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Abstract 

Keeping the reactivity and stability of CaO-based sorbents along the 

cycles of the Ca-looping process is still a challenge. To increase the 

sorbents sintering resistance, three CaO precursors were dry mixed 

with wastes. The CaO conversion of original and mixed sorbents was 

compared. Coal fly ash and spent Fluidized Catalytic Cracking (FCC) 

wastes were selected due to their silica and alumina composition, as 

the deactivated sorbents can be used for clinker production. The effect 

of steam was also studied.  

The CaO conversion along the carbonation (700°C) and calcination 

steps (800ºC for air and 900°C for CO2 atmosphere) was tested in a 

thermogravimetric analyzer and in a fixed bed reactor using a gas 

mixture of 25% of CO2 balanced in air. The mixed sorbents show 

higher CaO conversions probably due to the physical barrier created 

by the added wastes that prevent the sintering.  

N2 sorption and SEM analysis were performed to study the textural 

and morphologic characteristics of sorbents. 

  

 

Introduction 

The cement industry is one of the world’s largest industrial 

sources of CO2 emissions, accounting for 5-6 % of world’s total 

anthropogenic CO2 emissions [1]. Among the technologies 

developed for CO2 capture, Ca-looping is one of the most 

promising processes for CO2 capture based on the reversible 

chemical reaction between CaO-based sorbents and CO2 to form 

CaCO3. Relevant advantages of the Ca-looping technology 

integration in the cement industry is the use of cement raw 

matter (CaCO3) to capture CO2 before its incorporation in the 

clinker, reducing costs and avoiding the production of wastes 

associated to the carbon capture and storage (CCS), and also the 

possibility of recycling the exhausted spent sorbents as raw 

matter for the clinker, fulfilling the circular economy concept.  

However, avoiding the sorbents deactivation along the 

carbonation-calcination cycles is still a challenge. The use of 

synthetic sorbents [2] with high and stable capture capacity along 

the cycles has been investigated, as well as, the use of marble 

powder wastes rich in CaCO3 [3]. One alternative approach to 

delay the sorbent loss of reactivity and increase the stability, 

consists on the addition of inert materials that will act as 

structural supports and create a physical barrier that prevents 

sintering and aggregation of the CaO nanoparticles. With the 

aim of incorporating the spent sorbents in the clinker production, 

the use of wastes with a high silica and alumina content as the 

spent FCC and coal fly ash [4] wastes is an interesting option. 

Another interesting option to increase the CaO conversion could 

be the use of steam during the Ca-looping. The steam modifies 

the morphology of sorbents and the pore structure appears to 

become more stable. When only CO2 is used during the 

calcination step, a pure stream of CO2 is obtained (relevant for 

CO2 applications), however the sorbent deactivation increases 

due to the use of higher calcination temperatures (> 900ºC). 

 

Objectives 

The main goal of this work is the enhancement of sintering 

resistance of CaO-based sorbents using different CaO precursors  

(commercial CaCO3, natural CaCO3 and Ca(NO3)2.4H2O) 

supported on two different wastes: coal fly ash (CFA)  and spent 

FCC (SFCC). The second objective is identifying the optimal 

sorbent/support ratios. The effects of the steam addition and the 

use of a pure CO2 stream during the calcination step for natural 

CaCO3 are also evaluated. 

 

Methods 

The CaO-precursors were physically dry mixed with different 

ratios of the support (90/10, 75/25 and 60/40) during 30 min in 

a ball mill. The CaO conversion along the carbonation-

calcination cycles was evaluated in a thermogravimetric 

analyzer (TGA) for 10 cycles. Firstly, the sorbents were pre-

activated at 900ºC under air atmosphere, then the carbonation 

was carried out at 700ºC (60 min, with 25% of CO2 balanced in 

air) and calcination was carried out at 800ºC (10 min, air 

atmosphere). The samples mass changes during the carbonation 

and calcination steps are due to the CO2 that is captured and 

released along the cycles. The CaO conversion is estimated by 

equation 1, where 𝑚 and 𝑀 are respectively the mass (g) and the 

molecular weight (g/mol). 

