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PROJECT MAIN GOALS 
Carbon Emissions Reduction in the Cement Industry - CaReCI Project (PTDC/AAGMAA/6195/2014): 

  CO2 post-combustion capture by CaO-based sorbents looping cycles as a potential sustainable option 

for the cement industry, if integrated with a CO2 capture unit using natural Ca-based geological sorbent 

resources including  limestone, dolomite and WMP ; 

 WMP: innovative utilization as possible source of inexpensive CaO-based sorbents for CO2  capture; 

 To identify potential carbon footprint reduction strategies  for the cement industry. 

 

Fresh 
Sorbent 

Element Content (weight %) 
Si Ca Mg Al Fe C 

CaCO3  --- 40 --- --- --- 12 

WMP β 0.51 38.5 0.37 0.06 0.05 11.9 

Dolomite β 
 

0.04 24.9 10.2 0.01 0.01 12.6 

Portuguese WMP and Dolomite Sorbents characterization 

EXPERIMENTAL TESTS 

Experimental CO2 Capture Unit  

Assessment of  CO2  carrying capacity along the calcination-carbonation cycles and systematic study of  sorbents properties  

CO2 CAPTURE RESULTS 
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Carbonation: 700°C 
15% CO2(v/v)+85% N2 (v/v) 

Calcination: 800°C 
100 % N2 (v/v) 

 

 Initial CO2 capture capacity similar for CaCO3 
and WMPβ (due to their similar CaO 
composition), but after 20 cycles the CaCO3 
deactivation is higher, so the presence of trace 
elements in WMP (Mg, Si, Al, Fe) is relevant. 
 

 Dolomite has a lower initial CO2 capture 
capacity (due the reduced amount of CaO), 
but after 20 cycles dolomite presents a CO2 
capture capacity higher than CaCO3 and 
WMPβ . Maximum Theoretical carrying capacity : 0.786 g CO2/g 

CaO  and 1.092 g CO2/g MgO  

Along the calcination-carbonation cycles: 
 Decrease of BET surface area 
 Increase of CaO and MgO grain size 
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 WE ARE ALL CONCERNED WITH: 

 Industrial operational efficiency 

 Low Carbon Technologies 

 CO2 Avoidance 

 CO2 Capture 

  and also 

 Wastes Reduction and Utilization 

 

 
Global Warming! 

Marble is a CaCO3 -
based rock and 

important natural  
resource in Portugal 

Environmental threats: 
nearly 20% of the total weight of the 
marble processed results into Waste 

Marble Powder (WMP)! 

Large amount of WMP generated in Portugal by each producer during cutting and 
polishing procedures: hundreds to thousands of tonnes of powder/year!!... 

Idea for WMP: 
Possible source of cheap solid 
sorbents for Ca-Looping Cycle 

CO2 Capture???   

Efficient sorbents for Ca - Looping: challenges! 

 High adsorption capacity,  

 High selectivity, 

 High calcium oxide content, 

 Non deactivating cyclic operation: sintering of CaO 
sorbent may occur during high-temperature 
calcination, causing the sorbent deactivation due to 
grain growth and pore shrinkage or blockage,  

 Good mechanical resistance to attrition: very 
important if a fluidized bed reactor is used, 

 Economically viable ! 

  Chemical elemental analysis 

  Nitrogen adsorption (BET surface area) 

  X-ray diffraction (XRD) 

  Scanning electron microscopy (SEM) 

  Chemical Elemental analysis 

  Thermogravimetric analysis (TGA) 

Chemical synergy with the cement industry: 
the exhausted CaO purge can be used as raw 

material in cement production 

Ca-Looping: one of the most promising processes for 
CO2 capture based on the reversible reaction: 

carbonation-calcination 

Source: Rodriguez, N., Murillo, R., Abanades, J.C.,  Environmental science and Technology, 46 
(2012)  2460-2466.  

Source:http://www.galrao.com/pt/trabalhos-especiais 

CONCLUSIONS 
 Dolomites and WMP from Portuguese natural resources:  promising  inexpensive  CaO-based sorbents to be used for Post-combustion Ca-Looping  CO2 capture! 

 WMP high initial CO2 capture capacity: higher than commercial CaCO3  and other natural limestones. 

 WMP and Dolomite activity decay with the number of cycles:  lower than CaCO3  and other natural limestones.  

 WMP and Dolomite incorporation in the clinker: could be a way of reducing the CO2 footprint of cement production. 

 Potential to improve overall  CO2 capture efficiency, reduce costs, and minimize adverse environmental impacts of wastes.  


