in K2CO3 ∙ 1.5H2O(s) that requires both H2O and CO2 to form.  350 

On the other hand, it has been previously reported that the CO2 concentration has 351 

much lesser effect on the carbonation reaction paths than the H2O concentration [6,11,40]. 352 

Zhao et al. reported that the carbonation rate for  K4H2(CO3)3∙ 1.5H2O(s) is higher than 353 

that of K2CO3 ∙ 1.5H2O(s)  and so the hydration reaction is considered as the rate-354 

controlling step for the CO2 sorption process [11,41]. Moreover relative humidity in the 355 

bed plays a very important role, it needs to reach a sufficient level to prevent the reversal 356 

transformation of the active species to the original phase, K2CO3 [11,26]. 357 

Taking into consideration the aforementioned, the theoretical water uptake as per 358 

1 g of RN2K calculated from Eq. (1) is 4.44 mmol/g. The experimental water uptake 359 

calculated from the breakthrough experiments reached 4.09 mmol/g where 1.59 mmol/g 360 

might correspond to physical adsorption of water on RN2K. The latter value is calculated 361 

departing from the uptake of the parent carbon RN2 (see Table 8) and subtracting the 362 

water vapor adsorption difference between RN2 an RN2K (~ 17%) as estimated from the 363 

first cycle of the wet cyclic experiments. Hence around 2.50 mmol/g of H2O represent the 364 

amount of water available to convert K2CO3 into the intermediate K2CO3 ∙ 1.5H2O(s). 365 

This value only accounts for half (56%) of the theoretical value and, consequently, it may 366 

be insufficient to allow  K4H2(CO3)3∙ 1.5H2O(s) formation (Eq. (4)).  367 

During the breakthrough non-cyclic experiment, the relative humidity does not 368 

remain constant. It increases up to saturation of the bed in H2O and so does the water 369 
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uptake. The maximum relative humidity achieved in the gas phase was around 20%. For 370 

approximately 160 min, the relative humidity in the gas exiting the RN2K bed is 371 

negligible due to H2O being mainly adsorbed on the bed (See Fig. 6). The unavailability 372 

of water vapor hinders the hydration reaction, which is the rate limiting step, and so the 373 

carbonation process does not take place. 374 

   

Fig. 6. Relative humidity and H2O sorption capacity profiles on RN2K. 375 

Thus, we can conclude that due to the low values of H2O concentration in the feed 376 

gas (2 vol%) and the low relative humidity in the bed during the experiment, the 377 

carbonation reaction in the RN2K bed was hindered during the breakthrough experiments. 378 

This conclusion is in agreement with Lee et al. [24], that attributed the deficient 379 

conversion of K2CO3 into K2CO3 ∙ 1.5H2O(s) to the low H2O concentration and to the 380 

equilibrium of absorption and desorption of water at low relative humidity.  381 

3.2.3. Effect of water vapor pre-saturation of the bed on CO2 sorption 382 

As explained in the previous section, carbonation of potassium carbonate based 383 

sorbents proceeds through two main steps: firstly hydration reaction occurs to form 384 

K2CO3 ∙ 1.5H2O(s)  (rate-controlling) and/or  K4H2(CO3)3∙ 1.5H2O(s)  under moist 385 

conditions and, secondly, the intermediates react with CO2 to form KHCO3. Hence, to 386 

investigate the effect of water pretreatment on the CO2 sorption performances of both 387 

activated carbons, ternary CO2/N2/H2O breakthrough non-cyclic experiments were 388 

conducted departing from beds initially saturated with H2O and N2. The H2O and CO2 389 

sorption capacity profiles are plotted in Figures 7a and 7b. 390 
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H2O sorption process follows the same pattern observed in the experiments with 391 

a fully regenerated fresh bed (see Fig. 5).  However, it is apparent that the H2O uptakes 392 

are enhanced for the two carbons due to the absence of CO2 during the saturation stage 393 

