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Highlights 

 CaO/CaZrO3 sorbent shows superior capacity and stability under fluidized bed conditions  

 Steam addition improves both the sorption capacity and the stability of the sorbent. 

 CaO/CaZrO3 exhibited more than 5 times higher final capacity compared to limestone.  

 The sorbent shows good attrition resistance with negligible elutriation of fines. 

 

1. Introduction 

Carbonate looping is a promising ex-situ post-combustion CO2 capture technology based on the reversible 

gas-solid reaction of CaO with CO2 [1]. CaO has been thoroughly studied as a CO2 sorbent because of its 

high sorption ability [2]. Flue gases at high temperature are separated from CO2, which is captured in the 

sorbent bed in the carbonator. After the sorbent’s saturation, the material is led to the calciner where it is 

regenerated at higher temperatures and CO2 is removed as pure stream, ready for sequestration. However the 

main drawback of this approach is the high temperature required for regeneration (up to 950°C), which leads 

to severe sintering of CaO and in rapid deactivation upon multiple cycles [3]. The use of dual fluidized bed 

reactors is considered the most suitable configuration for the process, however the problems of attrition and 

mechanical strength loss are common, especially for natural sorbents [4]. The key for successful 

commercialization of the process is the development of stable sorbents that can undergo multiple cycles 

without deterioration in their performance. In this work, we report the development of a stable CaO-based 

sorbent, prepared with an advanced technique and the evaluation of its performance in a fluidized bed reactor.  

2. Methods 

Material synthesis: The CaO-based sorbent was prepared via a sol-gel auto-combustion route, using citric 

acid as a combustion agent, CaZrO3 as structural promoter and a constant 66wt% concentration of CaO [5]. 

After calcination the material was pelletized, crushed and sieved to obtain a particle size of 355< dp <500μm.   

Fluidized bed bench-scale experiments under carbonate looping conditions: The sorption capacity and 

stability of the sorbent was evaluated in a bench-scale fluidized bed reactor unit under different operating 

conditions such as fluidization velocity (U/Umf =2.5, 3.8), space velocity (2000-3500 h
-1

), steam 

concentration during carbonation and calcination (0 or 20%), temperature of carbonation (650, 680°C) and 

calcination (750, 800, 920°C) and CO2 partial pressure (0, 0.8) during calcination. The gaseous feed 

contained 10% CO2/3.2%O2/20%H2O/N2, simulating the composition of real flue gases from a natural gas-

fired power plant.  

3. Results and discussion 

The CaO/CaZrO3 sorbent demonstrated superior performance in CO2 capture in preliminary TGA tests [5], 

and in fixed bed reactor testing under sorption enhanced chemical looping methane steam reforming 

conditions [6]. High carbonation conversion was recorded during the pre-breakthrough region (60-85%) 

under all investigated conditions. Testing of the material in the fluid bed reactor showed that the material 

maintains fast carbonation rates even at much higher space velocities, leading to a CO2 capture from the flue  



 

 

gases of over 80% and 75% at carbonation temperatures of 650 and 680°C respectively. The addition of  

steam led to higher conversions, especially during pre-breakthrough, due to decreased diffusion resistance of 

CO2 through the formed layer of CaCO3. In addition, steam significantly enhanced the stability of the sorbent, 

leading to <16% deactivation after 20 consecutive cycles. The performance of the sorbent was further tested 

under lower temperature difference between carbonation and calcination (680 and 750°C respectively), a 

scheme more favourable for utilizing the heat of the highly exothermic carbonation reaction for the thermal 

demands of the calciner. The material displayed similar carbonation conversion but higher deactivation. 

Advanced characterization with in-situ XRD showed that even though the sorbent largely retains its initial 

high surface area and porous morphology, CaCO3 decomposition is incomplete at 750°C, rendering a small 

fraction of the sorbent inactive for CO2 capture.  

Finally the material demonstrated an excellent 

performance, even when harsh calcination conditions 

were applied (i.e. calcination in high CO2 partial 

pressure and higher temperature), maintaining more than 

70% of its initial sorption capacity (7.1 moles of 

CO2/kg) after 20 cycles (Fig. 1). Compared to a natural 

limestone that was used as a reference material, the final 

capacity of CaO/CaZrO3 was almost 5.6 times higher. 

The synthetic sorbent also exhibited satisfactory 

mechanical strength. Even though almost 40% of the 

material shattered into smaller fragments in the presence 

of steam, attrition was limited to generation of particles 

in the range of 180-355μm, with no mass loss due to 

fines elutriating from the bed.  

 

 

4. Conclusions 

A Zr-promoted CaO-based CO2 sorbent was tested in a fluidized bed reactor unit to determine its 

performance in cyclic CO2 capture under various operating conditions. The material exhibited very high 

carbonation conversion (60-85%) during pre-breakthrough under all investigated conditions, with more than 

75% CO2 removal. The addition of steam in both the carbonation and calcination steps resulted, not only in 

higher conversions, but also in significantly enhanced cyclic stability with less than 16% deactivation after 

20 cycles. Under realistic calcination conditions (920°C and 80% CO2 concentration) the sorbent maintained 

more than 70% of its initial capacity, a value almost 6 times higher than natural limestone. Although the cost 

of the synthetic material would apparently be higher than that of a natural sorbent, the increased sorption 

capacity and stability, even under severe calcination conditions, are expected to lead to lower amount of 

material circulating in the fluidized bed reactor and lower sorbent make-up flow, balancing the increased 

cost. 
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Figure 1.  CO2 sorption capacity during pre-breakthrough 

period versus number of cycles for limestone and 

CaO/CaZrO3 sorbent under severe calcination conditions 

(carbonation: 650ºC, 10% CO2/3.2% O2/20% H2O/N2; 

calcination: 920ºC, 20%H2O/CO2). 
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