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Abstract  
The cement industry is the second largest CO2 emitting industry accounting for over 5% of anthropogenic global CO2 
emissions. The Cement Sustainability Initiative of the World Business Council for Sustainable Development and the 
International Energy Agency developed Technology Roadmap Low-Carbon Transition in the Cement Industry which 
gives a clear message that besides further improvement in energy efficiency, use of alternative fuels and reduced clinker 
to cement ratio, a breakthrough is also required for emerging and innovative technologies, including CO2 capture for 
achieving the long term reduction target.1 Designing new clinkers (e.g. incorporation of MgO) that require less 
limestone is also a way to significantly reduce the CO2 footprint of cement industry. 
Calcium-Looping Cycle (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. The main drawback of this technology is 
the sorbents deactivation due to the sintering and pores blockage 
throughout the cycles, especially if natural limestone is used. To 
overcome this limitation, the replacement of limestone by green 
materials like waste marble2 powder (WMP) or dolomite as source of 
CaO and the addition of industrial wastes like coal fly ash (CFA) or 
spent fluidized catalytic cracking catalyst (SFCC) as CaO particles 
spacers, hindering the agglomeration, are a promising options. The 
possible utilization of these exhausted sorbents as raw materials for 
the cement industry can lead to the increasing development and use 
of eco-cements.                                   
The performance of sorbent samples of limestone, WMP and 
dolomite, was assessed in a laboratory scale fixed-bed quartz reactor unit along the carbonation-calcination cycles, 
using a gas mixture with a CO2 concentration within the range of the industrial flue gas emissions (15-25% of CO2). 
The CaO conversion obtained after 20 cycles was 28 %, 40 % and 78 % for limestone, WMP and dolomite, respectively. 
The MgO present in dolomite is inert at the Ca-Looping temperatures (carbonation: 700 ºC,calcination: 800 or 930 
ºC) and its blend with WMP (20% MgO/80% CaO) also allowed improving the WMP performance along 20 cycles.  
The sintering resistance of a natural and a commercial CaCO3 was evaluated and improved by physically dry mixing 
with a CFA and a SFCC catalyst that may act as CaO particles spacer. After 20 cycles, the commercial CaCO3 shows a 
lower deactivation rate than the natural one, i.e. 37 % and 69 %, respectively. For both sorbents, the addition of 10 % 
of CFA and SFCC reduces the sorbents deactivation rate, but the more significant improvement on the carbonation 
conversion can be observed for the commercial CaCO3, i.e., after 20 cycles the sorbent CaO conversion increases from 
56 to 71 and 74 % with CFA and SFCC, respectively. In this study, all the sorbents were characterized along the 
carbonation–calcination cycles by N2 sorption, X-ray diffraction and scanning electron microscopy techniques. 
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Fig. 1. Green materials utilization for CO2 capture 
using Ca-looping carbonation-calcination cycles 


