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Introduction  

The conversion of lignocellulosic biomass into functional carbon materials represents a sustainable and cost-

effective strategy for the development of electrocatalysts for the hydrogen evolution reaction (HER) (Comendador 

et al 2025). Biomass-derived carbons are particularly attractive due to their renewable nature, abundance, and 

potential contribution to waste valorization and circular economy frameworks. Through processes such as 

hydrothermal carbonization and subsequent activation treatments, carbon materials with tailored porosity, high 

surface area, and favourable electrochemical properties can be obtained (Ramírez et al 2023). 

 

 Hydrogen is widely recognized as a clean energy carrier with high energy density, and water electrolysis is 

one of the most promising routes for its green production. Nevertheless, the efficiency of this process is strongly 

dependent on the electrocatalyst employed. Although platinum-based materials exhibit excellent performance, 

their high cost and limited availability motivate the search for alternative, sustainable, and low-cost catalysts. 

 

 In this context, the present work explores the valorization of invasive and metal-contaminated plant species 

as precursors for carbon-based HER electrocatalysts. Specifically, Typha domingensis, Cladium mariscus, and 

Phragmites australis collected from Las Tablas de Daimiel, as well as Spergularia rubra from the metal-polluted 

San Quintín mining area, were investigated. 

 

Materials and Methods 

The selected biomasses were transformed into carbon materials by hydrothermal carbonization at different 

temperatures. To enhance textural properties and catalytic performance, selected samples were further subjected 

to chemical activation using potassium hydroxide (KOH) or phosphoric acid (H3PO4). In addition, nickel 

incorporation was carried out for some samples derived from Typha domingensis, Cladium mariscus, and 

Phragmites australis to promote HER activity. In contrast, Spergularia rubra was studied without any external 

metal addition, taking advantage of its naturally occurring metal content resulting from growth in a contaminated 

environment. 

 

 Electrochemical measurements were conducted in a three-electrode cell using a rotating glassy carbon 

electrode as the working electrode, a Hg/HgO reference electrode, and a graphite counter electrode. The electrolyte 

consisted of 0.1 M NaOH and 1.0 M Na2SO4 at ambient temperature. Commercial Vulcan XC-72 carbon was 

employed as a reference material for performance comparison. 

 

Results and Discussion 

The electrocatalytic performance of the biomass-derived carbons toward the hydrogen evolution reaction was 

systematically evaluated. Both thermal treatment and chemical activation significantly improved the HER activity 

of all investigated materials by increasing surface area and enhancing active site accessibility. In particular, the 

chemically activated carbons (KOH activations) and the high temperature treated sample (around 1000ºC) 

exhibited the highest activities.  

 

 In addition, Nickel incorporation further boosted the catalytic response of Typha domingensis, Cladium 

mariscus, and Phragmites australis. Despite these improvements, the carbon derived from Spergularia rubra (SR-

HTC in Figure 1) consistently exhibited superior HER performance. Notably, this material achieved high current 

densities, lower overpotentials, and more favourable Tafel slopes without any additional metal doping. The KOH-

activated Spergularia rubra sample showed the best overall performance, underscoring the positive role of 

intrinsic metal species naturally accumulated by the plant in contaminated soils. This improvement can be mainly 

attributed to the high electrochemically active surface area generated by KOH activation, together with a defect-

rich carbon structure that promotes efficient electron transfer and provides a large number of active sites. 

Furthermore, the presence of oxygen- and nitrogen-containing surface functionalities (C=O and C=N), as well as 
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intrinsically incorporated metal species identified by X-ray diffraction (XRD) and X-ray photoelectron 

spectroscopy (XPS), likely enhances the electronic properties of the material and its interaction with reaction 

intermediates, resulting in improved hydrogen evolution kinetics. 

 

 These results demonstrate that metal-contaminated biomass can be effectively transformed into high-

performance carbon electrocatalysts, offering an innovative approach to both environmental remediation and 

sustainable energy production. 
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Figure 1. Comparative HER performance of biomass-derived carbon materials. 

 
Conclusions 

This study confirms the potential of lignocellulosic biomass as a versatile precursor for sustainable carbon-based 

electrocatalysts for hydrogen production. In particular, Spergularia rubra collected from a contaminated mining 

site proved to be an outstanding material, outperforming both other biomass-derived carbons and the commercial 

Vulcan XC-72 reference, even in the absence of external metal additives.  

 

The proposed approach provides a dual environmental benefit by valorizing problematic biomass while enabling 

efficient and low-cost hydrogen production. Future research will focus on refining activation strategies and 

extending this concept to other invasive or contaminated plant species for renewable energy applications. 
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