that thereby avoids competitive adsorption. It can be noted that the H2O capture capacity 394 

for RN2K has increased very significantly given that the bed took around 1000 min to 395 

reach saturation. On the other hand, the trend in CO2 sorption reversed with respect to the 396 

fresh bed breakthrough experiments: the adsorption capacity of RN2 is reduced due to 397 

co-adsorption of H2O but in the case of RN2K, conditions seem to favor chemical sorption 398 

of CO2 and a significant enhancement in the CO2 uptake is observed. Thus, under these 399 

conditions of saturation in water, RN2K outperforms RN2. 400 

(a) 

   

(b) 

 

Fig. 7. H2O (a) and CO2 (b) sorption capacities for RN2 and RN2K with water vapor 401 

pre-saturation of the bed. 402 

Physical adsorption of water (calculated as explained in section 3.2.2) on RN2K 403 

accounts for 1.73 mmol/g. As the theoretical value for water absorption as per 1 g of 404 

RN2K is 4.44 mmol/g and the total sorption capacity of the potassium based carbon is 405 

7.09 mmol/g (see Table 9), there is a 13% excess water. Thus, it can be deduced that the 406 

potassium carbonate present in RN2K has been converted to K2CO3 ∙ 1.5H2O [11,26,39].  407 

Table 9. H2O and CO2 sorption capacities in saturated beds. 408 

Sample 
CO2 sorption capacity  H2O sorption capacity  

(mmol/g) (mmol/g) 

RN2 0.47 2.09 

RN2K 1.92 7.09 
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The CO2 adsorption capacity of RN2 has reduced in a 24% with regards to the 409 

experiment without pretreatment (Section 3.2.2). The CO2 capture capacity of RN2K 410 

rapidly increased to 1.72 mmol/g (~17 min) and then slowly approached the maximum 411 

value of 1.92 mmol/g. This means that the vast majority of the sorption capacity of RN2K 412 

at these conditions relies on chemisorption in the K2CO3 phase. In amine scrubbing 413 

processes where a solution with 30 wt.% monoethanolamine (MEA) is frequently used 414 

[42–45], CO2 absorption capacity expressed as the difference between rich and lean 415 

solvent loadings is of about 1.23 mmol CO2/g solution [42,43]. Thus, the uptake capacity 416 

of RN2K surpasses in around 56% the outstanding capacity attributed to chemical 417 

absorption in amine-based solvents. Regarding other K-based sorbents, Lee et al. 418 

[26,46,47] attained a CO2 capture capacity of 1.95 mmol/g for sorbent KACI30 at 60 °C 419 

(feed gas composition: 9 vol% H2O, 1 vol% CO2) whilst Guo et al. [25] obtained a CO2 420 

uptake of 1.18 mmol/g for KACI15 at 20 °C (feed gas composition: 2 vol% H2O, 1 vol% 421 

CO2). Even though the testing conditions selected in these works differ from those in this 422 

study, the reported CO2 uptakes corroborate the great performance of RN2K. 423 

Despite that the H2O concentration is not changed in the two sets of breakthrough 424 

experiments (2 vol% H2O in the feed gas for both the fresh and the pre-saturated bed 425 

experiments), the reason for the existence of carbonation is that water vapor pretreatment 426 

increases the relative humidity in the bed of RN2K up to 20% and this value remains 427 

constant from the beginning of the experiment whilst CO2 sorption is taking place. With 428 

water vapor pretreatment, the relative humidity in the bed is enough to allow hydration 429 

of K2CO3 to K2CO3 ∙ 1.5H2O . In environments of extremely high relative humidity 430 

K2CO3 will be more likely to be converted into  K4H2(CO3)3∙ 1.5H2O during the 431 

carbonation process as shown in Eq. (4) [11,24,26,48,49]. Thus, controlling water 432 

pretreatment is crucial in the performance of RN2K as CO2 sorbent: once K2CO3 ∙433 

