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Abstract 

The loss of sorbent CO2 capture capacity and the extent of particle attrition over 

iterated cycles are relevant to the design of Calcium Looping processes. 

Thermogravimetric analyzers or single batch fluidized bed reactors are typically 

used at the lab-scale to evaluate the sorbent performance. One drawback of these 

devices is that they do not reproduce the thermal history that is actually 

experienced by sorbent particles in real looping cycles. In this study, a novel 

experimental device is proposed to overcome this limitation. The test reactor has 

been used to assess the effect of the thermal history of the limestone on its CO2 

capture capacity and attrition tendency. The results were compared to those 

previously obtained with the same limestone under comparable operating 

conditions in a single bed apparatus. The comparison reveals that the thermal 

history experienced by the limestone has a non-negligible effect on its 

performance. 

 

Introduction 

Calcium Looping (Ca-L) is a promising post-combustion technology which uses 

cheap, natural and non-toxic Ca-based sorbents, such as limestone or dolomite, to 

capture CO2 contained in power plant flue gas [1-3]. In the process the sorbent is 

continuously cycled between two reactors, in particular two interconnected fast 

fluidized beds [3,4]: the carbonator (650-700°C), where the lime-based sorbent 

captures the CO2 coming from the power plant, and the calciner (850-950°C) where 

calcination occurs regenerating the calcium oxide and producing an almost pure 

CO2 stream, ready for further purification, compression and final transportation to 

the storage site. The main two limitations of this technology are the deactivation of 

the sorbent reactivity with the number of cycles, which is mainly due to high-

temperature sorbent sintering and to the possible presence of SO2 in the flue gas 

[5,6], and the attrition/fragmentation phenomena caused by the utilization of the 

fluidized bed reactors [7]. Thermogravimetric (TG) analyzers and single lab-scale 

fluidized beds (SB) are the typical devices used for the Ca-L sorbent 

characterization [8]. Unfortunately, these techniques are affected by several 
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limitations: TG tests do not permit to evaluate the attrition propensity of the 

sorbent, while both TG and SB tests do not allow to simulate a continuous Ca-L 

process. This latter limitation has important consequences because the real thermal 

shock conditions, experienced by the sorbent particles when transferred from one 

reactor to the other, cannot be reproduced and this may have a strong influence on 

both CO2 capture capacity and attrition propensity of the sorbent. 

In order to overcome these limitations, a novel batch lab-scale apparatus has been 

recently presented, which is suited to routinely characterize at the lab-scale the 

performance of sorbents in a Ca-L process approaching a realistic sorbent particle 

thermal history [9]. This system consists of two twin lab-scale bubbling fluidized 

beds working separately in a batch mode, which are connected to each other by a 

duct for the fast conveying of the sorbent between the reactors. Noteworthy, the 

apparatus is not meant to simulate a continuous calcium looping process, but only 

to reproduce a sorbent particle thermal history as close as possible to reality, in 

terms of cycling of temperatures and of reaction atmospheres. In this study we 

report the experimental results of a limestone sorbent characterization under 

realistic Ca-L conditions. The results have been also compared to similar tests 

carried out in a SB apparatus on the same limestone, in order to highlight possible 

effects of the thermal history on the sorbent performance. 
 

 
Figure 1. Scheme of the solid transport procedure between the two fluidized bed 

reactors (on the left) Twin fluidized bed apparatus (on the right). 

Experimental 

The lab-scale apparatus employed in this work (Figure 1) consists of two identical 

fluidized beds (Twin Beds, TB), where each reactor is operated in batch mode as 

calciner (west bed, WB) and carbonator (east bed, EB) respectively. A pipeline 

(transport duct), with a diameter smaller than the reactor size, is lowered in both 

reactors and partly immersed into the bed material. Operation of the valves located 

on the duct and at the top gas exit of both reactors allows, at the end of calcination 

(or carbonation), to rapidly transfer, by pneumatic transport, the sorbent from the 

calciner (or the carbonator) to the carbonator (or the calciner). In this way, the 
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sorbent undergoes the typical thermal shock of a Ca-L system. The apparatus is 

also equipped with an additional vertical duct, located in the middle between the 

TBs, where at the bottom is placed a removable stainless steel container to carry 

out a fast discharge of the reactors and to collect the whole bed material. Details 

about the TB apparatus and transportation procedure are reported elsewhere [9]. 

For all the tests, silica sand in the size range of 900-1000µm was used as buffering 

bed material, while a German high-calcium (CaCO3>99%) limestone (EnBW, 

particle size range 400-600µm) was used as sorbent material. The size difference 

determines, during the fluidized bed operation, a segregation of the smaller and 

lighter sorbent material to the top section of the bed and that of the larger and 

heavier sand material to the lower section of the bed. This partial separation of the 

two materials in the bed can be exploited to obtain preferential transport of the 

sorbent with respect to the sand [9,10]. An important feature of the test procedure 

is that silica sand is used as a buffering material in both reactors in order to avoid 

significant bed temperature variations due to chemical reactions and conveying of 

solids. This latter point highlights a crucial issue since the system must be designed 

to permit the quantitative pneumatic transport of the sorbent while limiting the sand 

transportation. In a previous work [9], tests at ambient temperature were carried out 

by varying the distance between the immersed duct and the plate distributor and at 

different fluidization velocities in order to prove the feasibility of the TB apparatus 

and to find the best operating conditions in terms of limestone conveying 

efficiency. Further tests have been carried out to confirm the good performance of 

the TB apparatus under realistic Ca-L temperatures but under non-reactive 

conditions. 

