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Introduction

Hard carbons (HCs) derived from sustainable biomass sources are attracting growing interest as electrode materials for next-generation
hybrid energy storage systems, due to their tfavorable charge storage properties [1]. Among biomass precursors, lignin-rich materials are
particularly promising because they promote disordered carbon structures with enlarged interlayer spacing, beneficial for ion storage [2]. In
this work, hazelnut shell (HS) waste biomass was investigated as a low-cost and sustainable precursor for the synthesis of HC anodes for
lithium-ion capacitors, since its use in HC synthesis remains scarcely explored [2-4]. Different mild pre-treatments, including water washing,
particle-size selection, acid treatment, and hydrothermal carbonization (HTC), were applied before pyrolysis to evaluate their influence on
the electrochemical performances of the resulting materials [2-3]. The synthesized HCs were first tested in half-cell configurations and then
implemented in full-cell devices using HS-derived activated carbon (AC) as the cathode (PYRO-AC-800). The study aims to develop

sustainable hybrid energy storage systems by valorizing waste-derived biomass in practical full-cell applications.

HCs synthesis and electrochemical characterization
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3. Half-cell measurements results Hard carbon as negative electrode
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4. Full cell measurements results U sl o e
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800//HS-acid-56-HC and d) PYRO-AC-800//HTC-56-HC in the potential
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Conclusions

' v"Hazelnut shell waste biomass was successfully valorized into high-value carbon materials, demonstrating its potential for  FENEKONYRE Nt eI VN W =1V LI A e M g A =MLY C R AN - WV Aot T W =T k=1 a1 SR YT s Tealia)
energy storage applications. J. Michel, J. Abou-Rjeily, R. Dominko, Advanced Energy Materials, 14, 2303833,

o ope . : - o 2024.
4 -AC- - -56- -56-
- The ITY.RO AC 80.0 showed. .hlg.h specific cap.::latan.ce, while the HS-acid-56 HC. and HTC 56. HC sam|?|es exh|b|ted 2] C.J. Chng, X. Ma, Y. Abe, S. Kumagal, Journal of Energy Storage, 92, 112193,
. promising reversible capacities in half-cell configurations and good performances in full lithium-ion capacitor devices. 2024.
v The HTC-56-HC-based device achieved the best electrochemical performances, with high specific capacitance, improved IR zRLY e - W aTaeTe= a1 5 NIV = A =Tote PV AV P Y 4= g = Yo L e P T et L

rate capability, and good capacity retention, highlighting its potential for advanced lithium-ion capacitor applications. ChemSusChem, 16, 202201713, 2023.
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