
Main Goals

Introduction
Ca-Looping process for CO2 capture based on the

reversible reaction: carbonation-calcination:

 To compare the Ca-Looping CO2 capture capacity and stability of several natural geological materials and waste marbles
(under N2 and air atmosphere)

 To evaluate the effect of carbonation temperature (600-650-700 °C) and calcination temperature (800-850-900-950 °C) on the
sorbents stability and CO2 carrying capacity by Ca-looping

 To evaluate the effect of the steam addition and of using a pure CO2 stream during the calcination step of Ca-looping

 Potential contribution to wastes reduction and valorization through their integration on the cement production

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. Ca-looping technology is a promising process for CO2 capture on the cement industry. Currently, the

main Ca-looping challenge for CO2 capture is related with the decay of the sorbent reactivity with increasing number of CO2

capture cycles. Based on the circular economy concept and economically viability for industry, the use of natural geological

materials and marble wastes sorbents appears be the best option. However, the improvement of the natural sorbents carrying

capacity is essential so that the Ca-looping process can reach a higher technology readiness level (TRL). The “CaReCI - Carbon

Emissions Reduction in the Cement Industry” project that joins Portuguese academia, a cement industry (CIMPOR) and a marble

producer company (MÁRMORES GALRÃO) is currently studying the stability and CO2 carrying capacity of several CaO-based

sorbents.

Experimental

Results

Final Considerations

Mass Flow 
(ml/min)

Activation Carbonation Calcination 5 % 
Steam 

TGA ~10 mg 40
900 °C

25 % CO2
(balanced in air)

700 °C

800 °C;  100 % air

FBR 2 g 1000 800 °C;  100 % air
900 °C;  100 % CO2

2. Experimental Ca-looping tests conditions: termogravimetric
analysis (TGA) and fixed bed reactor unit (FBR)

𝑪𝒂𝑶𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 =
𝐧𝐂𝐎𝟐,𝐜𝐚𝐫𝐛 × 𝐌𝐂𝐎𝟐

𝐦𝐂𝐚𝐎_𝐬𝐨𝐫𝐛𝐞𝐧𝐭

𝐌𝐫𝐂𝐎𝟐

𝐌𝐫𝐂𝐚𝐎
× 𝒘𝑪𝒂𝑶_𝒔𝒐𝒓𝒃𝒆𝒏𝒕  × 𝟏𝟎𝟎  %

n – molar amount (mol),  Mr – molar mass (g/mol), m – mass (g),  w - mass fraction

1. Fresh natural geological materials and marble wastes characterization:

(a) Chemical elemental composition and specific surface area (SBET)     (b) XRD patterns of sorbents dried at 120 °C 
characterization:

Fresh Sorbents Ca Mg Al Si Fe C SBET

(wt %) m²/g
MW-Estremoz (MWE) 36.1 0.5 0.49 2.00 0.16 11.3 < 1
MW-Vila Viçosa (MWVV) 38.2 0.1 0.36 0.44 0.03 11.9 < 1
MW-Galrão (MWG) 37.3 0.3 0.12 0.70 0.08 12.0 2.3
Calcite-West bank (CWB) 37.6 0.1 0.08 0.25 0.04 11.9 2.0
Calcite- Cimpor (CC) 39.0 0.1 0.17 2.50 0.40 11.1 1.8

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

Marble Wastes (MW)!

2. Influence of steam addition and of using a pure CO2 stream (for calcination steps) on the CaO conversion
and properties of Marble Waste Galrão (MWG) and Calcite – Cimpor (CC)
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1. Influence of atmosphere and carbonation-calcination temperature on
the CaO conversion of sorbents

CaO conversion was:
 similar for air and N2 atmosphere
 higher for MWG
 lower for CC

CaO conversion after 10 cycles:
between 43% and 32%

CaO conversion decrease after 10 cycles:
 43 % at 700 °C to 27 % at 600 ° during the 

carbonation:  reaction rate

 43 % at 800 °C to 26 % at 950 °C during 
the calcination – sintering 

After 20 cycles at standard conditions:
CaO conversion is higher for MWG: 47 % vs 28 %
Reactivity decrease is lower for MWG : 53 % vs 68 %

After 20 cycles with CO2 calcination atmosphere:
Increase of deactivation for both sorbents
Reactivity decrease is lower for MWG : 69 % vs 78 %

With 5% Steam atmosphere:
Lower initial CaO conversion but improved stability
Reactivity decrease after 20 cycles is lower for MWG :
39 % vs 44 %

Under standard conditions and CO2 calcination: pore width ≈ , SBET ↙ , crystallite size ↗

Under steam atmosphere: pore width ↙ , SBET ↗ , crystallite size ≈

MWG is an interesting and promising sorbent after 20 cycles higher CaO conversion and stability than the CC sorbent that is currently used in cement industry

Presence of 5% steam in the feed gas modifies the CaO conversion of MGW and CC decrease of initial conversion (higher initial sintering degree due the higher thermal conductivity
and heat capacity of steam compared with air) but a better cyclic stability is reached after 20 cycles (steam reduces the CO2 diffusion resistance through the carbonate layer)

Selection of suitable sorbents, improvement of their performance and incorporation of exhausted sorbents in the clinker reduction of CO2 footprint of cement production and of
wastes associated to the marble production


