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The growing global demand for carbon capture technologies has driven the exploration of low-cost and sustainable 

materials for efficient CO2 capture. Chicken manure is generated in large quantities worldwide but remains largely 

underutilized despite its high calcium content. Given the growing interest in calcium looping (CaL) as an efficient 

and cost-effective CO2 capture technology (Bahman et al., 2023; Zhang et al., 2023), calcium-rich wastes 

containing stabilizing impurities offer promising alternatives to conventional sorbents (Teixeira et al., 2020). 

However, the application of chicken manure as a CO2 capture material has not yet been explored. To address this 

gap, this study is the first to comprehensively evaluate chicken manure ash (CMA) as a calcium-based sorbent for 

CO2 capture in CaL technology, providing a sustainable route for agricultural waste reutilization. 

In this study, raw chicken manure (feces from laying hens) was collected from three local farms in Singapore, 

referred to as farms A, B and C. Manure from farms A and B was collected without further treatment, whereas 

manure from farm C was pre-mixed with wood chips and dried on-site. All samples were subsequently dried, 

ground and sieved to <0.2 mm. The resulting powders were calcined in a muffle furnace at 750, 800, 850 and 

900 °C for 3 h (heating rate: 10 °C min−1) to obtain chicken manure ash. Ash samples were labelled according to 

the farm origin and calcination temperature (CMA-Farm-Calcined temperature, such as CMA-B-900 and CMA-

C-800). Thermogravimetric analysis was employed to evaluate the CO2 uptake capacity, kinetics, and cyclic 

stability of CMA under controlled atmospheres at 750-900 °C. CO2 capture behavior was quantified based on mass 

changes during carbonation following calcination, and the uptake kinetics and equilibrium capacities were 

analyzed using a pseudo-second-order model. Cyclic CO2 capture performance was further assessed by repeating 

carbonation-calcination cycles at 850 °C. To validate the results under more realistic reaction conditions, cyclic 

CO2 capture tests were also conducted in a lab-scale fluidized bed reactor at 850 °C, where CO2 uptake was 

determined from gas analyzer measurements and fitted using the same kinetic model. Cyclic CO2 capture 

performance was tested by 20 cycles. The operating conditions were selected to ensure sufficient fluidization and 

reaction saturation. To elucidate the underlying mechanisms, CMA samples before and after cycling were 

comprehensively characterized using BET, particle size distribution analysis, SEM-EDS, XRD, XPS, FTIR 

spectroscopy, and ICP-OES to examine morphological, structural, and chemical evolution. 

The optimal incineration temperature of CMA and the optimal carbonation temperature for CO2 uptake 

differed among samples from different farms, and no simple temperature-dependent relationship was observed. 

When comparing the CO2 uptake capacities of CMA derived from the three farms (A, B, and C), the average 

uptake followed the order Farm B (309.96 mg/g) > Farm A (238.26 mg/g) > Farm C (60.02 mg/g). For cyclic 

stability evaluation, CMA-A-900 exhibited an initial CO2 uptake capacity of 245 mg/g and gradually stabilized at 

180 mg/g after 20 cycles, corresponding to a deactivation of 26.5%, which indicates good durability (Figure 1(e)). 

CMA-B-900 showed a higher initial CO2 uptake capacity of 325 mg/g, as presented in Figure 1(f). However, its 

uptake capacity decreased and stabilized at 200 mg/g, resulting in a 38.5% reduction after 20 cycles. Despite its 

higher initial capacity, the cyclic stability of CMA-B-900 was inferior to that of CMA-A-900. When CMA was 

compared with other Ca-based waste-derived sorbents (Afandi et al., 2024; Castilho et al., 2013), although 

materials such as carbide slag, limestone, and eggshells exhibited higher initial uptake capacities, their deactivation 

rates (40–78%) were considerably higher than those of CMA (27.2% for CMA-A-900 and 38.9% for CMA-B-

900), highlighting the great stability of CMA. 

