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Introduction
Carbon capture and storage (CCS) has been considered worldwide as a feasible way to neutralize
anthropogenic emissions of carbon dioxide into the atmosphere. Pre-combustion capture technologies in
which CO2 is physically or chemically removed from a gaseous mixture prior to completion of combustion
has been gaining attention since its net efficiency is higher than for post-combustion processes.
Sorption-enhanced steam reforming process (SESR) as a pre-combustion system is aimed not only to
produce an H2-enriched stream with productivities that overcome the conventional Steam Reforming
Process (SR) but also remove CO2 at high temperature produced during the evolution of the reforming and
water gas shift reactions. The efficiency of the capture process in the SESR is intrinsically related to the
performance of the sorbents selected. Evidently, the suitability of a CO2 acceptor depends on its
physicochemical properties such as fast sorption/desorption kinetics, thermal and mechanical stability,
cost, etc.

Objectives
This research is aimed at preparing and evaluating CaO-based CO2 sorbents enhanced by means of the
incorporation of Saffil ceramic fibres as a CaO substrate to inhibit sintering. In order to obtain sorbents
labelled as Ca-Sa-%-WI, optimal synthesis parameters are selected. In addition, durability of the sorbents are
analysed by means of multicycle tests in a TGA under controlled heating and atmospheres conditions.

Preparation of CaO-based CO2 sorbents 

Ca-Sa-%-WI sorbents with CaO loads of 5, 15 and 25 wt.% were prepared by means of the wet
impregnation method. The synthesis technique was modified in terms of stirring and evaporation
temperature aimed at obtaining particles with specific morphologies (nanoflakes) intended to diminish
sintering. The procedure for coating Saffil fibres substrates with CaO nanoflakes is exhibited in Figure 1.

Methodology

Characterization of the Ca-Sa-%-WI sorbents

The physicochemical properties such as morphology, crystalline phases surface area (SA) and pore size
distribution of the as-prepared sorbents were analysed using Scanning Electron Microscopy
(SEM), X-ray Diffraction (XRD) and N2 physisorption. Microstructural changes in the Ca-Sa-%-WI sorbents
derived from the high-temperature CO2 sorption tests were conducted by SEM.

Evaluation of CO2 uptake capacity and durability

Ca(CH3CO2)2·H2O + 
distilled water = 
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Drying
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CaAc) is added and 
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vigorous stirring (350 rpm) 
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CaAc solution (no stirring).

The drying process was 
conducted overnight at 

120°C. 

Calcination temperature = 
850°C (4 h).

Results

Albeit Ca-Sa-%-WI sorbents exhibited a modest CO2

uptake capacity (predicted based on eq. 1)(Figure 7-
b)), the CaO degradation has been significantly
improved. In Figure 7-b), it was observed that Ca-Sa-
5%-WI experienced a reactivity decay of ~30% whilst
typical synthetic CaO tested also under 30
carbonation/calcination cycles degrades ~70%
(Figure 7 - a)).

Evaluation of durability with the
corresponding measurement of carrying
capacities of Ca-Sa-%-WI sorbents was
performed in multicycle tests using a TGA
system. The thermal program with the
operational parameters used to register
30 continuous carbonation/calcination
cycles is presented in Figure 2.
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Morphology and textural properties Ca-Sa-%-WI 

CaO shaped like nanoflakes was successfully grown over the surface of the Saffil ceramic fibres (see Figure
3). As was expected, this peculiar morphology adopted by the phase with affinity to CO2 was associated
with those synthesis parameters (evaporation temperature and stirring) modified to perform a controlled
deposition through a nucleation-growth process of CaO on the substrates.

Figure 1. Procedure followed for depositing CaO particles with nanoflakes over the periphery of Saffil ceramic fibres. 
The synthesis method employed was wet impregnation. 

Figure 2. Thermal sequence adopted in the multicycle 
carbonation/decarbonation tests.   

Surface Clamping

Figure 3. Saffil fibres coated with different amounts of active phase. The thickness of the CaO layer depends of the 
content of precursor present in the solution. The higher the wt.% of CaO, the thicker the coating of nanoflakes,            

a) 25 wt.% > b) 15 wt.% > c) 5 wt.% .

Figure 4. a) Plot showing the dependence of SA with regards to the CaO content deposited on the fibrous 
sorbent and b) Adsorption isotherms type IV with a hysteresis loop H2 characteristic of systems in which 

desorption is governed by cavitation. 

Surface area and pore size distribution

X-ray Diffraction analysis

XRD patterns of Ca-Sa-%-WI sorbents registered in a 2θ
range between 10 to 90°. The phase identification analysis
elucidated that CaO is the crystalline phase obtained
through the thermal decomposition of CaAc. The presence
of Ca(OH)2 is associated with air- slaking of CaO.

Figure 5. XRD patters showing the 
crystalline phases identified upon 

calcination completion at 850°C for 4 h.

Figure 6. Clamping restricts motion of the coating on the 
interface Saffil-CaO flakes. In this manner, lateral 

shrinkage (sintering) is minimized by improving the 
mechanical performance of the CaO coated.

Sample Specific surface area
m2/g

Pore radii
nm

Pore volume
(cm3/g)

Ca-Sa-25%-WI 92.3 1.918 1.918

Ca-Sa-25%-WI 106.1 1.928 1.928

Ca-Sa-25%-WI 125.5 1.932 1.932
Saffil fibres 138.5 1.945 1.945

Table 1. Specific surface areas, pore volume  and pore radii determined by BET and BJH methods. 

Microstructural transformation

Figure 7. a) and b) Carrying capacities of Ca-
Sa-%-WI sorbents and synthetic CaO during 

the multicycle tests.

Figure 8. High-thermal stability exhibited by CaO nanosheets as a result of surface clamping (Figure 6). In 
a) and b) associated with Ca-Sa-%-WI loaded with 25 and 15 wt.% respectively, no microstructural 

changes were observed. c) SEM micrographs of Ca-Sa-5%-WI showing a coated area sintered. 

Conclusions
Ca-Sa-%-WI CO2 sorbents were successfully prepared through the wet impregnation method.
Synthesis parameters were optimized for attaining the nucleation-growth of the CaO nanoflakes on
the surface of the fibrous support.
With regards to CO2 uptake capacity, the Ca-Sa-%-WI sorbent coated with 25 wt.% reached the
highest carrying capacity, namely ~0.19 mg CO2/mg-sorbent. In terms of durability, the CO2 acceptor
with a loading of 5wt.% presented only a deterioration of ~30% during 30 carbonation-calcination
cycles. Hence, the high resistance to sintering is mainly associated with the novel CaO morphology
adopted and the presence of Saffil.
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Carrying capacity measurements and durability in the multicycle tests

Restricted mobility 
of the coating.

Low thickness 
(nanometric)

Interface CaO-Saffil.

𝑪𝑪𝑵 =
𝒎𝒇,𝑵 −𝒎𝒊

𝒎𝒊

CCN = max. carrying capacity at

cycle N

N = number of cycle

mi = mass post-activation

mf, N = mass at cycle N(eq. 1)
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