1.5H2O  is formed, the relative humidity needs to be high enough to prevent the 434 

transformation back from K2CO3 ∙ 1.5H2O to the original phase, K2CO3, and to proceed 435 

with the carbonation reaction. 436 

3.3. Volumetric CO2 uptake capacity 437 

The foregoing discussion evidences that the potassium carbonate based carbon 438 

RN2K shows an outstanding CO2 performance under conditions of saturation in H2O; 439 

meanwhile RN2 shows better behavior in dry conditions. CO2 uptakes were reported in 440 

mass basis but it is nevertheless important to address them in volume basis, especially for 441 
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post-combustion capture applications wherein reduction of the carbon footprint is a major 442 

challenge. In such scenario, the CO2 uptake per given space (volume) occupied by the 443 

adsorbent (i.e., volumetric uptake) must be maximized [38]. CO2 volumetric capacities 444 

of both activated carbons have been calculated departing from the uptake capacities 445 

presented previously and the bed densities shown in Table 2. 446 

Table 10. CO2 volumetric capacities of the support RN2 and the impregnated sample 447 

RN2K when feeding CO2/N2/H2O to the bed. 448 

Sample Experiment Bed initial conditions 

CO2 volumetric 

capacity  

(mmol/cm3) 

RN2 

Multicycle, average 

4-8 

Fresh bed-not fully 

regenerated in cycling 
0.14 

Breakthrough 

experiment 

Fresh bed-H2O 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-H2O saturation 0.19 

Water pretreatment 0.75 

The volumetric uptakes reported in Table 10 clearly indicate that RN2K 449 

outperforms RN2 under all the humid conditions evaluated. This is mainly ascribed to its 450 

higher packing density (0.39 g/cm3). Moreover, an uptake of 0.75 mmol CO2/cm3 can be 451 

considered outstanding for a solid sorbent at 50 °C and a CO2 partial pressure of ~14 kPa. 452 

Previous results reported for other adsorbents derived from pine sawdust (0.30 mmol 453 

CO2/cm3) [50] and spent coffee grounds (0.34 mmol CO2/cm3) [51] at 50 °C and CO2 454 

partial pressures of ~10 and 15 kPa, respectively, corroborate this statement. 455 

3.4. CO2 adsorption kinetics 456 

To gain more insights on how the presence of water vapor can modify the kinetics 457 

of CO2 adsorption on RN2 and RN2K, cycle I of the binary and ternary multicycle 458 

experiments have been assessed. Two kinetic models were considered: pseudo-first-order 459 

and Avrami´s fractional models.  460 

Fig. 8 shows the qt vs. t plots for RN2 and RN2K under dry and wet conditions 461 

together with the predictions from pseudo-first-order and Avrami´s models (Table 3). 462 
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Both carbons show two-stage adsorption that corresponds to mass transfer resistances to 463 

adsorption [52,53] and to proper surface adsorption that generally is very rapid [53–56]. 464 

(a) 

  

(b) 

 
(c) 

 

(d) 

 

Fig. 8. Experimental and predicted qt vs. t plots for RN2 and RN2K: binary experiments 465 

(a) and (c); ternary experiments (b) and (d) 466 

The values of the kinetic parameters calculated for each model and the 467 

corresponding correlation coefficients (R2) and associated sum of squared errors (SSE 468 

(%)) are listed in Table 11. 469 
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Table 11. Kinetic parameters of pseudo-first and Avrami models under the different 471 

adsorption conditions. 472 

Sample Experiment 

Pseudo-first order Avrami 

𝑘f 

(min−1) 

SSE 

(%) 
R2 

𝑘A 
𝑛A SSE 

(%) 
R2 

(min-1) 