 

CaOconversion = mCO2
× MCaO mCaO × MCO2

⁄ × 100 (%)             (1) 

 

The reactivity and stability of the commercial and natural 

CaCO3 and of some selected mixed sorbent samples were also 

tested in a fixed bed reactor unit. The sorbents were pre-

activated in the reactor at 900ºC under air atmosphere until the 

CO2 release stopped. After this step, the reactor temperature was 

cooled down to 700ºC and the carbonation step was conducted 

with a flow of 25% of CO2 balanced in air, until the CO2 output 

stream composition stabilizes. After the carbonation step the 



CO2 flow was stopped and the sorbent heated until 800ºC (or 

900ºC for a pure CO2 stream) until the CO2 release stopped, to 

ensure the complete conversion of CaCO3 to CaO. The same 

procedure was carried out when using 5% of steam. The BET 

surface area of pre-activated sorbents and after 20 carbonation-

calcination cycles was assessed by N2 sorption technique. First 

the samples were outgassed under vacuum at 90 °C for 1 h and 

then at 350 °C for 3 h. The pore volume (Vp) was calculated 

from the adsorbed volume of nitrogen for a relative pressure 

(P/P0) of 0.97. The morphology of the sorbents was examined 

by scanning electron microscopy (SEM) using a JEOL Model 

7001 emission gun microscope. 

 

Results  

The CaO conversion along the carbonation-calcination cycles 

was tested for all the sorbents and mixtures on the TGA. As 

shown on the Graphical Abstract, after 10 cycles, the 

commercial CaCO3 is the sorbent with higher CaO conversion, 

followed by the Ca(NO3)2.4H2O and the natural CaCO3. Figure 

1 shows that comparatively with the natural CaCO3 (b) the 

commercial CaCO3 (a) presents a more branched and 

filamentous structure, which can explain the higher CaO 

conversion. The addition of different proportions of CFA and 

SFCC increased the CaO conversion of all the sorbents.  

 

For the case of Ca(NO3)2.4H2O and of commercial CaCO3 

sorbents, the higher improvement was observed for the mixture 

with 10% of SFCC, but in the case of natural CaCO3 the best 

results were obtained for the mixture with 25% of CFA.  

As the natural CaCO3 is the most suitable sorbent for the cement 

industry, it was selected and tested in a fixed bed reactor. As in 

case of the TGA experiments, the higher CaO conversion was 

observed for the mixture with 75% CaO + 25 % CFA (Figure 2). 

The steam addition reduces the CaO conversions on the first 

three cycles; however, the sorbent is more stable along the 

cycles. Table 1 presents the SBET and Vp of the sorbents after pre-

activation and after 20 cycles. The sorbents tested with steam 

present a higher SBET after the 20 cycles, which evidences that 

the steam reduces the particles sintering leading to a higher 

stability. On the other hand, the calcination with CO2 at higher 

temperature contributes for a higher sintering, i.e., the CaO 

conversion and the SBET are lower. The CFA particles apparently 

do not react with the sorbent (Figure 1.d) and should act as a 

physical barrier that prevents the sintering. 

 

 

Figure 2. CaO conversion of natural CaCO3 sorbent during the 

carbonation-calcination cycles carried out in a fixed bed unit 

 

Conclusions 

The work presented shows that the use of waste resources is a 

promising approach to increase the reactivity and the sintering 

resistance of CaO-based sorbents for Ca-looping CO2 capture, 

besides it has economic and environmental advantages. 

Synergies between the mixed sorbents, steam and CO2 

calcination atmosphere should be evaluated in future work. 

 

Table 1. Specific surface area (SBET, g/m2) and total pore volume (Vp, cm3/g) of natural CaCO3 sorbent tested in the fixed bed unit after 

the pre-activation (0 cy) and 20 carbonation-calcination cycles (20 cy) 

 CaCO3 natural 90%CaO+10%CFA 75%CaO+25%CFA 5 % steam CO2 calcination Coal Fly 

Ash  0 cy 20 cy 0 cy 20 cy 0 cy 20 cy 0 cy 20 cy 0 cy 20 cy 

S BET 31 10 21 15 3 8 12 25 25 7 2 

V p 0.21 0.06 0.09 0.05 0.07 0.04 0.04 0.08 0.2 0.05 0.002 
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Figure 1. SEM images: in 1μm scale, (a) fresh commercial 

CaCO3 and (b) natural CaCO3, in 10μm scale, (c) coal fly 

ash (CFA) and (d) 75% CaO (natural CaCO3 precursor) + 

25% CFA (20 cycles) 