Figure 2(a) indicates that CMA-A-900 experienced the most pronounced decrease in CO2 vol.%, followed by 

CMA-B-900 and CMA-C-900. Figure 2(b) presents the results after subtracting the blank test data. Figure 2(c) 

illustrates the uptake capacity as a function of time, determined by integration. Among the samples, CMA-A-900 

exhibited the highest uptake capacity, reaching 165.8 mg/g, followed by CMA-B-900 (110.6 mg/g) and CMA-C-

900 (20.7 mg/g). Figure 2(d) compares the pseudo-second-order kinetic model fitting with the experimental FBR 

data for each sample, with R2 values exceeding 0.97 for all three kinds of CMA. For cyclic stability, as shown in 

Figure 2(e), CMA-A-900 exhibited an initial CO2 uptake capacity of approximately 130 mg/g, which declined to 

100 mg/g after 20 cycles, corresponding to a 23.1% deactivation. CMA-B-900 showed an initial CO2 uptake 

capacity of approximately 95 mg/g, decreasing to 60 mg/g after 20 cycles, with a deactivation of 36.8% (Figure 

2(f)). 

Based on the characterization results, the reaction mechanism of the material is summarized and illustrated in 

Figure 3. The CO2 capture behavior of CMA was primarily governed by the reversible carbonation–calcination 

cycle of CaO. During carbonation, CaO reacted with CO2 to form CaCO3 and was regenerated during calcination, 

as confirmed by XRD after 20 fluidized bed cycles. The partial deactivation caused by sintering and structural 

collapse limited long-term reactivity (Heidari et al., 2024). In addition, the decomposition of CaMg(CO3)2 

contributed to CaCO3 formation, while trace MgCO3 detected after cycling was attributed to recarbonation of MgO 

during cooling. Phosphate phases such as Ca5(PO4)3(OH) and Ca3(PO4)2 remained stable throughout cycling and 

did not directly participate in CO2 capture but enhanced high-temperature structural stability and suppressed 

sintering (de Carvalho Pinto et al., 2019). Other minor impurities may also contribute to thermal resistance (Hu et 

al., 2019). Overall, CO2 capture performance was governed by CaO content, physical structure, and stabilizing 

impurities. 



 
Figure 1 Maximum CO2 uptake capability results in TGA testing for (a) CMA-A-750, CMA-B-750 and CMA-C-

750 (b) CMA-A-800, CMA-B-800 and CMA-C-800 (c) CMA-A-850, CMA-B-850 and CMA-C-850 and (d) 

CAM-A-900, CMA-B-900 and CMA-C-900; TGA cyclic mass difference results over 20 cycles of calcination and 

carbonation and the uptake capacity of each cycle for (e) CAM-A-900, (f) CMA-B-900. 

 
Figure 2 FBR results of (a) the outlet CO2 vol.% of CAM-A-900, CMA-B-900 and CMA-C-900 with capture time 

(b) the volume of uptake CO2 after subtracting the (c) the uptake capacity obtained by integrating over with capture 

time and (d) the pseudo-second-order kinetic model fitting results; the outlet CO2 vol.% and uptake capacity 

obtained by integrating over with each cycle carbonation time of (e) CAM-A-900, (f) CMA-B-900. 

 
Figure 3 Schematic diagram of the CMA capture mechanism. 

This study demonstrated the feasibility of chicken manure ash as a low-cost sorbent for CO2 capture. TGA 

results showed high CO2 uptake capacities of 387 mg/g for CMA-B-900 and 354 mg/g for CMA-A-900, 

comparable to or exceeding many waste-derived sorbents. In the fluidized bed reactor, CMA-A-900 exhibited 

superior cyclic stability, with only 23% deactivation after 20 cycles. Characterization results confirmed that CO2 

capture was dominated by CaO carbonation, while other impurities contributed to enhanced structural stability and 

reduced sintering. Overall, the integration of comprehensive experimental results and detailed multi-technique 

characterization highlights CMA as a promising bio-waste-derived material for CO2 capture. By converting 

agricultural waste into an effective CO2 capture material, this work provides dual benefits in carbon mitigation and 

sustainable waste management.  
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