RN2 
CO2/N2 0.58 2.40 0.978 0.53 1.61 0.96 0.996 

CO2/N2/H2O 0.61 2.60 0.974 0.55 1.77 1.28 0.993 

RN2K 
CO2/N2 0.57 1.69 0.983 0.53 1.62 0.18 1.000 

CO2/N2/H2O 0.52 0.96 0.994 0.51 1.20 0.68 0.997 

The pseudo-first-order model has certain limitations in fitting the CO2 adsorption 473 

data on RN2 and RN2K, whilst Avrami’s fractional order model suitably fits the 474 

experimental data from both binary and ternary experiments, and presents the lowest 475 

values of SSE (maximum of 1.28%) and values of R2 close to unity. Therefore, compared 476 

with the pseudo-first order kinetic model, Avrami’s equation seems the most accurate 477 

approach for describing CO2 adsorption kinetics on the carbon adsorbents studied. This 478 

is in agreement with previous studies on the kinetics of CO2 adsorption on biomass based 479 

carbons [28]. In the presence of moisture, Avrami´s exponent (𝑛A) for the support RN2 480 

is higher due to longer contact time of the adsorbate with the adsorbent whilst under the 481 

same conditions this time is reduced for RN2K due to the existence of the hydration 482 

reaction represented in Eq. (2) [28,57–61]. This is consistent with values of the kinetic 483 

rate constants (𝑘A) that evidence the different adsorption rates as a function of the contact 484 

time [30]. 485 

The excellent quality of the fit of the Avrami’s model to the experimental data at 486 

low and high surface coverage is most likely associated with its ability to account for 487 

complex reaction pathways [30,57,59]. Moreover, regarding the impregnated carbon 488 

RN2K, Serna-Guerrero et al. [57] also concluded that the best kinetic model for 489 

describing the CO2 capture performance on amine-functionalized mesoporous silica was 490 

Avrami’s equation.  491 

3.5. CO2 sorption kinetics: carbonation reaction 492 

Since exponent (𝑛A) is a fractionary number and its result is attributed to multiple 493 

kinetic order of the adsorption procedure [58], and the kinetic rate constant ( 𝑘A ) 494 

encompasses both chemical and physical adsorption [57], the Avrami model is unable to 495 
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explain thoroughly which sorption type is occurring and so does not account for the 496 

carbonation reaction mechanism. SCM is a dedicated model for heterogeneous reaction 497 

on solid particles and might better explain the carbonation reaction on the potassium 498 

carbonate based carbon sorbent. 499 

In Section 3.2.3 it was concluded that RN2K is an excellent CO2 sorbent when 500 

feeding a gas stream composed of 14% CO2, 84% N2 and 2% H2O at 50 °C and 501 

atmospheric pressure while maintaining constant relative humidity (20%) in the bed. The 502 

CO2 sorption capacity for RN2K at these conditions was 1.92 mmol/g (mass basis). 503 

Deducting the contribution from physical adsorption as estimated from the first cycle of 504 

the multicycle experiments under dry conditions (maximum capacity of 0.57 mmol/g) 505 

and considering complete conversion of K2CO3 to KHCO3, the corresponding 506 

carbonation conversion (η) of RN2K could be estimated. A value of 45.5% was obtained 507 

at the end of the experiment (see Fig. 9). 508 

  

Fig. 9. Carbonation conversion of RN2K  509 

The carbonation conversion increases up to 38.9% with a high reaction rate (in 510 

17 min from the start of the experiment) and then increases an additional 6.6% at a much 511 

slower pace (over the following 51 min). Hence, a different mechanism of reaction can 512 

be anticipated for each region: surface chemical reaction control during the first 17 min 513 

and internal diffusion control for the remaining duration of the experiment. Fig. 10 plots 514 

the carbonation conversion functions and the corresponding fittings to the SCM. Data 515 

were fitted independently for the two regions. 516 
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Fig. 10. Carbonation conversion of RN2K fitted to shrinking core model: (1) Surface 517 