The present tests were conducted under calcination/carbonation conditions at the 

temperatures and gas compositions reported in Table 1, similar to those used in our 

previous work in a SB apparatus [6]. This experimental campaign was devoted 

both to evaluate the solids transport performance under Ca-L conditions and also to 

assess the CO2 capture capacity performance as well as the attrition propensity of 

the limestone. In this paper the transport performance results will not be reported, 

but only the CO2 capture capacity and the attrition results. In all tests, before 

heating up the system, ~150g and ~90g of silica sand were charged in the WB and 

the EB, respectively. The different amount of sand between the two reactors was 

necessary to compensate for the sand transported together with the sorbent material 

between the reactors. Sorbent injection was carried out using the hopper placed on 

the side of the WB. The calcination step was always performed in the WB, while 

the EB was used as the carbonator. In these tests the progress of 

calcination/carbonation reactions was followed by measuring the CO2 

concentration at the exhaust with a NDIR analyzer (measuring range 0-100% v/v), 

which permitted the evaluation of the sorbent CO2 capture capacity after each 

cycle. During each step of calcination or carbonation, filters were also used to 

collect fines elutriated with the outlet gas in order to evaluate the sorbent attrition 

propensity. 
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Table 1. Operating conditions for hot Ca-L tests (calcination/carbonation). 

Temperature, °C 940/650 

Time, min 20/15 

CO2 concentration, %vol 70/15 (balance air) 

vf, m/s 0.5 
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Figure 2. CO2 capture capacity of the sorbent – left – and elutriation rate – right –  

as a function of the number of cycles for the TB apparatus. 
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Figure 3. CO2 capture capacity of the sorbent as a function of the number of 

cycles. 

Results and conclusions 

Figure 2 reports the CO2 capture capacity (on the left side) and the average 

elutriation rate (on the right side) (expressed as the mass loss rate of elutriated fines 

per initial mass of sorbent) as function of the number of cycles. As expected, both 

the capture capacity and the elutriation rate decay with the cycles towards an 

asymptotic value. These trends, similar to those measured in SB tests [6], 

demonstrate the reliability of the TB system for the high temperature sorbent 
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characterization. These results have been compared to those performed in a SB 

apparatus for 5 cycles and reported by Coppola et al. [6] with the same limestone 

and under similar operating conditions. Figure 3 reports the comparison of the CO2 

capture capacity as a function of the number of cycles (TB system - red dots; SB 

system - blue dots). Interestingly, the two curves have a similar trend but are 

slightly shifted. In particular, TB capacity values were higher than SB ones, 

suggesting lower sintering in the TB system. This is likely a consequence of the 

more limited thermal shock experienced by the sorbent particles in the present tests 

with respect to the tests performed in the single bed apparatus (where the sorbents 

were discharged to ambient temperature after each calcination/carbonation step).  
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Figure 4. Elutriation rate as a function of the number of cycles: twin beds (TB) vs 

single fluidized bed (SB) experiments. 

Figure 4 shows a comparison of the average measured elutriation rates, as a 

function of the number of cycles, between TB and SB system, for the calcination 

stage (on the left) and for the carbonation stage (on the right). In general, as 

expected, for both systems the attrition decreased with the number of the cycles, 

because of particle rounding off [6]. Moreover, the attrition tendency of the sorbent 

resulted higher for the tests in the SB apparatus and this difference appears to be 

more pronounced during the carbonation stage. Noteworthy, the attrition tendency 

seems to undergo a reversal between calcination and carbonation: indeed during 

SB tests the rate of elutriated fines during carbonation was larger than during 

calcination, while this behavior was reversed in the TB system. This result is likely 

due to a combination of the different thermal shocks undergone by the sorbent in 

the two different devices, the nature and the sintering degree of the sorbent. Indeed, 

at the starting of the carbonation stage the sorbent is mainly composed by CaO and 

hence it is more porous and softer than CaCO3. This, combined with the large 

thermal shock in the SB system, would lead to an elevated generation of fines by 

primary fragmentation. Conversely, in the TB system the thermal shock effect for 

the carbonation stage is absent, because the sorbent is directly transferred from the 

Calciner (940°C) to the Carbonator (650°C) (without any intermediate cooling). 
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This finding seems to underline a non-negligible role of the sorbent thermal history 

on sorbent performance in Ca-L. In the future additional tests will be carried out on 

different limestones to conclusively confirm these results and, furthermore, specific 

investigations through porosimetry and microscopic analyses will be conducted in 

order to understand how the thermal history affects the particle structure. 
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