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Eggshells are an abundant and largely underutilized byproduct of the global food industry, with worldwide eggshell waste 
generation estimated to exceed 250,000 tons annually (Andrade Cruz et al., 2022; Faridi & Arabhosseini, 2018). The 
rapid growth of egg production to meet global food demand has led to the accumulation of large quantities of eggshell  
waste, most of which is discarded in landfills or stored untreated (Kareem & Eyiler, 2024). This practice results in 
environmental and sanitary issues, including microbial degradation, unpleasant odors, and hygiene risks, while only a 
small fraction of eggshells is reused, typically as low-value fertilizer. Despite this, eggshells contain approximately 94% 
calcium carbonate, making them an attractive renewable calcium source for the synthesis of value-added materials.
One promising valorization pathway is the conversion of eggshells into hydroxyapatite (HAP, Ca₅(PO₄)₃(OH)), a calcium 
phosphate compound widely used in biomedical applications and increasingly investigated as a catalyst support due to its 
high thermal stability, tunable acid–base properties, ion-exchange capacity, and strong metal–support interactions (Yang 
et al., 2014). Although synthetic HAP has been studied as a support for nickel-based catalysts in dry reforming of methane 
(DRM) (Phan & Pham Minh, 2023; Rego de Vasconcelos et al., 2020), bio-derived HAP obtained from eggshell waste 
remains largely unexplored.
In this work, eggshell-derived hydroxyapatite (HAPE) was synthesized via a low-temperature wet precipitation route using 
calcined eggshells as the calcium precursor. The synthesis was carried out at mild temperatures (40–60 °C), and the Ca/P 
molar ratio (1.47 and 1.67) was systematically controlled to tailor the structural and surface properties of the materials. A 
series of 10 wt.% Ni/HAPE catalysts was prepared and thoroughly characterized. Catalytic evaluation in DRM at 800 °C 
and atmospheric pressure revealed high methane conversions (>95%) for all samples, while CO₂ conversion, selectivity,  
and stability strongly depended on synthesis conditions. The catalyst synthesized at 60 °C with Ca/P = 1.67 exhibited the 
best  and  most  stable  performance  over  120  h  on  stream,  demonstrating  the  strong  potential  of  eggshell-derived 
hydroxyapatite as a sustainable catalyst support for DRM (Figure 1 and 2).

Figure 1: CH4 and CO2 conversions in DRM at 800°C and atmospheric pressure during 120 h of reaction
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Figure 2: H2 and CO selectivities in DRM at 800°C and atmospheric pressure during 120 h of reaction

Post-reaction characterization revealed the formation of carbon deposits, primarily in graphitic form, which did not  
adversely  affect  catalyst  performance.  STEM-EDX and EELS analyses  confirmed that  the  hydroxyapatite  support  
framework and nickel dispersion were preserved after prolonged operation (Figure 3). 

Figure 3: EELS images of the spent catalyst

Kinetic modeling using a Langmuir–Hinshelwood approach yielded an apparent activation energy lower than many values 
reported in the literature, indicating favorable reaction kinetics without diffusion limitations.

Tableau 1: Energy of activation of Ni-HAPE compared to other catalysts in the literature

Catalysts (T(K)) Ea(kJ/mol) References
Ni-HAPE 61.76 This work
Ni-Ce/HAP 137.6 (Wang et al., 2022)
Ni-Al2O3 70.6 (Ferreira-Aparicio et al., n.d.)
Ni/MgO 92.1 (Bradford & Vannice, 1996)

Overall, this study demonstrates an energy-efficient and environmentally friendly approach for converting eggshell waste 
into  high-performance  catalyst  supports.  By  tailoring  the  Ca/P  ratio  and  synthesis  temperature,  eggshell-derived 
hydroxyapatite  enables  enhanced  nickel  stability,  controlled  surface  basicity,  and  improved  resistance  to  carbon 
deposition.  This  work  provides  new insights  into  the  sustainable  design  of  DRM catalysts  while  simultaneously  
addressing biowaste valorization and greenhouse gas mitigation. A provisional patent related to this low-temperature 
eggshell-derived HAP synthesis and its catalytic application has been filed with the United States Patent and Trademark  
Office (USPTO Application No. 63/793,299).