chemical reaction-controlled and (2) internal diffusion-controlled regions.  518 

Kinetic parameters can be estimated from the slope and the intercept of the linear 519 

fittings in both regions (See Table 5). Assuming a density of K2CO3 of 2.428 g/cm3 [31], 520 

a value of 1.76×10−2 mol/cm3 is calculated for 𝐶0
K2CO3

. 𝐶0
CO2

 and 𝐶0
H2O  are 521 

5.3×10−6 mol/cm3  and 9.4×10−7 mol/cm3, respectively. The estimated parameters are 522 

listed in Table 12. 523 

Table 12. Kinetic parameters obtained from shrinking core model.   524 

Surface chemical reaction-controlled region  Internal diffusion-controlled region 

1/𝐴1 𝑘s r  1/𝐴2 𝐷e r 

(min−1)    (min−1)   

1.16×10v2 2.25×107 0.970  1.93×10−4 6.27×10−5 0.979 

The shrinking core model provides a good fitting of the experimental results, thus 525 

confirming the important contribution of carbonation reaction to CO2 sorption on RN2K 526 

under the conditions evaluated: 50ºC, atmospheric pressure, feed gas composition of 14% 527 

CO2, 84% N2 and 2% H2O and bed initially saturated in water (RH ≈ 20%). Since 1/𝐴1 is 528 

two order of magnitude greater than 1/𝐴2, these results corroborate that the carbonation 529 

conversion is mainly dependent on the first stage, the surface chemical reaction, which is 530 

the fastest [31]. 531 
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4.  Conclusions 533 

Potassium-based solid sorbent RN2K was prepared by impregnation with K2CO3 534 

(40%) on activated carbon RN2, a microporous based biomass carbon produced in our 535 

laboratory. Impregnation of RN2 with potassium carbonate notably reduced the volume 536 

of available porosity for adsorption. The reduction of both the narrow pore size and the 537 

narrow micropore volume in RN2K caused a slight decrease in CO2 uptake when physical 538 

adsorption was the single process involved. This was the case for the dry experiments 539 

feeding CO2/N2 and for the wet experiments feeding CO2/N2/H2O to a fresh bed of 540 

adsorbent. However, it was demonstrated that, independently of the H2O concentration in 541 

the feed gas, a constant relative humidity of 20% in the RN2K bed promoted the 542 

carbonation reaction and boosted the CO2 sorption capacity up to approximately 543 

2 mmol/g at 50 °C and 14 kPa partial pressure of CO2. In addition, RN2K showed 544 

outstanding performance on a volumetric basis due to its higher packing density. 545 

The kinetics of CO2 sorption on RN2K where studied from two approaches: one 546 

focused on physical adsorption and the other one on the carbonation reaction. Avrami’s 547 

and Shrinking Core models suitably fitted the experimental data in each of the two cases. 548 

CO2 adsorption on RN2K is however faster than carbonation. 549 

RN2K showed stable performance upon cycling in a fixed-bed set-up and 550 

enhanced CO2 capture capacity under the evaluated conditions. However, there is a trade-551 

off between capture capacity and sorption kinetics for the potassium carbonate based 552 

carbon sorbent: carbonation leads to high capacity at the expense of slower kinetics 553 

whereas physical adsorption proceeds faster but reaches significantly lower uptakes. This 554 

opens the path for the tailoring of this material according to the process configuration 555 

design (rapid or slow cycling) and to the targets in CO2 capture (CO2 recovery and purity). 556 

Cycles with longer adsorption step will allow RN2K to go through carbonation reaction 557 

and so attain higher CO2 uptakes; however, regeneration over extended time will lead to 558 

higher CO2 recovery but lower purity. 559 
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Graphical abstract 659 

 

K2CO3 doped biomass-based AC is a promising candidate for CO2 capture at low 660 

temperature (50 °C) under humid flue gas conditions. The use of a biocarbon as support 661 

constitutes a sustainable and low-cost approach.  662 
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